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PREFACE

“Practical Handbook of Neurosurgery” invites readers to take part in a journey 
through the vast fi eld of neurosurgery, in the company of internationally re-
nowned experts. At a time when the discipline is experiencing a (detrimental) 
tendency to segment into various subfi elds and scatter in the process, it can be 
worthwhile to collect a number of practical lessons gleaned from experienced 
and leading neurosurgeons.

The book also aims to present numerous important fi gures in the neuro-
surgical community, with a brief overview of the vitae and main contribu-
tions for each. We must confess that we were sad that some of the most active 
members were unable to participate, likely due to time constraints. We are 
however fortunate that the majority were able to take part. As such, though 
not exhaustive, the book does represent an anthology of contemporary 
neurosurgeons.
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PREFACE

At the very beginning of the project, our intention was to make a “pock-
etbook”. But month after month it became obvious that the work would be 
much more expansive; ultimately we produced three volumes. Nevertheless 
we hope that all the three volumes together will remain easily accessible and 
a daily companion. The pocket has to be more like a travel bag! 

We would like to thank all of the contributors; they have sacrifi ced their 
valuable time to deliver sound and critical views, and above all useful guide-
lines. We would also like to ac knowledge the hard and rigorous edition work 
of Mrs. Silvia Schilgerius at Springer-Verlag Vienna. Finally, we would like to 
wish you the reader an exciting journey, one we hope you will both enjoy and 
learn from.
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MICRONEUROSURGERY: PRINCIPLES, 
APPLICATIONS, AND TRAINING

M. G. YAŞARGIL

THE IMPACT OF MICROTECHNIQUES 
ON THE DEVELOPMENT OF NEUROSURGERY

To fully discern and accept the signifi cance of microneurosurgery a clear in-
terpretation and grasp of its components is essential (see  Table 1).

The history surrounding the evolution of the operating microscope, 
 microvascular surgical techniques, rediscovery of the cisternal, vascular and 
parenchymal compartments of the CNS, as well as documentation of the sur-
gical outcome and clinical results in the treatment of saccular aneurysms, 
various types of cranio-spinal lesions: AVMs, cavernomas, extrinsic and in-
strinsic tumors, occlusive cerebrovascular diseases, intractrable temporal 
 seizures and spinal disc-herniation, have been presented in numerous publi-
cations within the past 50 years [15, 19, 22, 26, 44, 46, 53, 65, 69, 78, 107, 116, 
118]. A brief summary of these processes and developments follows.

HISTORY OF MICROSCOPES AND OPERATING 
MICROSCOPES

The history of microscopes has been presented in many previous publications 
(34, 74, 99, 119, 149). Ernst Abbe, physicist, mathematician and astronomer 
at the Friedrich Schiller University Jena, Germany, was able to perfect the 
development of the microscope while working with his friends, Carl Zeiss, 
founder of the company of the same name, and Otto Schott, a chemist and 
founder of the famous glass company of the same name, which produced high 
quality glass for lenses. During the 1870s, while experimenting with water 
emission objective lenses, Abbe devised the equation of “angular aperture”. 
This accomplishment brought Zeiss to the forefront of microscope technol-
ogy. By the 1880s, using oil immersion objective lenses, a numerical aperture 
of 11.4 was fi nally reached, allowing light microscopes to resolve two points 
only 0.2 μm apart. With the exception of some very unusual immersion fl uids 
or ultraviolet light, the above remains the limit today [1]. The electron micro-
scope (1932) and scanning tunneling technology (1981) fi nally revealed the 
nanometric dimensions of intra- and intercellular structures.

Keywords: microneurosurgery, surgical techniques
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Table 1. Microsurgical axioms summarizing personal experience

1.  Microneurosurgery encompasses a cogent, cohensive concept comprising 
 noninvasive approaches along the natural pathways of the cisternal systems, to 
reach the lesions of the central nervous system and to completely and skillfully 
eliminate them, the goal being to achieve, a “pure lesionectomy”.

2.  Microneurosurgery requires intensive, long-term training of one to two years (or 
preferably, longer) in the cadaver- and/or animal-laboratory, mastering the details 
of specifi c surgical neuroanatomy, acquiring profi ciency using bipolar coagulation 
and the high-speed drill, learning the microtechniques of dissection and repair of 
extra- and intracranial vessels and nerves, as well as dura, arachnoidea, and pia, 
and practicing the art of surgical approaches and techniques, the ultimate goal 
 being to optimize the reciprocal balance between the “mental eye”, vestibulo-
visual system, and manual dexterity of the surgeon.

3.  Microtechniques present a signifi cant and unequivocal advance in neurosurgery.
4.  Microneurosurgery is superior to all other contending specialties in neurotherapy. 

It offers to patients a proven and more effective therapy, and shields them from 
academic discussion.

Table 2. Development of optical instruments for surgery from a personal view

Magnifying loupe Operating microscope 

1823 Binocular opera glass 1921 Brinel-Leitz Monocular

1876 Saemisch 1921 Nylen-Person Monocular

c. 1880 E. Abbe/Zeiss 1922 Holmgren-Zeiss/Jena Binocular

1886 Westien and Schulze 1925 Hinselmann-Zeiss/Jena Binocular, 
 colposcope

1886 Westien and von 
Zehender

1938 Tullio-Zeiss/Jena Binocular, fl oorstand

1899 Axenfeld 1953 OPMI 1 Binocular, fl oorstand

1910 Telescopic binocular 
loupe/Zeiss

 Littman (Zeiss/Oberkochen): (later ceiling 
mounted changeable magnifi cation)

1911 von Hess  stereoscopic vision in sharp

1913

1948

von Rohr and Stock

Riechert

 focus through narrow surgical corridors; 
coaxial light; beam-splitter: observer 
tube, cameras

1951 Guiot 1960 Littmann (Zeiss/Oberkochen) Binocular 
diploscope

1965 Drake 1972 Heller-Schattmaier-Yaşargil Binocular, 
 fl oorstand

 (Contraves): counterbalanced
   stand; fl oating movements; mouth 

switch to release the brake system; 
 electrical eyepiece warmer

1992 Hensler-Yaşargil (modifi ed Zeiss 
 Contraves fl oorstand stand attached 
to an OPMI F1, Zeiss microscope optic) 
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Good illumination, stereoscopic vision, magnifi cation changer, and good 
mobility of the stand are valuable requisites of an operating microscope for the 
neurosurgeon. Various types of magnifying spectacles were introduced by 
otologists, ophthalmologists and neurosurgeons (see Table 2) [67, 70]. All these 
spectacles permit free movement of the head but they fail to provide stereo-
scopic vision in the depths of a narrow neurosurgical approach. Furthermore, 
adequate illumination in the depths of a neurosurgical fi eld is lacking.

A monocular monoscope was applied to surgery in 1921 by otologist Carl 
Olof Nylen in Stockholm, Sweden. Together with his teacher Holmgren he 
envisioned and pioneered micro oto-surgery and published the developmen-
tal process in his 1954 paper [59]. The monocular microscope had to be fi xed 
to the patients’ head. In 1922, Gunnar Holmgren used a binocular micro-
scope, attached to the operating table. Another pioneer of otologic surgery, 
George Shambaugh Jr. was the fi rst to use the microscope routinely for the 
one stage Lempert fenestration operation, beginning as early as 1939 [81].

L.H. Wullstein, another pioneer of otosclerosis surgery, arranged the con-
struction of an easily movable microscope consisting of a 10× Leitz magnifi er 
mounted on the stand swivelarm of a dental engine. Using this particular 
 microscope, Wullstein carried out more than 1000 operations from 1949 to 
1953. Perritt [63], Harms [28],  Barraquer [8]  pioneered microtechniques for 
operations on the eye [8, 28, 63, 104].

Under the guidance of H.L. Littmann, Zeiss engineers fi nally  succeeded 
to construct a versatile binocular operating microscope, OPMI-1, which was 
introduced in 1953 [48]. This achievement was welcomed by otologists, oph-
thalmologists, vascular, plastic, reconstructive surgeons and neurosurgeons.

1. FLOATING OPERATING MICROSCOPE [116]

After extensive research, a completely balanced fl oating microscope with ad-
justable counterweights mounted on the microscope stand was developed at 
the Department of Neurosurgery, University Hospital Zurich, Switzerland 
with the assistance of Contraves Company. This ingenious and  sophisticated 
system allows the operating microscope to be easily and quickly brought into 
any desired position during neurosurgical procedures. The addition of a 
mouth switch permits horizontal and vertical movements, thus the surgeon 
can move the microscope around the operating fi eld, and remains well in 
focus then continues the fl ow of the procedure. The prime aim of the neuro-
surgeon is to concentrate on dissection and elimination of the lesion and not 
to battle with the microscope (Fig. 1).

2. ACCESSORIES TO THE MICROSCOPE [54, 116]

For assisting and education purposes co-observation equipment, such as a 
binocular tube and closed circuit television, can be attached to a beam splitter 
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between microscope body and binocular tube. An operation can be recorded 
and still camera photographs taken for documentation. Recordings and 
 photographs are instructive supplements for teaching purposes. Prior to  a 
 re-operation (for recurrent tumor for instance), it is of great value to have the 
opportunity to study the previous recorded surgical procedure.

3. APPLICATION OF MICROTECHNIQUES TO CLINICAL NEUROSURGERY

W. House was a pioneer of microtechniques in his exploration of the internal 
auditory canal and removal of acoustic neurinomas (1961). His success stimu-
lated and challenged neurosurgeons [29, 30]. Kurze and Doyle [45], Jacobson 
et al. [32], Kurze [44], Rand and Kurze [66], Lougheed and Tom [50], Pool and 
Colton [64], Jannetta and Rand [35], all reported on the application of the 

Fig. 1. Artist’s impression of the combined range of mobility between the hydraulic chair, 
arm rest, and microscope, with mouth switch, for the seated surgeon. These can all be ad-
justed in unison. Taken from [88]; illustration by P. Roth
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 microscope in neurosurgery. The operating microscope proved to be of particu-
lar value for operations on avascular or poorly vascularized organs such as the 
middle ear, and on the cornea and the lens of the eye. However, the availability 
of the microscope for surgery on the brain, a complex and highly vascular or-
gan, provided the means and the stimulus to develop new approaches and atrau-
matic techniques to ensure preservation of normal vital structures and vessels.

The cerebral vascular procedure of thrombectomy for an occluded MCA 
has been performed without an operating microscope by Driesen, Scheibert, 
Schillito, Welch, Chou (see [115]), and the procedure of bypass graft of a 
saphenous vein between the extra- and intracranial carotid arteries has been 
performed by Woringer and Kunlin [103]. Technically, all procedures were 
successfully accomplished, but surgical outcomes were not satisfactory.

In 1960, Jacobson and Suarez, using an OPMI operating microscope (Zeiss), 
achieved convincing progress in suturing of the common carotid artery in 
mongrel dogs, with good surgical results [31]. Six years later in the same labora-
tory at the University of Vermont, Burlington, microvascular techniques were 
developed that could be applied to brain arteries embedded within their cister-
nal-arachnoidal network [20]. The fi rst successful anastomosis between the su-
perfi cial temporal artery and anterior temporal cortical artery was performed 
on a mongrel dog on March 30, 1966. During the ensuing 7 months, 34 bypass 
procedures on dogs were successful and remained patent [20]. These new and 
evolving surgical techniques led to the design of appropriate instrumentation, 
and especially of microsuture material. Bipolar coagulation technology allowed 
coagulation of fi ne caliber vessels, and therefore precise hemostasis was as-
sured. Surgical tactics, the planning of a procedure, the concepts of operating 
were infl uenced by all these developments, and evolved accordingly.

MICROSURGICAL INSTRUMENTS [112, 116 VOL. IV B, 119]

1. BIPOLAR COAGULATION-TECHNOLOGY

In 1940, Greenwood introduced the use of two point coagulation to neuro-
surgery [23]. This concept was later perfected by Malis and is known as  bipolar 
coagulation, which causes no current spread or radiation of heat to  surround-
ing tissue [55]. Bipolar coagulation is crucial to accomplishing successful neu-
rosurgery, and has been instrumental in promoting new concepts. Without 
bipolar coagulation the microsurgical approaches, tactics and concepts we 
currently apply, would be impossible [20, 114, 115, 118]. Less familiar are the 
bipolar coagulation ball electrodes, also developed by Malis. These can be 
used effectively to shrink vascular lesions such as hemangioblastomas, menin-
giomas, and cavernomas by very gently stroking the surface of these tumors 
with the ball, at a bipolar setting appropriate to the size, vascularization and 
location of the lesion [25–60]. Cold water irrigation during and following co-
agulation is recommended [53, 55].
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The size, shape, weight, balance and spring of the bipolar coagulation for-
ceps are important features of their design. Bayonet shaped bipolar forceps 
are available in many different lengths from 2 cm to 13.5 cm working length 
(2 cm and 3.5 cm for surface work, and longer forceps as dissection progresses 
deeper). A bayonet shape avoids the surgeon’s hand blocking the fi eld of 
 vision. A moderate degree of spring aids in tissue dissection with the forceps. 
All forceps are insulated to prevent short circuit of current into tissue that 
may come into contact with the shaft of the forceps. The tips of bipolar for-
ceps are available in various widths, 0.4 mm, 0.7 mm, 1 mm, and 1.3 mm. When 
applying coagulation, the vessel should not be tightly squeezed between the 
tips. When coagulating a larger diameter vessel, using brief bursts of current, 
along a short length of the vessel at a power of 15–25 Malis units is recom-
mended. This usually prevents the tips from “sticking”. Bipolar forceps are in 
constant use for dissection, and coagulation, therefore it is advisable to  prepare 

Table 3. Instrument innovations in microneurosurgery

Counter balanced operating microscope stand can be attached to a  binocular  
 microscope, diploscope, triploscope, 2-D or 3-D videoscope monitor
Bipolar coagulation
Electrically powered perforator and craniotome and drill bits
Double-pronged spring hook for scalp and muscle fl ap
Flexible dura dissector
Self-retaining brain protection with malleable spatula
Ultrasound suction apparatus
Ultrasound detector
Brain and nerve stimulator, and monitoring
Microinstruments

    Spring loaded bayonet bipolar coagulation forceps in seven different lengths 
 (20–135 mm working length) and four different tip sizes (0.4–1.3 mm)

   Ring tipped tumor or aneurysm grasping forceps with and without teeth
    Bayonet-shaped scissors in four different lengths (50–135 mm working length) 

 with straight and curved blunt tips
   Biopsy rongeurs in two different lengths and six different jaw sizes
   Micro-Rongeur with malleable shaft
   Tumor-grasping forks in four different tip sizes and forked forceps
   Suction tips: four lengths (50–150 mm) and fi ve diameters (1.5–4.5 mm)
   Regulator for suction pressure
   Dissectors: 20 various shapes and sizes
    Clips: 180 aneurysm clips, various shapes and sizes, hemoclips, temporary clips, 

 microclips
   Microsuture
   Mobile tip mirror (5.0–7.0 mm), endoscopes

High quality cotton pledgets
Hydraulic surgeon’s stool
Hydraulic arm support
Hydraulic instrument table for scrub nurse
Neuronavigation (not used by the author)
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a whole series for each surgery. Forceps can then be cleaned frequently, and 
the tips cooled in a solution, which helps to prevent their “sticking”.

Basic microneurosurgical instruments are summarized in Table 3.

2. SUCTION SYSTEM

A suction pump with a pressure-regulating mechanism can be adjusted ac-
cording to the intraoperative situation, for instance high for tumor suction 
and for hemorrhage, low when opening the sylvian fi ssure, and when dissect-
ing vessels and aneurysms and nerves. A round, smooth, atraumatic surface of 
the suction tip prevents injury to the brain and vasculature. Suction tubes are 
available in various lengths and diameters, which can be interchanged depend-
ing on the depth of the surgical fi eld, the nature of the dissection and consist-
ency of the tissue and the fl uids to be eliminated. Equally important, the 
 suction tube functions as a retractor at low pressure, drawing tissue, tumor, a 
vessel, or a nerve to one side during dissection. On many occasions this dis-
penses with the need to apply the self retaining brain retractor. Coordinated 
with the bipolar forceps, the suction tube can act as a blunt dissector [116].

For the debulking or enucleation of tumors the suction apparatus is very 
effective for soft tumors. Tough, hard tumors can be excised with a knife, scis-
sors, or bipolar cutting loop. The ultrasonic aspirator (CUSA) system supplies 
continuous irrigation and suction to aspirate emulsifi ed tissue 1–2 mm from the 
tip, and is most effi cient for all types of tumors.

Frequent irrigation of the operative fi eld with fl uid at 37°C minimizes tissue 
adhesion to instruments, removes blood and tissue debris, and maintains a clear 
operative fi eld. Irrigation delivery systems have been developed, to attach to 
the various instruments (suction tube, bipolar forceps). A presoaked sponge 
affords a form of continuous irrigation.

3. PROTECTIVE RETRACTION DEVICES [116, VOL. IV B]

Ideally, retraction devices should not compress the brain, but provide a shield 
of protection. As discussed previously, the suction tube can be used to retract 
tissue: the area of the suction tube is narrow and the period of retraction is 
brief, due to the fact that dissection is continuously moving around the lesion, 
therefore the risk of damage to normal tissue is reduced. A cotton ball satu-
rated with fl uid constitutes a simple, non-injurious retractor, positioned, for 
instance, between tumor capsule and normal tissue. During dissection of the 
Sylvian fi ssure, interhemispheric fi ssure, cerebral sulci, cerebellopontine cis-
tern for example, moistened cotton balls are placed, one at each end of the 
fi ssure, sulcus, etc., in increasing sizes, as dissection progresses, maintaining a 
delicate retraction. Sponges with strings attached have many applications: (1) 
protection of normal, exposed tissue, (2) retraction, (3) absorb fl uids (CSF or 
blood), (4) fl uid can be gently aspirated without damage to tissue beneath the 
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sponge (when opening the dura, a sponge can be placed over the brain and 
suction applied to absorb CSF), (5) when profuse bleeding occurs, the same 
method of sponge beneath suction tube can be applied, (6) dissection (a sponge 
held in the bipolar forceps, and using stroking motions, tumor is coaxed from 
a vessel wall), (7) once the tumor has been debulked, 2 or 3 sponges are placed 
inside the tumor sac to give it substance, during dissection of the sac from sur-
rounding tissue. The sac is thus easier to grasp and manipulate, (8) a sponge 
can be positioned to temporarily displace tumor or normal tissue a little, dur-
ing dissection, (9) to press and spread bone wax over bony hemorrhage, (10) 
placed over hemostatic agent (surgical, gelfoam) to fi rm the position.

4. VESSEL AND ANEURYSM CLIPS [116, VOL. I]

Temporary vascular clips differ from permanent aneurysm clips. They have a 
lower closing pressure to prevent damage to the vessel wall and endothelial 
lining. Temporary clips are golden in color to distinguish them from perma-
nent clips, as they should not be implanted to permanently occlude an aneu-
rysm or vessel. A selection of temporary clips with their appliers are available 
on the fi eld, at every surgical procedure in preparation for any unanticipated 
hemorrhage that may occur. Should the wall of a small arterial vessel be in-
jured, 2 small golden clips can be applied, one distal and one proximal to the 
injury. The previous oozing of blood can be cleaned by suction placed over a 
sponge for protection of the vessel. The injured wall is then clearly visible, 
can be closed by bipolar coagulation at Malis setting 15 or 20, and the clips 
removed. If the injury is on the posterior surface, the vessel can be rotated to 
reveal the hole by placing a fl at sponge over the vessel and using the suction 
tube at low pressure to rotate.

Aneurysm clips are available in many sizes and in a variety of curved and 
angled shapes, to accommodate the diverse anatomic confi gurations and 
sometimes uncommon situations presented in patients. Unnecessary, repeti-
tive opening of the aneurysm clips’ blades is to be avoided as this reduces the 

Table 4. Microneurosurgical concepts

1.  Rediscovery of cisternal anatomy, which allows exploration of all the lesions of 
the CNS through subarachnoid pathways: “cisternal navigation”

2.  Recognition of the compartmental anatomy of the CNS and the related 
 predilection sites of the lesions (neoplastic, vascular, infectious, toxic, 
 degenerative, congenital)

3. Complete elimination of the lesion: “pure lesionectomy”
4. Meticulous hemostasis (bipolar coagulation technology)
5.  Exploration without rigid brain retraction but applying protective dynamic 

 retraction
6. Reconstruction and repair of central and peripheral nerves
7.  Reconstruction and repair of extra- and intracranial arteries and veins, pia and 

arachnoidea
8. Creation of specifi c transosseous windows to the skull
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closing pressure. The technique of stepwise obliteration of an aneurysm is 
described in detail in ref. 116, vol. I (see Table 6).

5. NEURO-NAVIGATION

With the emergence of high-quality intraoperative imaging using computed to-
mography and/or magnetic resonance imaging, the fi rst integrated microscope 
navigation systems were developed which can be used effectively in cases of 
skull base tumors. The concept of microscope-based neuronavigation consists 
of superimposing the localization and extension of a lesion on to the micro-
scope fi eld of view through contours. The integration of preoperative func-
tional data from magnetoencephalography and functional MRI, resulting in 
so-called “functional neuronavigation” can lead the way towards future im-
provements in the fi eld of microneurosurgery. Other advances of note such as 
the use of tumor fl uorescence, using 5-aminolevulinic acid or autofl uorescence, 
show promising results [88]. Brain shift and spatial resolution of the imple-
mented techniques should not be underestimated, and therefore applying this 
technology may give a false sense of surgical security and confi dence. Person-
ally I prefer to use the ultrasound detector to check for residual tumor.

The most relevant and reliable method for evaluating the location of a le-
sion and devising a surgical strategy, remains the thoroughly trained, multi-
dimensional “mental eye” of the surgeon, which has acquired profi ciency 
related to laboratory training and clinical knowledge and experience, com-
bined with the accomplished evaluation of visualization technology. This is 
currently the most reliable guide and qualifi ed method to determine a diagno-
sis and defi ne a concept of treatment and design a surgical strategy.

6. MICRONEUROSURGICAL CONCEPTS

To master the techniques of microneurosurgery, it is necessary to become fa-
miliar with the detailed surgical and radiological anatomy of the cisternal, vas-
cular and parenchymal systems, the course and variation of arteries and veins, 
and the distinct architecture of gyral segments and connective fi bers in ne-
opallial, archi-, paleopallial, and central areas of white matter, lentiform nucleus 
and brain stem [96, 97, 116, 120]. Altogether there are at least 50 compartments 
in each cerebral hemisphere, 8 compartments in each of the cerebellar hemi-
spheres and 9 compartments of spinal cord, which provide natural pathways to 
approach the lesions, to achieve accurate exploration and dissection of adjacent 
vasculature, and to preserve the hemodynamics and homeostasis of the brain.

7. CISTERNAL ANATOMY REVIVED

Key and Retzius [38], by injecting the subarachnoid space with blue dye, 
were able to demonstrate the cisternal anatomy of the brain, and confi rmed 
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that the cisterns intercommunicate and are compartmentalized. They showed 
the relationship of the cerebral vessels to the arachnoid and to the numerous 
trabeculae which suspend these vessels from the walls of the cisterns. Their 
fi ndings remain valid today, although appreciation of the importance of cis-
ternal anatomy for neurosurgery had to await the introduction of the operat-
ing microscope. Performing procedures under the operating microscope has 
contributed to progress in understanding anatomy, and has defi ned the im-
portance of precise dissection of the subarachnoid cisterns in the exposure of 
cerebral aneurysms, arteriovenous malformations, and extrinsic and intrinsic 
tumors.

The traditional defi nition of the subarachnoid space as consisting of a 
freely communicating channel for the fl ow of CSF is an inadequate explana-
tion, and fails to correspond to the fi ndings at operation under the micro-
scope. The arachnoid partitions the subarachnoid space into relatively  discrete 
chambers, possibly retarding and directing the fl ow of CSF. These barriers to 
CSF are seen in numerous locations, providing a rationale for naming them as 
individual subarachnoid cisterns (Figs. 2 and 3). Microneurosurgical proce-
dures presented us with the opportunity to revise our knowledge of compart-
mentalization of the subarachnoid cisterns, because we are able to view them 

Fig. 2. Original fi gure from Ref. [38], showing a dissection of the basal cisternal compart-
ments (olfactory, chiasmatic, Sylvian, carotid, interpeduncular, crural, prepontine, cerebel-
lopontine, and anterior spinal cisterns)
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in their natural physiological state, fully distended with CSF. Knowledge of 
the cisternal anatomy allows precise exploration of intra- and extra-axial in-
tracranial lesions along the “cisternal pathways”. The lesion can be circum-
ferentially dissected, observing cisternal anatomy, and the parent arteries and 
main draining veins can be secured, thereby achieving control of cerebral he-
modynamics.

In chapter 1 of “Microneurosurgery, volume I” cisternal anatomy and 
compartmentalization is reviewed in detail [60, 116]. A concept of the sub-
arachnoid space is presented that attempts to describe the actual observa-
tions at operation as accurately as possible. In current neurosurgical 
 nomenclature, these terms are commonly used, and continue to be relevant 
when describing dissection and exposure of intracranial and arachnoidal 
 lesions and their accompanying cranial nerves and vasculature. The predi-
lection sites of vascular, neoplastic, malformative, and degenerative lesions 
in these compartments can be defi ned precisely. Further advances in radio-
logical imaging, and developmental and functional anatomy will give more 
detailed insight into the cisternal anatomy and physiology of arachnoid 
 fi bers and trabeculae [124].

Fig. 3. Artist’s impression of the left-sided infratentorial cisterns with the structures they 
encase (1 junction between cisterna ambiens and quadrigemina, 2 cerebellopontine cistern, 
3 lateral cerebellomedullary cistern, 4 4th ventricle, 5 superior cerebellar cistern, 6 superior 
vermian cistern, 7 cisterna magna, and 8 cervical subarachnoid space). Taken from [88]; 
illustration by P. Roth
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SEGMENTAL AND COMPARTMENTAL OCCURRENCE 
OF LESIONS [116 VOL. IV B, 118]

Diseases of various etiologies rarely involve an entire organ or the entire 
body. A disease occurs in segments or compartments of organs, sometimes 
entirely isolated, even encapsulated, sometimes without any symptoms and 
unnoticed by the patient. Central nervous system diseases follow a regular 
pattern, each individual lesion seemingly occurring in a distinct segment or 
compartment (Table 5).

Table 5. Predilection sites of primary brain tumors

1. Neopallial

   a.  Gyral segments of frontal (F1–F3), parietal (P1–P3), occipital (O1–O3), 
and  temporal (T1–T4) lobes and cerebellar lobules (anterior and posterior 
 quadrangular lobules, superior and inferior semilunar lobules, biventral lobule, 
tonsil, and superior and inferior vermis)

   b.  Gliomas have a tendency to extend, in pyramidal shape, toward the ventricle
   c.  Gliomas of neopallial, archi- and paleopallial, intraventricular, white matter, 

basal ganglia and central nuclei remain in their compartments; however, in 
high grade gliomas after radiotherapy and incomplete surgical removal, they 
may disseminate

2. Archi- and paleopallial (limbic, paralimbic)

   a. Mesiobasal temporal (temporal pole, amygdala-hippo- and parahippocampus)
   b. Insular (anterior, posterior, entire)
   c. Cingulate gyrus (anterior, middle, posterior)
   d. Posterior frontoorbital gyri and septal region
   e. Combined a–d

3. Midline

   a. Only caudate head (rare), never body or tail of caudate nucleus
   b. Lentiform nucleus (extremely rare)
   c. Corpus callosum (anterior, middle, posterior part)
   d. Pre- and retrolentiform region of the white matter
   e.  Diencephalon (hypothalamus infero-anterior or supero-posterior; thalamus 

anterior or posterior [pulvinar]); only malignant gliomas in late phase 
transgress the borderline between hypothalamus and thalamus

   f. Mesencephalon (dorsal, ventral, lateral, central)
   g. Pons-medulla oblongata (dorsal, ventral, central)

4. Intraventricular

   a. Lateral ventricles (anterior horn, cella media, or atrium)
   b. Third ventricle
   c. Aquaduct
   d. Fourth ventricle

5. Cervical, thoracic, and lumbar spinal cord (dorsal, lateral, central)
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The occurrence of extrinsic cranio-spinal tumors (meningiomas, neurino-
mas, craniopharyngiomas, adenomas, chordomas, chondrosarcomas and 
 epidermoids) in specifi c cisternal compartments had already been clearly un-
derstood by the founding generation of neurosurgeons. The predilection sites 
of brain lesions such as AVMs, cavernomas, and the various types of intrinsic 
tumors can now be demonstrated with modern neurovisualization technolo-
gy, coordinating three planar or three dimensional studies with all modalities. 
Despite these advances, the topographic description of intrinsic lesions of the 
brain continues to be the traditional terminology related to the “lobar” con-
cept. This is by no means wrong, but imparts insuffi cient data and fails to 
defi ne comprehensively the accurate location of a lesion in a particular paren-
chymal compartment(s) of the CNS. Intrinsic lesions occur in compartments 
of the neopallial, archi-pallial and paleo-pallial (limbic-paralimbic) systems, 
in the bas al ganglia, in compartments of the white matter of the dien-, and 
mesen-, metencephalon, in the cerebellum, spinal cord and in the 4 compart-
ments of the ventricular system [116 IV B, 120, 121, 122].

The generally accepted concept that gliomas grow in an infi ltrative man-
ner is not a convincing hypothesis. Glial tumors compress and displace but 
do not infi ltrate into or follow connective fi bers, and they do not transgress 
connective fi bers until a very late phase of grade IV tumors. This segmental/
compartmental concept has been reinforced by recent studies with diffusion 
tensor imaging and 3 planar MRI. Gliomas within neopallial, archi- and pale-
opallial, white matter, basal ganglion, diencephalon, brainstem and intraven-
tricular compartments usually exhibit a sharp borderline to neighboring 
compartments. Nevertheless, as the limbic system encircles the brainstem and 
the telencephalon, topographically the appearance of limbic gliomas on MRI 
can be fairly confusing, because they may simulate a multi-lobar tumor, par-
ticularly in cases in which the gliomas involve the mesiotemporal, posterior 
frontoorbital, septal and insular compartments of the limbic system all at 
once. This segmental and compartmental occurrence of diseases, with differ-
ent vascularization patterns of each compartment, creates for the surgeon and 
radiation-therapist the opportunity to offer a favorable form of therapy and 
pursue an effi cient treatment regime to a successful and benefi cial conclusion. 
Recurrence of low-grade gliomas always occurs in the same location even 
after decades. In approximately 95% of high-grade gliomas recurrence occurs 
in the same place; in 1–2%, dissemination is observed, and in about 2–3%, the 
recurrence is multicentric.

1. CRANIOTOMIES

Each craniotomy requires thorough studies of the architecture of the bone in 
the intended surgical region (CT) and the course and variation of arteries 
and veins and venous sinuses (CTA, MRA, MRV). The optimal size of crani-
otomy is chosen to improve the operating fi eld of vision, minimize brain 
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 retraction, and provide multiple surgical angles for dissection. Various 
 approaches have been devised and described [3–5, 9, 16, 25, 27, 33, 36, 37, 62, 
71, 72, 78, 80, 89, 94, 116, 120–122]. Sustained application of endeavors re-
sulted in mastering of combined approaches, for instance, transsphenoidal-
transSylvian, transSylvian-transcallosal, and supracerebellar-transtentorial 
explorations in one session. The use of the power drill is indispensable for 
precise achievement of these approaches. Perfection of drilling-skills and 
learning the complex anatomy of the skull base and the arachnoid space in the 
laboratory is strongly recommended.

2. THE CAVERNOUS SINUS

The fi nal hurdle in skull base surgery has fi nally been surmounted. Due to the 
vital structures passing through, the internal carotid artery, the cranial nerve 
of oculomotion, and the trigeminal nerve, the cavernous sinus has long been 
approached with the appropriate respect, and was not entered surgically be-
cause continued oozing of venous blood obstructed the surgical view. In the 
1980s Vinko Dolenc was the fi rst to enter the cavernous sinus for the purpose 
of treating internal carotid artery aneurysms and carotid cavernous fi stulas, 
controlling venous bleeding with Surgicel and compression [17, 18]. His tech-
nique has been refi ned (in part with the advent of fi brin glue) and, for those 
who have trained long and extensively, the cavernous sinus is on the verge of 
being tamed [40]. The combined pterional pretemporal transcavernous ap-
proach achieves a wide exposure and is currently employed to treat saccular 
aneurysms in the cavernous sinus and at the level of the upper third of the 
basilar artery, including the basilar tip [41–43]. The treatment of cavernous 
tumors (meningiomas, chordomas) has become possible and total resection is 
possible, in cases without severe adhesions.

3. CISTERNAL APPROACHES

Due to the limited space of this chapter a detailed presentation of the cisternal 
approaches cannot be given. The exploration and elimination of the various 
intracranial and intraspinal, extrinsic and intrinsic lesions has been described 
in extenso in former publications [108, 111, 116 vol. I, III B, IV B, 111, 
120, 122].

4. CEREBROVASCULAR MICROSURGERY

Alexis Carrel pioneered the basic vascular surgical techniques in the animal 
laboratory (1902–1940) [10, 75]. In 1953 Michael E. DeBakey began routine 
clinical application of vascular surgery. Concomitant advances in the diagno-
sis of arterial disease with improved angiography, followed by Duplex ultra-
sonography, CTA, MRA, and the availability of anticoagulants, contributed 
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to improvements [49]. The application of extracranial vascular surgical 
 techniques to intracranial arteries necessitated the recognition of the distinct 
relationship of the cerebral vasculature to the cisterns and the necessity of 
maintaining a constantly bloodless surgical fi eld. This became possible with 
the combined application of the operating microscope, bipolar coagulation, 
microinstruments and microsutures, later complemented by ultrasound fl ow-
metry and fl uoroscopy. Microneurosurgical techniques ultimately permitted 
preservation of arteries and veins down to 0.5 mm in size by meticulous dis-
section, repair and reconstruction within the cisternal-arachnoidal system. 
Exploration and elimination of saccular aneurysms, AVMs, cavernomas, he-
mangioblastomas also became possible [9, 18, 24, 43, 52, 92, 93].

Surgical concepts, techniques, tactics and results have been published in 
six volumes of “Microneurosurgery” [116]. In Table 6, surgical concepts are 
summarized.

Although impressive improvement of endovascular techniques has been 
documented, current neurosurgery needs to develop confi dence and dexterity 

Table 6. Microsurgery of intracranial saccular aneurysms, AVMs and cavernomas

Aneurysms (see Microneurosurgery, vols. I and II)

Transcisternal exploration of the proximal and distal segments of the parent 
artery(ies)

Recognition of the geometry and wall-condition of the aneurysms

Control of hemodynamics in parent arteries using proximal and distal temporary 
clips (maximum 3 minutes)

Taming, shaping, shrinkage, defl ation and neck creation of dysmorphic saccular 
 aneurysms using bipolar coagulation techniques, temporary and pilot clips (see 
 Figure 208A-B in Microneurosurgery, vol. I, pp 253-254)

Complete elimination of aneurysm, particularly the inferiorly bulging parts and, if 
necessary, graft/bypass in case of large or giant aneurysms.

Arteriovenous malformations (see Microneurosurgery, vol. IIIA, B)

Perilesional helical exploration, identifi cation and elimination of the feeding arteries

Temporary microclips of the small periventricular perforating arteries, bipolar 
 coagulation

Consideration of specifi c hemodynamics in a given case related to the venous 
 drainage, particularly the condition of the straight sinus (stenosis or occlusion)

Creation of new venous drainage

Cavernomas

The introduction of MRI technology markedly facilitated the diagnosis of cavernomas 
in CNS. Symptomatic cavernomas causing hemorrhages or seizures or neurologic 
and mental defi cits should always be operated. Applying microtechniques they can 
be precisely explored and removed, saving adjacent venous anomalies 
(see Microneurosurgery, vols. IIIB and IVB).
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in cerebrovascular microsurgery and advance techniques, because ultimately, 
surgical therapy provides the most defi nitive solution to cerebrovascular 
 lesions.

5. REVASCULARIZATION OF THE BRAIN

Reconstructive surgery of extracranial brain arteries has become, in the sec-
ond half of the 20th century, a routine procedure involving vascular surgeons, 
neurosurgeons and interventional radiologists who aimed to create new ideas 
to attain the best and most effective treatment.

Extra-intracranial bypass and intracranial bypass procedures have been 
well established since 1967, and are an integral part of neurosurgery in the 
treatment of giant aneurysms, skull base tumors and reconstruction of the 
venous sinuses [6, 11, 12, 21, 24, 61, 68, 73, 77, 79, 84, 86, 91, 92, 102, 115]. In 
cerebrovascular occlusive disease, indications for EC–IC bypass requires 
careful evaluation and assessment [7]. However, a certain group of patients 
with compromized hemodynamics due to an insuffi cient collateral system, 
can be relieved from their burden of cerebrovascular ischemic events by this 
procedure.

The advent of quantitative MRI angiography as well as SPECT and PET 
promises to be of great value in determining those patients who may benefi t 
[12, 96]. The excimer laser-assisted non-occlusive anastomosis (ELANA) 
technique is proving to be a successful alternative surgical technique to the 
classical procedure of suturing the vessels [95].

6. EPILEPSY SURGERY

Anterior transSylvian selective amygdalohippocampectomy, introduced in 
1973, is performed in patients with medically intractable mesiotemporal sei-
zures, as indicated by an epileptologist [100, 113, 117]. This alternative to 
standard temporal lobectomy provides outstanding outcomes for seizure 
control. Microneurosurgical dissection achieves atraumatic opening of the 
anterior Sylvian fi ssure and the amygdalohippocampectomy can be accom-
plished without injuring the surrounding cerebrovascular system and ne-
opallial and related white matter [88].

7. SPINE SURGERY

Microsurgical techniques are applied to spinal surgery for disc disease, as well 
as for extrinsic and intrinsic extra- and intramedullary tumors, AVMs, caver-
nomas, and hemangioblastomas. Quadrilaminectomy has proven a practical 
and suitable method to approach and completely remove these lesions [39, 51, 
52, 57, 105, 108–111]. Hemilamintomy and microdiscectomy for lumbar disc 
surgery have advantages over open surgery as no spinal fi xation is necessary 
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[2, 101, 106]. The spinal arachnoid cisternal space is also compartmentalized. 
A fenestrated arachnoidal septum exists between the dorsal median sulcus of 
the spinal cord and dura from C2 through Th10–11 and divides the dorsal 
spinal cistern into two compartments [57]. Meticulous manipulation to pre-
serve the arachnoid aids in identifying the dorsal median sulcus. Precise clo-
sure of the pia, arachnoidea, and dura hinders dural-pial adhesions.

8. TRAUMA

Having vivid memories of personal experiences treating the open wounds of 
cranio-spinal injuries (1967–1970), the application of microtechniques 
seemed, initially, to be superfl uous to others and was therefore opposed. 
Soon, however, after observing the effectiveness of meticulous exploration 
and removal of debris and hematomas, repair of vessels, precise hemostasis 
and exact closure of wounds, microtechniques became accepted.

9. CADAVER AND ANIMAL LABORATORY TRAINING

Theoretical learning methods are provided in abundance, whereas the techni-
cal, surgical aspects in the fi eld of neurosurgery seem to be underappreciated.

Practical learning in well-equipped microneurosurgical laboratories pro-
vides a means to broaden knowledge of anatomy and acquire dexterity in 
microsurgical techniques, such as the appropriate use of the operating micro-
scope, microsurgical instruments, drilling and dissection skills. Furthermore, 
microsurgical training will further enhance the capabilities of the “mental 
eye” of the surgeon.

DISCUSSION

The components of microneurosurgical concepts can be defi ned as follows: 
availability of appropriate tools, instruments, and equipment, thorough train-
ing in a laboratory dedicated to microneurosurgery to acquire broader neu-
roanatomical perspectives, and to adapt to the operating microscope while 
perfecting microsurgical techniques and improving skills with tools, instru-
ments, and equipment; fi nally, establishing teamwork and interactive dialog 
with neuroradiologists, neuroanesthesiologists, neuropathologists and neu-
rosurgical nurses in the OR, ICU and ward to promote optimal care of 
 patients.

Considering these challenging developments, young colleagues are encour-
aged and advised of the absolute necessity, to spend at least one year in a labo-
ratory setting, training in surgical neuroanatomy and microsurgical technique. 
The employment of advanced robotic technology in neurosurgery will require 
us to be far more accurate and knowledgable in neuroanatomy and neuro-
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physiology and will demand confi dence and precision in surgical maneuvers, 
methods and manipulations [87]. Aboud et al. [3] introduced an innovative 
lifelike model emulating the normal human anatomy and dynamic vascular 
fi lling found in real surgery. This model gives us the unique opportunity to 
develop and practice a wide range of skills, for example opening the Sylvian 
fi ssure, suturing microanastomoses, dissecting and clipping artifi cial aneu-
rysms, and practicing neurosurgical approaches in general.

The most effective surgery is always that administered by the trained 
“mental eye” and hands of a surgeon. I am convinced the coming generation 
will participate with zeal, in advancing, developing and improving the fi eld of 
neurosurgery, and in creating innovative ideas and initiating sound concepts 
for the benefi t of our patients.

Ongoing laboratory experience throughout a neurosurgeon’s career is 
critical for the microsurgeon to learn new techniques and procedures and to 
refresh and refi ne a knowledge of anatomy. Hands-on laboratory dissection 
courses and individualized cadaver dissection opportunities are excellent 
means for fi ne tuning seldom-used techniques [3, 114, 123].

FUTURE

In the information era, for the modern neurosurgeon, it is of importance to 
understand and master the interpretation of the many radiological imaging 
techniques, to implement neuronavigation in surgery and teaching, and to 
assist in developing even more advanced microscopes (such as with oscillating 
objectives to improve depth perception), microsurgical instruments, and 
3D-television cameras with fl uctuating objectives. In the fi eld of neuroradio-
logical imaging, diffusion tensor imaging and white matter tractography, 
 although in their preliminary clinical phase, seem very promising techniques 
[47, 76, 83, 98]. They open exciting new possibilities for exploring features of 
the central nervous system anatomy that are invisible in vivo. These tech-
niques have already expanded our current neuroanatomical knowledge, for 
example, the anatomic connectivity of cortical and subcortical structures, the 
somatotopical anatomic connectivity of cortical and subcortical structures, 
and the somatotopical organization of white matter tracts such as the pyrami-
dal tract and medial lemniscus system [14, 58]. There is a parallel revival of 
interest in the anatomy and dissection of white matter tracts [76, 98, 121]. 
More recent studies have shown the relationship between intra-axial lesions, 
(gliomas, arteriovenous malformations, and cavernomas) to the adjacent 
white matter tracts. Preoperative neurosurgical planning and postoperative 
assessment of lesionectomy are defi ned according to the relationship of fi ber 
systems to the lesion and whether they are impaired, displaced or intact [13, 
83]. Optimally, intraoperative navigation with real-time information from 
ultrasound (parenchymography), MRI and CT, as well as tractography would 
be ideal to direct the process of dissection and serve as a pilot, guiding the 



21

MICRONEUROSURGERY: PRINCIPLES, APPLICATIONS, AND TRAINING

procedure to accomplish a pure lesionectomy. Five categories of tract altera-
tion in relation to a lesion have been described by Lazar et al., namely: nor-
mal, deviated, interrupted, infi ltrated, or degenerated [47]. Interestingly, they 
also showed that after lesion resection, the white matter tracts appeared more 
similar to normal anatomy, compared to the contralateral side. Tract altera-
tion had disappeared which correlated with improvement or preservation of 
motor function, when lesions were associated with the pyramidal tract. Their 
fi ndings corroborate well with the concept that “glial tumors grow initially 
from a focus of abnormal cells in the white matter, in specifi c architectonic 
areas that are phylogenetically more recently evolved” [116]. As stated previ-
ously, these tumors, in the early and intermediate phase of their existence, as 
they grow, remain primarily restricted to their sectors of origin and split the 
surrounding white matter fi bers. It is important to remember that the white 
matter consists not only of myelinated and unmyelinated fi bers, but also of 
migrating stem cells, microglia, a specialized capillary and arachnoidal sys-
tem, CSF channels, and a cellular and fl uidal immune system.

CONCLUSIONS

The fundamental concepts of microneurosurgery are based on control of 
cerebral vasculature and hemodynamics, which includes exploration of 
main cerebral vasculature, also sulcal arteries and the arteries and veins sur-
rounding cerebral lesions. As summarized in Table 1, successful fulfi llment 
of these concepts is dependent on: (1) a clear understanding and recognition 
of the compartmental anatomy of the cisternal and parenchymal (neo-, 
paleo-, and archipalleal) and ventricular systems, (2) knowledge of the com-
partmental and segmental occurrence of gliomas and cerebral vascular 
 lesions such as AVMs and cavernomas, (3) being well acquainted with in-
struments, bipolar coagulation, suction (regulation and CUSA), pledgets 
and sponges, (4) skilled reconstruction of arteries and veins using microsur-
gical techniques.
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ENDOSCOPY: PRINCIPLES 
AND TECHNIQUES

E. DE DIVITIIS

INTRODUCTION

Neurosurgery, compared to other medical and surgical specialties, is a rela-
tively recent one. Indeed, it is considered as one of the most rapidly evolving 
and fl ourishing. During the second half of the last century and the past few 
years, this fi eld has made a well noticed advance in evolving ideas and surgi-
cal tools in the attempt to attain the lowest rates of morbidity and mortality 
in a safe, feasible, limited, yet practical way. Among those tools has been the 
endoscope. It fi rst emerged as a diagnostic tool, shifted with time to become a 
surgical one, passed through an era of struggle to survive among other practi-
cal tools, and lastly has strongly re-emerged and gained popularity as the sole 
visualizing tool in more neurosurgical approaches.

Aiming to clarify the evolving role of the endoscope in neurosurgery, the 
historical background of neuroendoscopy, its past and recent applications in 
the fi eld of brain surgery, the milestones of its technological advancements 
will be reviewed.

Minimal invasiveness is a surgical approach modality designed to mini-
mize trauma, maximize outcomes and enable patients to quickly return to 
their normal life.

The goal for using endoscopes for surgery is to reduce the tissue trauma 
when compared with traditional “open surgery”. In addition, the use of side-
viewing capability and better lighting produces much better viewing inside 
the operative fi eld than traditional surgery. However, minimally invasive en-
doscopic surgery is certainly not a minor surgery. As a matter of fact, de-
spite several advantages for the patient, such as reduced blood loss, shorter  
hospital stay, decreased postoperative pain and quicker return to normal ac-
tivities, some complications must be taken into account. The procedure is not 
completely risk-free and can produce complications ranging from infection 
to death. Risks and complications include the following: bleeding, infection, 
blood vessel injury, CSF leak. Some disadvantages for the surgeon also ex-
ist: diffi cult handling of the instruments, restricted maneuverability, diffi cult 
eye–hand coordination, learning curve. Despite these problems, it is certainly 

Keywords: neuro-endoscopy, approaches, techniques, skull base
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true that the advent of the endoscope has produced ripples of enthusiasm and 
progress in the fi eld of modern neurosurgery.

HISTORICAL BACKGROUND

The development of endoscopic neurosurgical applications can be traced back 
to the XIXth century and continues in the present awaiting the next coming 
revolution that will change the view to this era to be an intermediate one, while 
shifting to the really new era from the prospective of that revolution. As a mat-
ter of fact, Philipp Bozzini is considered the spiritual father of the endoscope 
[10]. He invented the fi rst simple model, the “Lichtleiter”, an eye piece and 
a mirror refl ecting a candle light, which he demonstrated in the year 1806. 
 Limited illumination and visualization together with painful application, yet 
it is always considered a breakthrough. More than 70 years later, around 1877, 
Max Nitze revolutionized the fi eld [15], using an optical system consisting of 
a train of lenses and a glowing platinum wire as a source of illumination [14]. 
He has been also the fi rst to consider the documentation ability of the endo-
scope via photography and the fi rst to apply cutting loops during endoscopic 
procedures, changing the view from diagnosis to intervention [15]. It has not 
been until the year 1910 for the endoscope to be applied in a neurosurgical 
procedure by Lespinasse [12], who operated upon two hydrocephalic infants 
applying a cystoscope for endoscopic choroid plexectomy [18]. Yet, Dandy is 
considered the father of neuroendoscopy. Concerning endoscopic third ven-
triculostomy, Mixter has been the fi rst to report such a procedure in 1923 [18]. 
In 1935, Scarff performed the procedure with novel instruments: he used an en-
doscope with irrigation system, advanceable cauterization and ventriculostomy 
tips.  Ventricular endoscopy started to gain land among few neurosurgeons who 
started to realize its benefi ts, considering the available facilities at that time.

It seems that the fi eld of endoscopy and particularly that of neuroendos-
copy entered then a stage of hibernation for more than two decades for many 
reasons, among them: inadequate illumination, poor image quality, advent of 
ventricular CSF shunting, last but not least, the birth of microneurosurgery 
in the early sixties of the last century offering more practical solutions for 
the endoscopic drawbacks, together with feasibility of approaching brain and 
skull base lesions through different novel trajectories.

Hopkins and Storz are credited for the renaissance of endoscopy [5]. 
Many technical advances lead to their innovative endoscope, “a Hopkins 
rod lens system with an external light source transmitted through incoherent 
glass fi bers attached to the telescope”, that has been shown for the fi rst time 
in 1967. It is worth clarifying that Hopkins invented his rod lens system in 
1959. Compared to the previous train of lenses system of Nitze, this system 
offered greater light transmission, a wider view, better image quality, and a 
smaller diameter for the system [5]. Two years earlier to Hopkins’s invention, 
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Hirschowitz, in 1957, developed the fi berscope. Karl Storz inspired these two 
main ideas. We have come fi nally to the modern form of the endoscope that 
has been applied since then with little if any new advances.

Technical advances in image capturing and processing also took part in 
the fi eld of endoscopy. Among them are the CCDs (charge-coupled  devices), 
which have been incorporated in the endoscopic systems, resulting in im-
proved image quality and decrease in size.

The modern era of neuroendoscopy can be identifi ed with the role of 
T. Fukushima, who in 1973 reported the use of a ventriculofi berscope as 
a new technique for endoscopic diagnosis and operation [11]. He was fol-
lowed in 1974 by Olinger and Ohlhaber, who used an eighteen-gauge mi-
croscopic-telescopic needle endoscope. Yet, it has not been until 1977, when 
Apuzzo et al. started to apply the concept of adjunctive endoscopy during 
the conventional microneurosurgical procedures. They reported the use of 
a side-viewing endoscope to control the angles hidden from the prospect of 
a microsurgical approach [1]. Again, due to the inferior image quality of the 
endoscopes compared to that of the surgical microscopes, this technique was 
not very popular. In the neurosurgical historic perspective, Apuzzo et al. [1] 
are credited for the concept of adjunctive endoscopy. During the eighties, 
neurosurgeons started to explore the extra capabilities of ventriculoscopy, 
both in diagnosis and interventions.

ENDOSCOPES

The endoscope offers three main advantages: (i) improvement of the illu-
mination because of a light source that brings the light in the surgical fi eld; 
(ii) better defi nition of the anatomical details because of the use of high-defi ni-
tion lenses and the closer view of the scope that allows an augmented defi nition 
of the details at the tumor–tissue interface; (iii) marked increase of the angles 
of visualization with the use of angled lenses, allowing to see in areas otherwise 
hidden to the microsurgical vision and giving a different perception of the anat-
omy. Thus, the endoscope can increase the precision of the surgery and permit 
the surgeon to differentiate different tissues, so that a selective removal of the 
lesion can be achieved. However, one of the current limitations of the modern 
endoscopes is that they provide a bidimensional image. The lack of stereoscopy 
can be overcome with training, though, with the multiangled vision, with the 
fi ne understanding of all the lights and shadows of the image, with fi xing the 
multiple landmarks during the operation and, in one word, with the knowl-
edge of the surgical anatomy that the endoscope has pushed again.

Currently, different types of endoscopes exist and are classifi ed either as 
fi ber-optic endoscopes (fi berscopes) or rod lens endoscopes. The endoscopes 
specifi cally designed for neuroendoscopy can be classifi ed into four types: 
(i) rigid fi berscopes, (ii) rigid rod lens endoscopes, (iii) fl exible fi berscopes, 
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(iv) steerable fi berscopes. These different endoscopes have different diame-
ters, lengths, optical quality, number and diameter of working channels, all of 
which vary with size. The choice between them should be made on the basis 
of the surgical indication and personal preference of the surgeon.

1. FLEXIBLE (STEERABLE) ENDOSCOPES

The properties of optic fi bers permit the steerable fi berscopes to orient the tip 
up and downwards (Fig. 1) [4]. The angle of bending varies in the different mod-
els. Modifying the orientation of the optical fi bers, the surgeon can orientate 
the instruments to reach all of the structures to visualize. This system makes 
looking and working around corners. The rigid part of the scope is attached to 
a mechanical or pneumatic holder. The diameter of the scope is usually between 
2.3 and 4.6 mm, depending upon the number of optic fi bers. The number of 
operative channels varies from one to three; the best device is the three-channel 
endoscope (one working channel for introduction of instruments and two in-
dependent channels for irrigation and aspiration). The diameter of the working 
channel is usually approximately 1.0 mm, allowing the introduction of 3-French 
(1 mm) different fl exible miniaturized instruments, such as scissors, grasping 
and biopsy forceps, monopolar electrodes and Fogarty balloon. A dedicated 
peel-away sheath is essential to introduce the endoscope to reach the target.

2. RIGID ROD LENS SCOPES

Rod lens endoscopes consist of three main parts: a mechanical shaft, glass 
fi ber bundles for light illumination, and optics (objective, eyepiece, relay  
system).

The angle of view of rod lens endoscopes ranges from 0° to 120°, accord-
ing to the objective, but objectives with an angle greater than 30°–45° are not 

Fig. 1. Example of fl exible endoscope
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very useful in neuroendoscopy. The 0° scope provides a frontal view of the 
 surgical fi eld and minimizes the risk of disorientation [17] and is generally 
used during the majority of the operation. The angled objectives offer addi-
tional advantages, allowing to look around the corners.

The rod lens rigid endoscope is commonly used through a sheath, con-
nected to a cleaning-irrigation system which permits cleaning and  defogging 
of the distal lens, thus avoiding repeated entrances and exits from the surgical 
fi eld. Preferably, the scopes used are without any working channel (diagnos-
tic endoscopes) and the other instruments are inserted sliding alongside the 
sheath and using the latter as a guide for the correct direction. The diameter of 
rod lens endoscope varies between 1.9 and 10 mm, but for endoneurosurgery 
usually endoscopes with a diameter of 2.7–4 mm are used. It is not advisable 
to use smaller endoscopes because the smaller the diameter of the lens, the less 
light it can transport. It has been estimated that for each 10% of increase of 
diameter there is a 46% percent increase in light transmitted, but endoscopes 
larger than 2.7 mm can be too bulky and requiring larger approaches.

3. ENDOSCOPIC INSTRUMENTATION

3.1 Video camera and monitor

In order to properly maneuver the instruments under fi ne control, the endo-
scope is connected to a dedicated video camera and the endoscopic images are 
projected onto a monitor placed in front of the surgeon. Additional monitors 
can be placed in varying locations in the operating room, as well as outside 
in the hallways or adjacent rooms, to permit other members of the team to 
watch the surgery.

Several types of endoscopic video cameras are available, the most  common 
of which utilize a 3-CCD sensor which provides a better color separation, 
more brilliant colors and a sharper image with higher contrast than the 1-CCD 
cameras, which process all three fundamental colors in one chip. Most mod-
ern endoscopic cameras are analog.

A further improvement of the resolution of both the video cameras and 
the monitors is represented by the high-defi nition (HD) technology, which 

Fig. 2. Example of rigid rod-lens endoscope, zero-degree and angled lenses
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is ready for the future 3-D endoscopes. The continuous improvements in en-
doscopic image quality offer tremendous visualization of the operative fi eld, 
of the lesion and its relationships with the surrounding anatomical structures. 
A full HD 16:9 fl at monitor (1080p, 60 Hz) needs to be coupled with the HD 
camera in order to visualize the HD images.

3.2 Light source

The endoscope transmits the cold light which arises from a source inside the 
surgical fi eld through a connecting cable made of glass fi bers. Currently, in 
endoscopic surgery xenon light sources are used. They have spectral charac-
teristics similar to those of the sunlight, with a color temperature of approxi-
mately 6000 K, which is “whiter” than the classic halogen light (3400 K). The 
power of the unit is commonly 300 W. The fl exible connecting cable is made of 
a bundle of glass fi bers that brings the light to the endoscope, virtually without 
dispersion of visible light [14]. Furthermore, the heat (composed by infrared 
light) is poorly transmitted by the glass fi bers, thus reducing the risk of burn-
ing the tissues.

3.3 Surgical instruments

For the endoscopic approach, the instruments need to be inserted along 
the same axis as the endoscope and need to maintain the same position 
with respect to the endoscope for their entire length. For this reason they 
need to be straight and not bayoneted. This is mainly due to two peculi-
arities of the endoscopic approach: (i) the visibility of only that which is 
beyond the distal lens of the scope and (ii) the panoramic and multian-
gled view afforded by the endoscope. With regard to the fi rst point, while 
the microscope produces magnifi cation from a distant lens, and light is 
transmitted from the lamp of the microscope to the surgical fi eld, so that 
the surgeon can follow the entrance of the instruments from the outside, 
the vision provided by the endoscope is maintained completely inside the 
surgical fi eld. The instruments are inserted blind in the surgical fi eld with 
the concomitant risk to injure the anatomical structures until the tip of 
the instrument becomes visible once it has passed beyond the distal lens, 
unless the endoscope is removed and inserted every time a different instru-
ment is used.

Since the introduction of the endoscopic approaches, new instruments 
have been designed that meet the following criteria [2, 3, 14]:

move easily and safely in a limited surgical corridor;• 
be well-balanced and ergonomic for safe handling, while avoiding any • 
confl ict between the surgeon’s hands, the endoscope and other instru-
ments that may be present in the same corridor;
allow the surgeon to work in every visible zone of the surgical fi eld • 
provided by the endoscope.
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3.4 Bleeding control

One of the most diffi cult and common problems of endoscopic surgery is the 
control of bleeding.

Monopolar coagulation is usually easy to obtain. However, bipolar co-
agulation is preferable, either alone or in association with hemostatic agents. 
Consequently, different dedicated bipolar forceps have been designed, with 
various diameters and lengths, which have proven to be quite effective in 
bleeding control.

Recently, the radiofrequency technology for either monopolar and bipo-
lar coagulation has been introduced. Radiofrequency instruments have two 
main advantages over the electric ones: the spatial energy dispersion with ra-
diofrequency is minimal, with concomitant minimal risk of injury to the sur-
rounding anatomical structures; radiofrequency bipolar forceps do not need 
to be used with irrigation or to be cleaned every time.

3.5 Video documentation

Documentation and storage of intraoperative images and movie clips is of 
increasing importance for education and documentation. Although video 
recording is not mandatory, having the possibility to document either still 
images or video clips of the surgical procedure is quite important for a series 
of reasons. It is possible to review the operation and, if any mistakes are 
made, learn and know how to avoid them in future; to obtain pictures for 
publication or produce video clips to teach residents, course attendees, etc.; 
to store the material in an electronic library; to use the material for legal 
purposes.

3.6 Other instruments

Modern neurosurgery, no matter if with microsurgical and/or endoscopic 
technique, uses special instruments and devices that are quite helpful even if 
not absolutely needed [4].

Image-guided neuronavigation systems are very useful for intraoperative 
identifi cation of the anatomic structures involved in the procedure. This is 
specially true in case of distorted anatomy due to a particular growth pat-
tern of the lesion which causes the classic landmarks being not easily iden-
tifi able. In such cases, neuronavigation can help to maintain the surgeon’s 
orientation.

Prior to performing sharp dissections or incisions and whenever the 
 surgeon thinks it is appropriate (especially while working very close to 
vascular structures), it is of utmost importance to use the microDoppler 
probe to insonate the major arteries. The use of this device, frequently 
used in endoscopic skull base surgery, should be recommended every 
time a sharp dissection is made, to minimize the risk of injury to major 
arteries.
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3.7 Preoperative planning

Preoperative radiological investigations are the same as for the microsurgi-
cal  approaches. They include magnetic resonance imaging (MRI), computed 
 tomography (CT), angiography, etc. These exams provide the neurosurgeon 
information about the peculiar anatomical conditions concerning the tumor 
itself and the bone and anatomical structures involved in the approach.

Such studies are important for the planning of the approach and the 
removal strategy and to be used with the image-guided surgery systems 
(namely, the neuronavigator).

ENDOSCOPIC TECHNIQUES AND INDICATIONS

Neuroendoscopy can be used to treat a variety of pathologies [3, 4]. The more 
frequent indications are obstructive hydrocephalus, intra-paraventricular le-
sions, intraneural cysts, multiloculated hydrocephalus marsupialization, col-
loid cysts, pituitary adenomas and skull base approach.

In most of the neurosurgical cases treated with neuroendoscopic tech-
nique, a single drill hole is need for the approach. The hole site and the path 
that the neuroendoscope follows through the cerebral parenchyma to reach 
the target vary in relation to the type of surgery and the location of the lesion. 
The preoperative magnetic resonance multiplanar images permit to set the 
exact position of the drill hole and the more convenient path.

1. ENDOSCOPIC THIRD VENTRICULOSTOMY

Endoscopic third ventriculostomy is the most used procedure in neuroendos-
copy [3, 4, 13]. By this technique, a communication between the anterior part 
of the third ventricle and the interpeduncular cistern is accomplished. Gen-
erally, the procedure is performed under general anesthesia; the endoscope is 
entered through a burr hole placed in front of the coronal suture, 2 cm away 
from the midline. The foramen of Monro is identifi ed with its anatomical land-
marks (choroid plexus, fornix, venous corner) (Fig. 3). Once the third ventricle 
is entered, through the foramen of Monro, the anatomical landmarks of the 
fl oor are recognizable: mammillary bodies, infundibular recess and the tuber 
cinereum (Fig. 4). The fl oor is perforated between the infundibular recess in 
front and the mammillary bodies behind. Then, the perforation is dilated by a 
Fogarty catheter. The interpeduncular cistern is entered with the endoscope to 
ascertain the existence of a good communication and the tip of the basilar artery 
comes under vision (Fig. 5). In case of some bleeding, bipolar coagulation, ir-
rigation and balloon dilatation can be used.

This technique is the method of choice in treating occlusive hydrocephalus 
due do stenosis of the aqueduct (Fig. 6). A prerequisite of a successful endo-
scopic third ventriculostomy is the patency of the distal liquoral pathways.
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2. COLLOID CYSTS

The choice of endoscopy as treatment modality depends on the adequacy of 
the surgeon experience and skill and the adequacy of the endoscopic equip-
ment. The surgical technique is briefl y reported [3, 4, 9]. The endoscope is 
inserted in the lateral ventricle of the non-dominant hemisphere through a 
burr hole in front of the coronal suture. The colloid cyst is usually identifi ed 
fi lling the foramen of Monro (Fig. 7); the cyst wall is coagulated, punctured 
and opened as widely as possible in order to aspirate the colloid material. 
The capsule of the cyst is elevated from the fornix, coagulated and removed. 

Fig. 3. Endoscopic view of the right foramen of Monro. The choroid plexus and the venous 
corner (septal vein and thalamo-striate vein) are recognizable. FM Foramen of Monro; CP 
choroid plexus; SV septal vein; TSV thalamo-striate vein

Fig. 4. Endoscopic view of fl oor of the third ventricle seen as soon as the foramen of Monro 
is entered. The landmarks formed by the mammillary bodies (MB) and the tuber cinereum 
(TC) are recognizable
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In case it is strictly adherent to the surrounding vital structures, the remnant 
must be left in place to avoid complications.

The treatment is successful in 60–90% of cases treated by endoscopy 
(Fig. 8). The unsuccessful cases can be retreated by neuroendoscopy or by a 
transcranial approach.

Fig. 5. Endoscopic view of the interpeduncular cistern after the endoscopic third ventriculo-
stomy has been performed. The basilar artery (BA) and the anterior surface of the pons (P), 
together with the clivus (C) are recognizable

A B

Fig. 6. Pre-operative (A) and post-operative (B) axial MRI of a case of a supratentorial hydro-
cephalus treated by endoscopic third ventriculostomy



41

ENDOSCOPY: PRINCIPLES AND TECHNIQUES

3. ARACHNOID CYSTS

Endoscopy is one of the multiple surgical strategies in the management of 
symptomatic arachnoid cysts. It aims for neuroendoscopic reduction of the 
cyst by establishing a communication between the cyst and the CSF pathway 
(Fig. 9). To avoid the closure of the stomy following the procedure, a large 
opening and the removal of fragments of the cyst wall as widely as possible 
are absolutely required. In order to improve the results, particularly when the 
cyst is associated with hydrocephalus, an association between fenestration 

A B

Fig. 7. A Endoscopic view of a colloid cyst of the third ventricle protruding through the 
foramen of Monro. B The same case after the cyst emptying and capsule resection. Asteri-
sk: cyst capsule; arrowhead: third ventricle seen through the foramen of Monro after the 
removal of the cyst

A B

Fig. 8. Pre-operative (A) and post-operative (B) axial MRI of a case of a colloid cyst of the 
III ventricle
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of the cyst into the ventricle and opening of the ventricle into the cistern has 
been proposed.

Control of the cyst size and clinical symptoms are usually obtained, using 
this procedure, in 71–81% of cases [3, 4].

4. ENDOSCOPIC ENDONASAL TECHNIQUE

The endoscopic endonasal approach to the sellar region is a recent evolution 
of the conventional transsphenoidal technique performed with the operating 
microscope. This method can be designated as “pure” pituitary endoscopy 
and not only as a complement to the microscopic intervention – the term 
“pure” being applied to a surgical procedure in which the endoscope is the 
only optical device being used.

The endoscopic endonasal transsphenoidal approach to the sella is per-
formed via an anterior sphenoidotomy, through the enlargement of the natu-
ral sphenoid ostium, with a rigid diagnostic endoscope, and without the use 
of a transsphenoidal retractor. Three main steps make up this surgical proce-
dure: nasal, sphenoidal and sellar [7].

During the nasal step the endoscope (18 cm in length, 4 mm in diameter) 
is inserted in the chosen nostril up to the middle turbinate. The endoscope is 
then advanced inside the nasal cavity up to the choana and along its roof, in 
the sphenoethmoid recess, until the natural sphenoid ostium is reached.

The sphenoid step starts with the coagulation of the sphenoethmoid re-
cess and the detachment of the nasal septum from the sphenoid prow using a 

Fig. 9. Schematic drawing of the technique of fenestration of a paraventricular 
 arachnoid cyst
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microdrill. Once the anterior wall of the sphenoid sinus is exposed on both 
sides, it is removed all around with different bone punches.

During the sellar step, the endoscope can be held by a second surgeon in 
order to free both the surgeon’s hands. Alternatively a longer scope (30 cm in 
length, 4 mm in diameter) can be used and fi xed to an autostatic holder. The 
sellar fl oor is opened and the dura incised with a telescopic blade. The sellar 
lesion is then removed with different curettes depending on the size and posi-
tion of the pituitary tumor (Fig. 10). After lesion removal the sellar fl oor is 
repaired, when necessary, with different autologous or heterologous or syn-
thetic materials, according to the common guidelines.

The main advantages of the endoscopic procedure arise from the absence 
of the nasal speculum and from the use of the endoscope that discloses its bet-

A B

C D

Fig. 10. Pre-operative (A, C) and post-operative (B, D) contrast-enhanced sellar MRI of a 
case of intra-suprasellar pituitary macroadenoma
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ter properties, permitting a wider vision of the surgical fi eld, with a close-up 
“look” inside the anatomy. The whole procedure is less traumatic. No post-
operative nasal packing is necessary thus improving signifi cantly the patient’s 
compliance [6].

With this standard transsphenoidal approach, however, it is diffi cult to 
provide complete visualization of the extrasellar lesions. To overcome this 
limitation, modifi cations of the approach have been developed for the re-
moval of such lesions. The so-called extended transsphenoidal approach is a 
modifi cation of the standard one, allowing for additional bone resection of 
cranial base to reach several areas from the “crista galli” to the craniocervical 
junction. This approach has become an alternative to transcranial surgery for 
several skull base tumors, such as suprasellar meningiomas (Fig. 11), cranio-
pharyngiomas, clival chordomas, etc. [8].

A B

C D

Fig. 11. Pre-operative (A, C) and post-operative (B, D) contrast-enhanced sellar MRI of a 
case of suprasellar (tuberculum sellae) meningioma
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ADVANTAGES AND RESTRICTIONS

The endoscope in neurosurgery is increasingly used as a minimally invasive 
treatment of a wide spectrum of intracranial pathologies [3, 4]. That refl ects 
the current tendency of modern neurosurgery to aim towards minimalism, 
allowing for a less invasive treatment of neurosurgical pathologies. Endo-
scopic procedures encourage excellent compliance on the part of the patients, 
particularly those already operated on by a transcranial approach, who can 
compare the two experiences and appreciate the reduced postoperative dis-
comfort. Often, through a single burr hole it is possible to manage several 
lesions through anatomical cavities. In such a way, obstructive hydrocepha-
lus, intracranial cysts and some small intraventricular tumors can be easily 
removed. Concerning the use of the endoscope in transsphenoidal surgery, 
the wider vision offered by this device, not only of the sellar cavity but of 
the whole sellar and parasellar areas (clivus, planum, sphenoidale) and also 
around the sphenoid sinus (pterygo-maxillary fossa and cervico-medullary 
junction) caused an enlargement of the indications and of the extension of this 
approach, thus demanding new and more effective and sophisticated instru-
ments to safer manage new situations [8].

Beside the many advantages provided by the use of the endoscope in neu-
rosurgery, there are several limitations which should be not underestimated: 
(i) there is a steep learning curve before becoming confi dent with the pecu-
liar neuroendoscopic anatomy; (ii) the initially reduced ability makes opera-
tive times longer (several hours during the fi rst attempts); (iii) the endoscope 
provides bidimensional, fl at images that are inferior to the three-dimensional 
images provided by the microscope; (iv) the endoscope offers vision on the 
video-monitor without the sense of deepness that can be gained with the 
surgeon’s experience, executing in-and-out movements; (v) dedicated instru-
ments, such as microforceps, microscissors, mono- and bipolar coagulation, 
ad hoc designed are absolutely essential; (vi) the bleeding control, either ve-
nous and arterial, may be diffi cult to obtain.

HOW TO AVOID COMPLICATIONS

Reducing the complication rate to 0% is a goal that is most of the times quite 
diffi cult to obtain. More realistic are the efforts towards minimizing the com-
plications, specially the major ones, to an acceptable rate. In order to accom-
plish such task, several tips can be used and several tricks can be avoided.

The fi rst important recommendation is to dedicate time and efforts 1. 
to perform anatomical dissections and attend hands-on workshops to 
become confi dent with the surgical anatomy, fi x the landmarks, learn 
how to handle the instruments and the endoscope, etc.
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Play video games. In fact, it has been demonstrated that playing video 2. 
games improves the eye–hand coordination, which is basic in endo-
scopic surgery.
Learn from the others’ experience and try to avoid the complications 3. 
already described.
Avoid quick movements in proximity to the surgical target.4. 
The correct function of each component must be always checked be-5. 
fore surgery.
Two complete sets of each endoscopic component should be available 6. 
for each operation.
Work bimanually during the crucial steps of the endonasal procedure.7. 

CONCLUSIONS

It is certainly true that the advent of endoscopy has produced ripples of en-
thusiasm and progress similar to those seen when a sizable stone is thrown 
into a relatively quiescent pound [6]. It is imperative that young neurosur-
geons and residents become familiar and comfortable with the endoscopic 
techniques and hopefully they can contribute to the evolution and develop-
ment of these surgical methods which are currently on their way. Despite the 
many advantages which have been clearly outlined previously, the endoscope 
has also many features that are currently suboptimal because of the cumber-
some nature of the endoscopes themselves and of the lack of intelligently 
designed appropriately miniaturized instruments to complete the use of this 
wonderful viewing tool.
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IMAGE-GUIDED RADIOSURGERY USING 
THE GAMMA KNIFE

L. D. LUNSFORD

INTRODUCTION

Image guided brain surgery became a reality in the mid-1970s after the intro-
duction of the fi rst methods to obtain axial imaging using computed tomog-
raphy (CT) [9]. The recognition of cranial disease much earlier in its clinical 
course prompted the need for concomitant minimally invasive technologies 
to both diagnose and to treat the newly recognized brain tumors and vascular 
malformations. Subsequently, the development of magnetic resonance imag-
ing (MRI) spurred further interest in accurate, safe, and effective guided brain 
surgery. Stereotactic radiosurgery (SRS) was the brain child of the pioneering 
brain surgeons, Lars Leksell and Erik-Olof Backlund at the Karolinska Insti-
tute [4, 5]. Stereotactic guiding devices were adapted to newly evolving imag-
ing techniques, ranging from encephalography to angiography, CT, and MRI. 
These new techniques prompted further evaluation of stereotactic radiosur-
gery, a fi eld envisioned by Leksell in 1951. His concept that ionizing radia-
tion could be cross fi red to destroy or inactivate deep brain targets without a 
surgical opening proved to be an enormous step forward in minimally inva-
sive surgery. Under the watchful eye of Leksell, Gamma knife technologies 
gradually expanded in their role and their usage exploded across the fi eld of 
neurosurgery [1–3, 6–13].

Our efforts at the University of Pittsburgh began in 1987 with the intro-
duction of the fi rst 201 source Cobalt-60 Gamma knife, which was the fi fth 
unit manufactured worldwide [7]. Since that time, more than 9000 patients 
have undergone Gamma knife radiosurgery at the University of Pittsburgh 
Medical Center. Our efforts fi rst began with usage of the original U unit. 
Since 1987 we have introduced each successive generation of the Gamma 
knife, starting with the B unit, the robotic assisted C unit, the 4C unit which 
advanced software capabilities, and the next generation and fully robotic Per-
fexion® Gamma knife (Fig. 1). Continuing incorporation of new imaging tech-
niques, advanced long-term outcome studies, and multi-disciplinary care have 
facilitated the incorporation of Gamma knife radiosurgery into its  application 
to more than 10% of patients undergoing neurosurgical cranial procedures at 
our center. Radiosurgery has refi ned the role of more invasive surgical tech-

Keywords: radiosurgery, Gamma knife, image guided radiosurgery
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niques and promoted better patient outcomes. When microsurgical brain sur-
gery is incomplete because of the location or nature of the tumor, subsequent 
radiosurgery facilitates the ultimate goal: reduced morbidity, better clinical 
outcomes associated with long-term prevention of tumor growth, oblitera-
tion of vascular malformations, or non-invasive lesion creation in patients 
with movement disorders, chronic pain, or epilepsy.

RATIONALE

Stereotactic radiosurgery represents the penultimate model of image-
guided and minimally invasive brain surgery. Using stereotactic guiding 
devices coupled with high resolution CT, MRI, positron emission tomogra-
phy (PET) or magnetic source imaging, we can target  critical brain struc-
tures. Decision making related to the role of radiosurgery has expanded 
during the more than 20 years of experience since its potential was fi rst 
tested. Long-term outcome studies have confi rmed the benefi ts of radiosur-
gery as a primary therapeutic option for many primary brain tumors, 
especially those of the skull base, and brain metastases, as well as various 
functional neurosurgery indications such as trigeminal neuralgia, essential 
tremor, obsessive compulsive disorders, and mesial temporal lobe epilepsy. 
SRS has a major role in the adjuvant treatment of subtotally removed tumors 
of the skull base, selected glial neoplasms, and residual or recurrent pitu-
itary tumors. For surgeons involved in the use of SRS, a different goal of 
patient management was needed: tumor control as opposed to tumor elimi-
nation plus patients with a stable or improved neurological examination.

Extensive studies at our center and many others have confi rmed the role of 
Gamma knife radiosurgery in the management of many benign skull base tu-

Fig. 1. The Leksell Perfexion Gamma Knife
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mors such as acoustic and other non acoustic neuromas, meningiomas, and 
pituitary tumors. Its use in the primary cost effective care of patients with 
metastatic cancer to brain is now well established [1, 13]. SRS is successful in 
the care of the majority of patients with brain metastases that are not associ-
ated with  extensive mass effect at the time of clinical recognition. Finally, 
emerging indications for radiosurgery include management of epilepsy, a re-
surgence of interest in medically refractory behavioral disorders, and even in 
the potential treatment of patients with obesity. All discussions related to the 
role of radiosurgery are based on an analysis of the risks or benefi ts of obser-
vation, alternative surgical techniques, the potential role of fractionated radia-
tion therapy and chemotherapy (for malignant tumors) in comparison to what 
defi ned benefi ts of SRS are feasible. A typical decision making analysis is 
shown in Fig. 2 relative to the management of arteriovenous  malformations.

1. THE TECHNIQUE OF GAMMA KNIFE STEREOTACTIC RADIOSURGERY

Patients are evaluated during clinical consultation, at which time we review all 
pertinent imaging studies. Such studies generally include high resolution MRI 
for tumors or in preparation for functional procedures. For patients with vas-

Fig. 2. A decision tree for selection of management options for patients with arteriovenous 
malformations. Similar decision tree analyses that can be used for skull base tumors, brain 
metastasis, and trigeminal neuralgia are available via the internet on the National Guidelines 
Clearinghouse
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cular lesions, angiographic studies are critical as well. The patient is screened 
for the appropriate management for radiosurgery relative to other therapeutic 
options, and the risk–benefi t ratio of radiosurgery is explained. Patients with 
benign brain tumors are evaluated by watchful waiting if they are asymptom-
atic, but indications for radiosurgery are clear when either documented tumor 
growth or new neurological symptoms or signs develop. However in certain 
cases the natural history of a particular disorder is clear enough to warrant 
intervention. For example, patients with small incidentally found arterio-
venous malformations have a reasonably well defi ned natural history of bleed-
ing over many years. In such cases SRS has a high success rate over several 
years as determined by obliteration potential and risk avoidance [2, 10, 11].

The risk of SRS for most AVMs can be projected as signifi cantly lower than 
the natural history risk; such risks can be related to the location, AVM volume, 
and the dose delivered (which helps in turn to predict the adverse radiation 
effect risk in individual patients). For patients with suspected benign tumors 
with typical imaging characteristics such as meningiomas or acoustic neuro-
mas, histological diagnosis is not necessary. For patients with atypical imaging 
defi ned characteristics, such as a pineal region tumor, histological diagnosis is 
often critical to recommend an appropriate treatment option. In such cases 
stereotactic biopsy may be the ideal method to determine the histology. Since 
we use the same stereotactic system for both open stereotactic surgery as we 
do in radiosurgical cases, in selected cases a patient may undergo diagnosis and 
treatment in the same sitting. This requires excellent neuropathological exper-
tise to confi rm the clinical suspicion during the procedure itself.

Radiosurgery has primary indications in the management of arterio-
venous malformations unsuitable for microsurgical intervention, a primary 
management role in the care of skull base tumors such as acoustic neuromas 
and meningiomas, an adjuvant role in the management of most patients with 
pituitary tumors, and a primary role in the management of metastatic can-
cer to the brain. Additional adjuvant roles include boost radiosurgery in 
patients who have malignant glial neoplasms that have progressed despite 
prior management.

DECISION-MAKING

Indications and results are briefl y summarized below.

1. ARTERIOVENOUS MALFORMATIONS

At our center, 1300 patients with vascular malformations of the brain have 
undergone radiosurgery in a 21 year interval. In properly selected patients, 
the goal of obliteration can be achieved in between 70–95% of patients, de-
pending on the volume and the dose that can be delivered safely. Radiosur-
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gery is especially valuable for deep-seated AVMs for which there is no other 
microsurgical option. At the present time, embolization strategies as part of 
the spectrum of options for arteriovenous malformations facilitates fl ow re-
duction but not volume reduction. Because of this, its role in preparation for 
conventional stereotactic radiosurgery has remained controversial. In the fu-
ture, embolization strategies that facilitate the radiobiological response of 
subsequent radiosurgery may be more benefi cial. For dural vascular malfor-
mations, radiosurgery followed immediately by embolization of the fi stulous 
connections is a better staged strategy that provides both short term (early 
embolization benefi t) and long-term response (as the radiosurgical oblitera-
tive response develops). SRS needs to precede the embolization so that the 
entire target can be visualized.

At our center we preferentially place the stereotactic frame, target the du-
ral AVM using MRI and angiography, perform SRS, and immediately return 
the patient to the interventional suite with a femoral sheath in place to com-
plete the embolization procedure.

Cavernous malformations that have bled twice and are located in deep 
seated brain locations respond to radiosurgery with a slow reduction in 
their subsequent bleeding rate, within a latency interval generally of ap-
proximately two years. Our studies have confi rmed that once a patient has 
bled twice from a cavernous malformation, the annual rate of a third or ad-
ditional bleeds may be as high as 33% per year. After two years, the annual 
bleed risk diminishes to less than 1% per year. Developmental venous 
anomalies, which are often seen adjacent to cavernous malformations are 
never treated by SRS. Occlusion of these aberrant venous drainage channels 
runs the risk of venous infarction.

2. SKULL BASE TUMORS

More than 1300 acoustic neuromas have undergone radiosurgery at our cen-
ter. Over the course of the last 20 years, radiosurgery has become a primary 
management strategy for small to medium sized acoustic neuromas, achieving 
facial nerve preservation rates in virtually all patients, a 50–70% chance of 
preservation of hearing levels, and a rapid return to pre-radiosurgical em-
ployment and lifestyle. The long-term tumor control rate is 98% in patients 
who undergo radiosurgery with doses of 12–13 Gy at the tumor margin [12]. 
Highly conformal and selective radiosurgery is possible using the Gamma 
knife which allows this procedure to be done in a single session with precise 
intracranial guidance and stereotactic head frame fi xation (Fig. 3).

Skull base meningiomas similarly can be treated, and have responded well. 
In a series of more than 1000 meningiomas treated over the last 21 years long-
term tumor growth control rates are achieved in more than 95% of patients 
with low grade meningiomas [3]. Radiosurgery is an adjuvant management 
strategy for patients with more aggressive Grade II or malignant Grade III men-
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ingiomas, but such tumors require multimodality management. Outcomes may 
require multiple surgical procedures, SRS, and fractionated radiation therapy.

Pituitary adenomas are generally managed fi rst by transsphenoidal resec-
tion. However, for tumors that are recurrent or residual after surgery, or lo-
cated primarily de novo in the cavernous sinus, Gamma knife radiosurgery 
may be a primary option. It is very effective in preventing tumor growth 
control, but higher doses are necessary to achieve endocrine relapse for pa-
tients who have endocrine active tumors such as growth hormone or ACTH 
secreting tumors. With current highly conformal and selective dose planning 
techniques, pituitary radiosurgery is possible immediately adjacent to the op-
tic chiasm – as long as the dose to the optic apparatus is kept below 8–10 Gy 
in a single procedure. SRS also has a very important role in the management 
of other lower skull base tumors, especially tumors involving the jugular 
bulb, the trigeminal nerve, and as an adjuvant management in the treatment of 
aggressive chondrosarcomas or chordomas of the skull base.

3. METASTATIC CANCER

In 2500 patients who have undergone radiosurgery for metastatic cancer, we 
have found that long-term tumor growth control rate can be achieved in most 

Fig. 3. Dose plan for an acoustic neuroma



55

IMAGE-GUIDED RADIOSURGERY USING THE GAMMA KNIFE

patients without the need for invasive brain surgery. Depending on the tumor 
primary, long-term tumor control rates are achieved between 67 and 95% of 
patients [1]. Most patients now die of systemic disease rather than intracra-
nial progression, a major shift in the paradigm of management of metastatic 
cancer affecting the brain. SRS has additional major benefi ts in comparison to 
other conventional therapies. As a single day procedure, during which mul-
tiple brain metastases can be treated, it does not delay the concomitant use of 
chemotherapy or radiation techniques that are needed to improve control of 
the systemic cancer.

We have not detected major differences in survivals in patients with one to 
four brain metastases. Long-term survivals have been confi rmed in breast, lung, 
renal, and melanoma metastatic disease, especially when control of systemic 
disease is obtained. For patients with non small cell lung cancer with a solitary 
brain metastasis, median survivals often exceed two years. We cannot confi rm 
that additional fractionated external beam radiation therapy improves survival, 
because repeat SRS is used for salvage management if new brain disease de-
velops. For patients with long-term survival potential, elimination of the late 
cognitive disorders after whole brain radiation therapy is highly desirable.

Surgical removal is necessary for patients with large metastatic tumors 
who have symptomatic mass effect at the time of presentation. Tumor bed 
radiosurgery can be used to treat the peritumoral cavity in order to reduce 
the risk of delayed local recurrence as well as to avoid the long-term risks of 
whole brain radiation therapy. The new Perfexion model Gamma knife is an 
ideal tool for the treatment of multiple brain metastases scattered in widely 
different areas of the brain.

4. GLIAL NEOPLASMS

At our center more than 700 patients have been treated for brain gliomas 
ranging from Grade I to Grade IV. SRS can be considered as a primary man-
agement strategy for residual or recurrent primarily solid pilocytic astrocyto-
mas. It is especially valuable for patients without cystic changes and achieves 
local control in more than 85% of patients. SRS is an alternative option for 
the management of small volume, sharply bordered Grade II tumors (astro-
cytomas and oligodendrogliomas). Such tumors are defi ned with high defi ni-
tion MRI using both contrast enhanced T1 and T2 studies. SRS is considered 
as an adjuvant strategy to provide boost radiation in patients with malignant 
gliomas, generally those patients who have failed conventional management 
with surgery, radiation and chemotherapy.

5. FUNCTIONAL NEUROSURGERY

Gamma knife SRS, which facilitates application of small volume, very pre-
cise lesions within the brain, has been used effectively in more than 800 
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patients with trigeminal neuralgia at our center. Long-term results indicate 
that 70–90% of patients achieve pain control. Results are best for patients 
who have failed medical management for typical trigeminal neuralgia, but 
who have not failed a prior surgical procedure. The typical dose is 80 Gy 
using a 4 mm collimator to focus the beams at the root entry zone of the 
trigeminal nerve as defi ned by volumetric MRI, including 1 mm T2 volume 
slices to defi ne the nerve. In selected cases CT imaging is used to defi ne the 
nerve if the patient cannot have an MRI because of prior surgery or other 
medical issues such as a prior pacemaker placement. The latency until pain 
relief is between a few days and several months, during which time medi-
cines are slowly tapered as pain control is achieved. SRS can be repeated for 
patients who develop a relapse. Trigeminal radiosurgery is most often used 
for patients with typical trigeminal neuralgia who are elderly or have medi-
cal co-morbidities that make them poor candidates for microvascular de-
compression. We prefer SRS to percutaneous pain management strategies as 
an initial treatment for appropriate patients because it has a high success 
rate and a low risk of delayed trigeminal sensory loss (less than 10% of pa-
tients develop changes in facial sensation).

Since its fi rst development of radiosurgery in 1967, the Gamma knife has 
been used to create selective deep seated brain lesions for advanced move-
ment disorders, especially essential tremor. Typically a radiosurgical dose of 
120–140 Gy is delivered to the ventrolateral nucleus of the thalamus as iden-
tifi ed by high resolution MRI. As a closed skull procedure physiological 
confi rmation of the anatomically defi ned target is not possible. If bilateral 
symptoms are noted, we typically wait at least one year before proceeding 
with a contralateral thalamic lesion. Since the procedure does not require re-
versal of anticoagulants or antiplatelet agents, GK SRS is especially valuable 
for patients not eligible for deep brain stimulator implantation. The interval 
for full lesion development is typically 3–6 months.

Leksell originally proposed development of the Gamma knife in order to 
create 4–6 mm lesions in the anterior internal capsule in patients with ad-
vanced medically refractory behavioral disorders such as severe anxiety neu-
roses and obsessive-compulsive disorders. New investigative techniques are 
under evaluation for the possible role of radiosurgery for temporal lobe epi-
lepsy and for chronic obesity (ventrolateral hypothalamotomy). At present 
both animal models and patient experience indicate that radiosurgery for me-
dial temporal lobe epilepsy achieves comparable Engel class I results to mi-
crosurgical hippocampectomy, with a latency of about one year until the full 
effect occurs.

SURGICAL TECHNIQUE

The patient is brought into the hospital as an outpatient and given mild 
intravenous conscious sedation using Medazaolam and Fentanyl. Under 
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local  anesthesia (a mixture of marcaine and xylocaine), the Leksell Model G 
stereotactic head frame is attached to the head using titanium pins. Appro-
priate frame shifting is based on the location of the target. Frame shifting is 
less important using the new Perfexion Gamma Knife which facilitates 
treatment of patients with lesions scattered throughout the brain or even in 
the inferior skull base and paranasal sinuses. We currently use both the 
Leksell 4-C and Leksell Gamma Knife  Perfexion Units, which maximizes 
the precision and appropriate robotic positioning. Patients subsequently 
undergo high resolution imaging, most commonly MRI or CT for patients 
ineligible to have an MRI scan. Lower skull base lesions have generally 
both MRI and CT imaging performed (Fig. 4). Image fusion is used fre-
quently for enhanced recognition of selective targets. Using the new 
Perfexion unit, extracranial disease can be treated effectively. Dose plan-
ning is performed using high speed workstations, and fi nal treatment deci-
sions are made by an experienced medical team including neurological 
surgery, radiation oncology and medical physics. Extracranial disease may 
also require consultation with appropriate colleagues in otolargyngology 
or head and neck surgery.

Fig. 4. Patient with metastatic melanoma tracking via the trigeminal nerve from the maxil-
lary sinus region to the cavernous sinus. This patient had already failed local radiation and 
immune therapy
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Dose selection is based on extensive experience published throughout 
the world’s literature. The maximal dose, marginal dose, and  isodose select-
ed to cover the margin are based and modifi ed by the histological diagnosis, 
the expected radiobiological response, the volume, and the location of the 
target.

HOW TO AVOID COMPLICATIONS

After undergoing Gamma knife radiosurgery, patients are discharged on the 
day of the procedure. Other than mild headache after stereotactic frame re-
moval, patients are able to resume their regular activities immediately. The 
risk of long-term adverse radiation effects (ARE) are related to lesion type, 
location, volume and dose. The development of intra- or perilesional reactive 
changes vary in individual patients, but may take 3 to 18 months to be de-
tected. For AVMs we have found that the risk of MRI signal changes with or 
without associated neurological signs can be predicted on the volume of brain 
receiving 12 Gy or more, a volume outside of the isodose volume that con-
forms to the AVM target. This volume typically receives a dose of 18–23 Gy. 
The risk of ARE are directly related to this volume and the location of the 
AVM. As expected, AVMs located in the brainstem or basal ganglia (adjacent 
to the internal capsule) are more likely to have either temporary or permanent 
new neurological symptoms. Prior exposure to radiation may also increase 
the chance of subsequent ARE after radiosurgery. It is also estimated that 4% 
of the normal population may have special sensitivity to radiation, and are 
therefore more likely to suffer ARE. Typical imaging sequences performed 
on most patients include scans at six months, one year, two years and four 
years for assessment of response. Both tumor growth control is assessed as 
well as the risk of developing peritumoral reactive changes. Such changes may 
have minimal contrast enhancement but prolonged T2 signal changes com-
patible with edema formation. Such patients are treated with a brief course of 
corticosteroids.

Long-term risks of radiation necrosis are detected by serial imaging. To 
date, no additional imaging technologies including PET or SPECT has been 
particularly useful in sorting out tumor response versus  radiation injury. For 
patients who have long-term effects suggestive of radiation injury after a cor-
ticosteroid trial of approximately two weeks, we try to switch patients to a 
combination of oral vitamin E and Trental. This is continued for approxi-
mately three months. Long-term risks published in our experience suggests 
that the risk of adverse radiation effects range from 3–10%. We have found 
that certain indications have a higher risk of ARE. For example, cavernous 
malformations have a higher risk of ARE at doses that do not have such risks 
when an AVM is treated. We suspect that chronic iron deposition in the gli-
otic brain surrounding the cavernous malformation may serve as a radiation 
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sensitizer. When a dose reduction was instituted for cavernous malforma-
tions, the ARE risk declined substantially.

The ability to minimize risks can best be enhanced by highly conformal 
and highly selective treatment plans and selection of the appropriate dose, 
modifi ed by the volume and the radiobiological response. Fortunately, mul-
tiple outcome studies have now confi rmed the necessary doses that are re-
quired to achieve the overall radiobiological goal. Over the course of 20 years, 
a gradual dose de-escalation strategy has signifi cantly reduced complications. 
It is likely that further dose de-escalation will have an adverse effect in terms 
of long-term tumor growth control, and therefore it is likely that in the fu-
ture, to enhance tumor response for more aggressive tumors, a gradual dose 
escalation study will be necessary.

CONCLUSIONS

Stereotactic Gamma knife radiosurgery based on a discussion of comprehen-
sive selection options and precise high resolution intraoperative management, 
is a critical component of modern neurosurgery. It is estimated that 10% of 
all neurosurgery, and as much as 15–20% of all intracranial brain surgery can 
be most safely and best performed using stereotactic radiosurgical techniques. 
The Gamma knife represents a technology which has been applied in more 
than 500,000 patients worldwide, with more than 400 outcome studies pre-
sented from our center alone over the last 20 years. Proper patient selection, 
review of appropriate treatment options, and a risk–benefi t analysis are criti-
cal in the selection of any neurosurgical procedure. Radiosurgery using the 
Gamma knife represents an important technology that is now fi rmly estab-
lished in the fi eld of contemporary brain surgery.
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HOW TO PERFORM SURGERY FOR 
INTRACRANIAL (CONVEXITY) MENINGIOMAS

P. M. BLACK

INTRODUCTION

Convexity meningiomas are important tumors historically and in contemporary 
neurosurgery. Felix Plater provided their fi rst recognizable description in 1614 
and the fi rst successful surgical removal was by Pecchioli in Siena in 1847 [10]. It 
was Cushing in 1922 who decided to group many previous men ingeal tumors 
under the general name “meningioma”. In the 1920s, Cushing also established 
techniques for their removal that became the standard for these tumors. Walter 
Dandy, Leo Davidoff, Colin McCarty, Lindsay Simon, Jacques Philippon, 
Giovanni Broggi, Charles Wilson, Ossama Al-Mefty, Robert Ojemann, and 
many others are among the surgeons who have carried forward the understand-
ing of their optimum care in the twentieth century [1]. In the last decade, im-
proved imaging, navigation, and concepts of minimally invasive surgery have 
begun to create a quiet revolution in the management of these tumors [2].

RATIONALE

1. Goal of management. The goal of management is to relieve brain compres-
sion without damaging cortical veins or compressed cortex and to prevent 
recurrence of tumor.

2. Location and anatomy. Convexity meningiomas originate in the me-
ninges of the cerebral hemispheres; they constituted 51% of the author’s 
series of 807 meningiomas [1]. It is historically believed that they arise from 
arachnoid cap cells. The arachnoid layer is often intact, making their removal 
from eloquent cortex possible without defi cit; however, for large meningi-
omas or for atypical and anaplastic meningiomas, there may be signifi cant 
disruption of the arachnoid and adherence or invasion to the brain tissue. 
These tumors may often be very large before they are detected. They produce 
symptoms by compression of the brain under them – if above motor cortex, 
contralateral weakness; for vision, visual fi eld loss; for frontal or temporal 
speech areas, aphasia. They also may cause seizures.

Keywords: intracranial tumors, meningiomas, convexity meningiomas, 
microsurgery
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DECISION-MAKING

1. DIAGNOSIS

The diagnosis of a convexity meningioma is usually made by CT or MRI 
scanning. Contrast material is necessary to see the tumor appropriately – 
without contrast, it may be almost invisible as its signal characteristics are 
very similar to those of the brain. Meningiomas are dural-based lesions with 
well-circumscribed margins that indent the brain but do not invade it. They 
are very characteristic but may occasionally be mimicked by a dural-based 
metastasis or even infl ammation such as sarcoidosis. They may cause signifi -
cant hyperostosis of overlying bone, a feature that confi rms meningioma as 
the diag nosis (Fig. 1). Other  imaging modalities do not contribute signifi -
cantly to the routine diagnosis. If there is an important differential with me-
tastasis, however, PET scanning with somatostatin receptors can establish 
the diagnosis defi nitively.

2. INDICATIONS FOR SURGERY

The major therapeutic options for convexity meningiomas are to observe or 
remove them. Unlike some skull base meningiomas, radiation including ra-
diosurgery is not usually considered an option in the primary care of these 
tumors. An exception may be in an elderly patient with severe medical prob-
lems contraindicating surgery. Many convexity meningiomas, especially in 
patients over the age of 65, can simply be observed. There is about a 35% 
chance that they will grow over a fi ve-year period [13]. Our general approach 
is to observe many convexity meningiomas as the fi rst treatment; however, 

Fig. 1. Convexity meningioma which has also eroded through bone
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there are certain conditions which indicate that surgery should be done as the 
initial step.

Indications for surgery at our center are as follows:

 1. Symptoms attributable to tumor compression
 2. Demonstrated growth with sequential scans
 3. Size over 4 cm diameter
 4. Apparent invasion of brain
 5. Signifi cant peritumoral edema
 6. Patient preference
 7. Need for diagnosis

Our decision-making algorithm is as follows:

3.  PREOPERATIVELY, THERE ARE SEVERAL TESTS THAT SHOULD BE DONE 
AND QUESTIONS THAT SHOULD BE ANSWERED

 1.  Do I have the imaging I need? Can I see the veins around the tumor 
on the MRI? Is the MRI an appropriate scan for navigation? (We have 
found that a navigation system is extremely helpful for minimally 
invasive resection of these lesions including bone fl ap planning and 
identifi cation of veins.)

 2.  Should embolization be carried out preoperatively? (In general, we 
embolize only very large or apparently very vascular tumors, fewer 
than 5% of our convexity meningiomas.)

 3.  Is the patient medically stable and are the patient’s blood tests includ-
ing coagulation studies acceptable?

 4. Has appropriate surgical consent been obtained?
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SURGERY

1. PREPARATION

Most of our convexity meningiomas are now done with the help of a naviga-
tion system that assures accurate localization of the tumor. Preoperatively, it 
is important to assure the proper scan sequences are done and they have been 
loaded into the system satisfactorily.

For the removal, an ultrasonic aspirator is usually helpful and loop cau-
tery may be useful. For very vascular tumors, the contact YAG laser can help 
resect with hemostasis. The operating microscope is helpful for relation to 
the brain.

In our experience, embolization has only been needed in tumors over 5 cm 
that appear hypervascular on preoperative MR. Sometimes the vascular sup-
ply of a convexity meningioma comes from the contralateral middle menin-
geal artery that may be hard to identify at surgery.

2. OPERATIVE TECHNIQUE

The patient is positioned with the tumor uppermost in the fi eld and that posi-
tion is maintained with three-point skull fi xation. The tumor location and 
extent are marked out using the navigation system and the hair is shaved just 
at the site of the tumor. Usually a linear scalp incision is used directly over the 
center of the tumor; if the tumor is very large, a u-shaped fl ap based on the 
vascular supply is preferred. The bone can usually be removed with one burr 
hole and dural stripping from that; if tumor has invaded bone centrally, 
rongeurs or a drill are used to remove the bone rather than tearing tumor with 
the bone fl ap removal. Convexity tumors close to the sinus may require more 
careful stripping of dura from bone.

We take care not to open the dura initially much beyond the tumor mar-
gin to prevent venous congestion and infarction. It is extremely important 
to watch for cortical veins as the dura is opened; a cottonoid patty placed 
over the brain surface as the dura is opened is a useful technique. The dura 
is the origin of the tumor, so it is removed with the lesion. After the tumor 
is removed, it may be possible to get a wider excision margin, and we aim 
for a 1 cm margin if possible, taking all the dural tail seen on preoperative 
imaging.

Before removing a large tumor from the brain surface, it is important to 
internally core out the tumor with a loop cautery or cavitron; this allows in-
ternal decompression and gradual dissection from even eloquent cortex rath-
er than trying to mobilize a large mass. Great care should be taken to avoid 
veins surrounding the tumor and to be as gentle as possible with the brain 
surface. Lifting up on the tumor as you dissect it from brain is potentially 
dangerous because deep white matter tends to come with it.
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For dural closure, we replace the dura with pericranium or Alloderm 
 (LifeCell, Branchburg, NJ), making a watertight closure. We avoid cadaver or 
bovine tissue because of the potential problem of slow viral infection.

We replace the bone fl ap with a plating system to hold it in place. If it is 
extensively involved with tumor, we will use a methylmethacrylate cranio-
plasty; if there is partial involvement, we will drill out the area that is hyper-
ostotic. Postoperatively the patient is cared for in the neurosurgical ICU for 
an average of one night before returning to the ward. The average length of 
hospital stay is 3 days.

3. LONG-TERM RESULTS

Most convexity meningiomas can be completely removed; occasionally be-
cause of their proximity to the sagittal sinus or to cerebral veins they cannot 
be resected completely. We achieved a Simpson Grade I removal in more than 
95% of convexity meningiomas, a fi nding similar to others [3, 4, 6, 11].

Recurrence. Several studies have evaluated the effect of tumor removal on 
recurrence – the most comprehensive is that of Jaaskelainen et al., who found 
a recurrence rate of 3% at 5 years for benign tumors completely removed, 9% 
at 10 years and 21% at 25 years [3].

Since most convexity tumors can have a Simpson Grade I removal, they pro-
vide an important test of the role of histological grade in recurrence. We noted 
that 88.3% of our convexity tumors were grade 1, 9.8% grade 2, and 1.8% grade 
3. If the benign tumors in our series were separated into those that were com-
pletely benign and those that had some atypical features, the recurrence rate for 
the benign group was zero, whereas the “borderline atypical” group had a 5-year 
recurrence rate of 33%, which is in the same range as the atypical tumors. Grade 
3 tumors had a recurrence rate of 78% at fi ve years. Thus for convexity tumors 
the biology of the tumor is the most important criterion for recurrence [9].

Several authors have reviewed histological features that predict recurrence; 
chief among them is the MIB-1 or other proliferative index [5, 7, 12].

Adjunctive therapy. Radiation may be a useful adjunctive therapy for grade 
2 and 3 meningiomas of the convexity. Our approach is to irradiate all grade 3 
meningiomas after the fi rst operation but for other histological grades to select 
cases on an individual basis depending on the decision of our tumor board.

In our series, 3 of 16 patients with grade 2 meningiomas (18%) received 
adjuvant radiation following initial surgery. These tumors did not recur with-
in the time period of our study, whereas 4 patients who did not receive initial 
adjuvant radiation after the initial operation later required radiation for re-
current tumors.

There is controversy about postoperative radiation therapy. Modha and 
Gutin suggest that all grade 3 tumors, and grade 2 tumors subtotally excised, 
with brain invasion or with an MIB-1 index of 4.2% should be treated with 
fractionated radiotherapy [8].
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4. COMPLICATIONS

In our series, there was no surgical mortality. The overall surgical morbidity 
was 5.2%: Complications included new neurological defi cit in 1.7% of pa-
tients, a 0.6% incidence of postoperative hematoma and an infection rate of 
2.9%. There were two cardiac complications, which occurred in the 65 years 
or older group. There was no signifi cant difference in morbidity between 
patients under and over age 65.

These are similar to other reports. Yanno et al. reported a 4.4% morbidity 
rate in patients under age 70 and 9.4% in patients over age 70 [13].

HOW TO AVOID COMPLICATIONS

An important initial step in avoiding complications is to be sure the tumor is 
localized correctly and that cardiac and other conditions have been carefully 
evaluated preoperatively. During the surgery itself, there are two major poten-
tial problems to avoid: injury to cerebral veins and injury to the cortex and 
white matter as the tumor is removed. Although we did not have venous inf-
arction in our series, it can be a devastating problem that gives new neuro-
logical defi cit and problematic seizures. The veins must be preserved, if 
 necessary by sharp dissection from the tumor; and if there is very dense adher-
ence, a small amount of tumor can be left on them. When dissecting the tumor 
off the cortex and white matter, it is important to avoid coagulating vessels 
that may supply adjacent cortex and not to pull up on the white  matter.

CONCLUSIONS

Convexity meningiomas are among the most satisfying tumors a neurosur-
geon can treat. The major issue is often when to remove them, but there is a 
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tendency to have earlier surgery as our surgery becomes less invasive using 
navigation techniques. Moreover, early surgery removes the worry that tu-
mor may grow or change, and has an acceptable morbidity of 5.5%. The tu-
mor grade is particularly important in the long-term outcome of patients.

References

 [1] Al-Mefty O (1995) Meningiomas. WB Saunders, Philadelphia

 [2] Black P, Morokoff A, Zauberman J (2008) Surgery for extra-axial tumors of the 
cerebral convexity and midline. Neurosurgery 63: 427-433; discussion

 [3] Jaaskelainen J, Haltia M, Servo A (1986) Atypical and anaplastic meningiomas: 
radiology, surgery, radiotherapy, and outcome. Surg Neurol 25: 233-242

 [4] Kamitani H, Masuzawa H, Kanazawa I, Kubo T (2001) Recurrence of convexity 
meningiomas: tumor cells in the arachnoid membrane. Surg Neurol 56: 228-235

 [5] Kim YJ, Ketter R, Henn W, Zang KD, Steudel WI, Feiden W (2006) Histopatho-
logic indicators of recurrence in meningiomas: correlation with clinical and genetic 
parameters. Virchows Arch 449: 529-538

 [6] Kinjo T, Al-Mefty O, Kanaan I (1993) Grade zero removal of supratentorial con-
vexity meningiomas. Neurosurgery 33: 394-399; discussion 399

 [7] Maiuri F, De Caro MB, Esposito F, Cappabianca P, Strazzullo V, Pettinato G, de 
Divitiis E (2007) Recurrences of meningiomas: predictive value of pathological 
features and hormonal and growth factors. Neurooncology 82: 63-68

 [8] Modha A, Gutin PH (2005) Diagnosis and treatment of atypical and anaplastic 
meningiomas: a review. Neurosurgery 57: 538-550; discussion 538-550

 [9] Morokoff AP, Zauberman J, Black PM (2008) Surgery for convexity meningiomas. 
Neurosurgery 63: 427-433

[10] Patil DG, Laws ER Jr, Meningioma. history of the tumor and its management. 
In: Pamir N, Black P, Fahlbusch R (eds) Meningiomas: a comprehensive text. 
Elsevier,  Philadelphia (in press)

[11] Simpson D (1957) The recurrence of intracranial meningiomas after surgical treat-
ment. J Neurol Neurosurg Psychiatry 20: 22-39

[12] Yamasaki F, Yoshioka H, Hama S, Sugiyama K, Arita K, Kurisu K (2000) Recur-
rence of meningiomas. Cancer 89: 1102-1110

[13] Yano S, Kuratsu J (2006) Indications for surgery in patients with asymptomatic 
meningiomas based on an extensive experience. J Neurosurg 105: 538-543



70

P. M. BLACK

Peter M. Black

Peter Black is Franc D. Ingraham Professor of Neurosurgery at Harvard 
Medical School, Founding Chair of the Departments of Neurosurgery at Brigham 
and  Women’s Hospital, and Chair emeritus of the Department of Neurosurgery at 
Children’s Hospital. He has had a long interest in meningiomas, working with 
Mr. Steven Haley to create the Meningioma Project. He is Chair of the Editorial Board 
of Neurosurgery and sits on numerous foundations and editorial boards. He has re-
ceived many awards including the Charles Wilson award, Rofeh award, the Pioneer 
award of the Children’s Brain Tumor Foundation, and the distinguished service award 
from the Section on Tumors. Dr. Black directs a molecular biology laboratory that 
investigates growth and invasion in meningiomas. His bibliography includes 13 books 
and fi ve hundred papers. He is president-elect of the World Federation of Neurosurgi-
cal Societies. He has mentored over a hundred trainees and is very proud of the produc-
tivity of his former trainees, many holding prominent academic positions.

Contact: Peter M. Black, Department of Neurosurgery, Brigham & Women’s 
Hospital, 75 Francis St, Boston, MA 02115, USA 
E-mail: pblack@partners.org



THE “DANGEROUS” INTRACRANIAL VEINS
M. SINDOU

INTRODUCTION

No doubt that number of so-called unpredictable post-operative complications 
are likely to be related to iatrogenic venous damages. They manifest as locally 
developed edema, regional or diffuse brain swelling, some being fatal because of 
uncontrollable intracranial hypertension, and/or hemorrhagic  infarcts, sometimes 
devastating and erroneously attributed to default in hemostasis. Ignoring the 
 venous structures during surgery would lead to such disastrous consequences.

The main “dangerous” veins are classically the major dural sinuses, the deep 
cerebral veins and some of the dominant superfi cial veins like the vein of Labbé. 
A complete and detailed pre-operative setting including venous angio-MR, and 
if necessary digital substraction angiography with late venous phases, helps to 
determine optimal surgical strategy. A sustained effort during surgery to al-
ways respect and sometimes reconstruct the venous system is an obligation for 
the surgeon.

RATIONALE

Good knowledge on the surgical anatomy and physiology of the intracranial 
venous system is of prime importance [3, 5, 9–11, 14].

1. THE DURAL SINUSES (Fig. 1)

The major dural sinuses – foremost the superior sagittal sinus (SSS) – carry a 
considerable amount of blood. The anterior third of SSS receives the prefron-
tal afferent veins; its posterior radiological landmark is the coronal suture. It 
is generally admitted that its sacrifi ce is well tolerated. Actually mental disor-
ders, personality changes, loss of recent memory with a general slowing of 
thought processes and activity, or even akinetic mutism, may occur if sacri-
fi ced or if frontal veins are compromised. The midthird receives the numer-
ous and voluminous cortical veins of the central group. Interruption of this 
portion entails high risks of bilateral hemiplegia and akinesia. The posterior 
third, as well as the torcular Herophili, which receives the straight sinus, 
drains a considerable amount of blood. Interruption would inevitably pro-
voke potentially fatal intracranial hypertension.

Keywords: intracranial veins, major dural sinuses, brain, anatomy, vascular
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The lateral sinuses (LS) ensure a symetric drainage in only 20% of the 
cases; in the extreme one LS may drain the SSS in totality, most often the right 
one, and the other the straight sinus.

The transverse sinus (TS) may be atretic on one side, the sigmoid sinus seg-
ment draining the inferior cerebral veins (i.e. the Labbé system).

The sigmoid sinus (SS) drains the posterior fossa. It receives the superior 
and the inferior petrosal sinuses and also unconstant veins coming from the 
lateral aspect of pons and medulla. It has frequent anastomoses with the cuta-
neous venous network through the mastoid emissary vein. When the sigmoid 
segment of the lateral sinus is atretic, the transverse sinus with its affl uents 
drains toward the opposite side.

All these anatomical confi gurations have surgical implications and must 
be taken into account before considering interrupting a sinus (Fig. 2).

2. THE SUPERFICIAL CEREBRAL VEINS

Any of the superfi cial cerebral veins of a certain calibre has presum ably a func-
tional role. However, as shown by experience, some of them are more “danger-
ous” to sacrifi ce than others. The superfi cial veins belong to three “systems”: the 
midline afferents to the SSS, the inferior cerebral afferents to the TS and the su-
perfi cial sylvian afferents to the cavernous sinus. These three systems are strong-
ly interconnected, but in very variable ways from one individual to another.

Midline afferent veins enter into the SSS. They are met during interhemi-
spheric approaches. Seventy percent of sagittal venous  drainage is evident 
within the sector four centimeters posterior to the coronal suture; it corre-
sponds to the central group. Sacrifi ce of the midline central group is risky. 
The sacrifi ce of the other midline veins, unless they are of large calibre, does 
not appear so hazardous. The vein of Trolard, or superior anastomotic vein, 
links the superfi cial sylvian system to the SSS. It usually penetrates the SSS in 
the post-central region.

Inferior cerebral veins are cortical bridging veins that channel into the ba-
sal sinuses and/or into the deep venous system. They are met in the skull base 
approaches. Juxta-basal veins may be sacrifi ced only if they are small and do 
not contribute predominantly to the system of Labbé. The vein of Labbé, or 
inferior anastomotic vein, creates an anastomosis between the superfi cial syl-
vian vein and the TS before its junction with the SS. Necessity of the respect 

Fig. 1. Upper row: A Left carotid angiogram, AP projection. The SSS is drained equally by 
both lateral sinuses (LS). B Left carotid angiogram, AP projection. The right LS drains totally 
the SSS, the left one drains the straight sinus (arrow). Middle row: Left carotid angiogram; AP 
(A) and lateral (B) projections. The SSS exclusively drains into the right LS (small arrow). The 
left transverse sinus is atretic; the remaining sigmoid sinus drains the vein of Labbé (large 
arrow). Lower row: A Right carotid angiogram, AP projection; B left carotid angiogram, AP 
projection. The sigmoid sinus is absent on left side so that the left transverse sinus (large 
 arrow) and its tributaries, especially vein of Labbé (small arrow), are drained toward the 
contralateral side
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of vein of Labbé, especially in the dominant hemisphere, is mandatory to 
avoid posterior hemispheric infarction.

The superfi cial sylvian vein is formed by anastomosis of the temporo-
sylvian veins; these veins are connected with the midline veins upward and 
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Fig. 2. Upper and middle rows: When both lateral sinuses (LS) are well-developed (upper 
row), interruption of one LS (middle row) may theoretically be tolerated. Lower row: When 
one LS drains exclusively the SSS and the other one the straight sinus (a frequent confi gura-
tion), interruption of either one entails high risks for hemispheres, deep cerebral structures 
and Labbé vein(s)
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A

B

C

Fig. 3. Variations of superfi cial venous system. A The anterior drainage by the superfi -
cial sylvian vein is predominant. B The sss is predominant; the post-central vein drains 
the bigger part of the superfi cial sylvian vein territory (through Trolard anastomotic vein). 
C The lateral sinus is predominant; it drains almost all the superfi cial sylvian vein territory 
(through Labbé vein)
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the juxtabasal temporal veins downward. It enters predominantly the cavern-
ous sinus, either directly or through the sphenoparietal sinus. Many  variations 
are possible. Sacrifi cing the superfi cial sylvian vein is risky when it is of large 
calibre and poorly anastomosed.

Skull base approaches must be prepared taking into account the anatomi-
cal organization of the superfi cial venous system (see details and literature 
quotations in references [3, 10, 11]) (Fig. 3, 5, bottom).

Fig. 4. Posterior fossa venous system by vertebral injection. Vein of Galen (G), precentral 
vermian vein (arrowhead)

Fig. 5. Top: Deep cerebral veins and landmark of the interventricular venous confl uence. DSA 
by carotid injection, venous phase, lateral view. The interventricular venous confl uence (cir-
cle) is formed by confl uence of the septal veins (2), caudate veins (3, 4), and thalamo-striate 
veins (5). Confl uence gives rise to the internal cerebral vein (1). On lateral view, this confl uence 
has an almost constant situation and corresponds to the interventricular foramen of Monro. 
This point may contribute a useful anatomical imaging reference. (Confl uence of internal 
cerebral veins and basilar veins [B] gives Galen vein [G]. Bottom: Superfi cial veins involved in 
(supratentorial) skull base approaches. Three groups of veins can be distinguished: the middle 
afferent frontal veins, the inferior cerebral veins (i.e. the Labbé system) and the sylvian veins. 
These three groups can be delimited by three “triangles”. (1) The triangle corresponding to 
the frontal group of veins (FV) is delimited by the three following landmarks: interventricular 
venous confl uence (circle), bregma (B) and the anterior limit of anterior cranial fossa (A). 
(2) The triangle corresponding to the inferior group (ICV) is delimited by the interventricular 
confl uence (circle), torcular (T) and jugular foramen (J). (3) The triangle corresponding to the 
anterior sylvian group (ASV) is delimited by the interventricular confl uence (circle), anterior 
limit of anterior cranial fossa (A) and jugular foramen (J) landmarks. Skull base approaches 
must be designed so that the prominent venous drainage(s) be respected
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3. THE DEEP VEINS OF THE BRAIN

The deep cerebral veins are the ones which drain toward the deep venous 
confl uent of Galen (Fig. 5, top). The denomination of venous confl uent is 
appropriate since – in addition to the two internal cerebral veins – the Ga-
lenic system receives the two basilar veins, and also veins from the corpus 
callosum, the cerebellum (mainly through the vermian precentral vein) and 
the occipital cortex. A good knowledge of the deep veins is important for 
surgery in the lateral ventricles and of course in the third ventricle and 
pineal region [2].
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There is a general agreement that the sacrifi ce of the vein of Galen or of 
one of its main tributaries should be considered as a high risk, although ani-
mal experiments and a few reported clinical observations showed otherwise.

The thalamostriate vein represents an important anatomic landmark when 
accessing the third ventricle through the lateral ventricle by the interthalamo-
trigonal approach. It drains the deep white matter of the hemisphere, the 
 internal capsule and the caudate nucleus. This vein has to be sometimes sacri-
fi ed in this approach. Consequences vary depending on the authors: from 
little or none to venous infarction of basal ganglia. Because consequences can 
be severe, sacrifi cing the thalamostriate vein is justifi ed only if widening the 
exposure of the third ventricle is absolutely necessary [4].

4. VEINS OF THE POSTERIOR FOSSA

It is important to consider venous anatomy when dealing with  posterior 
fossa surgery (Fig. 4) [7]. The sitting position entails the risk of air embo-
lism from sinus and/or vein opening. The cerebellum is at risk of swelling 
and infarction in the eventuality of venous  interruption.

The sacrifi ce of the precentral vermian vein in order to approach the pin-
eal region from posterior, is generally considered not  dangerous.

The classical statement that the superior petrosal vein can be interrupted 
without danger needs to be reconsidered. Swelling of the cerebellar hemi-
sphere after sacrifi cing a (voluminous) petrosal vein is not unfrequently ob-
served and venous infarction may occur.

SURGERY

1. AVOIDANCE OF VENOUS OCCLUSIONS DURING SURGERY

The role played by venous occlusions occurring during surgery in post-oper-
ative hemorrhagic infarcts is undeniable. Important, the association of venous 
sacrifi ce to brain retraction entails signifi cantly higher risk of brain damage 
than retraction alone. It has been experimentally shown that parenchymal 
retraction of one hour duration, in opposition to retraction combined to 
venous sacrifi ce, produces a subcortical infarct in 13% and 60% of animals, 
respectively [6]. Retraction of the brain provokes a local congestion by com-
pressing the cortical venous network, reduction in venous fl ow by stretching 
the bridging veins, and thrombosis of veins if compression of the retractor or 
a cotonoïd is prolonged.

Excessive brain retraction can be avoided by specially designed approach-
es obeying two principles: the one of minimally invasive opening: the “key-
hole” approaches, and the one of bone removal:  “osteotomies” associated 
with craniotomy at the base of the skull. Bone removal associated to 
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 craniotomies for skull base approaches by increasing the fi eld-view angle and 
the working-cone [1, 12] protect from important retraction and consequently 
avulsing veins. Extended approaches (as fronto-basal, orbital, zygomatic, or-
bito-zygomatic, at the level of the roof of the external auditory meatus, trans-
petrosal or extreme lateral of the foramen magnum) have become classical. 
Limited opening of the dura mater to the minimum required is most effective 
to avoid excessive retraction by the self-retractor. In the eventuality of neces-
sary prolonged retraction, releasing the retractor from time to time decreases 
damaging phenomena. Removing the blade for approximately fi ve minutes 
every fi fteen minutes is considered benefi cial.

It may happen that a bridging vein acts as a limitation. To be preserved, the 
vein has to be dissected free from arachnoid and cortex at a length of 10–20 mm 
[13]. It also may happen that a big vein inside a fi ssure or a sulcus performs as 
an obstacle. Because interruption would entail the risk to provoke “a cascade” 
of intraluminal coagulation of the neighbouring pial veins it is justifi ed to at-
tempt its preservation. If conservation seems diffi cult, before deciding sacrifi ce 
a gentle temporary clamping for a few minutes with a microforceps or a small 
temporary clip may be useful to test the absence of consecutive regional 
 congestion.

2. REPAIR

When an important vein has been ruptured, its reconstruction may be consid-
ered. For this purpose the silicone tubing technique has been developed. “A 
silicone tube that is most suitable to the size of the vein origin is selected and 
inserted into the distal segment of the vein and fi xed with a 10-0 monofi la-
ment nylon circumferential tie. The other end of the silicone tube is then in-
serted into the proximal end of the vein and tied [8].”

Frequent is the circumstance in which a wound is made in a vein wall dur-
ing dissection. Rather than to coagulate the vein, hemostasis can be attempted 
by simply wrapping the wall with a small piece of Surgicel. If this is not suf-
fi cient, obliteration of the wound can be made by a very localized microco-
agulation with a sharp bipolar forceps or by placing a single suture with a 
10-0 nylon thread. But in all cases, whatever the technique used, quality of 
hemostasis has to be checked by jugular compression at the neck or with local 
patency test using two forceps, as classical in microvascular surgery.

When a major dural sinus has been injured or needs to be occluded, its 
repair is advocated [3, 10, 11].

CONCLUSIONS

Respect of the intracranial venous system results from a constant belief of the 
importance of preserving veins and a sustained effort to do it during the whole 
operation.
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Surgery on the intracranial venous system requires good neuro-images to 
work on. Venous angio-MR, as a complement of conventional MRI is man-
datory. In supplement, digital substraction angiography with late venous 
phases can be of prime importance to determine surgical strategy especially in 
“diffi cult tumors”. For these reasons neurosurgeons must incite neuro-
imaging  colleagues to be full-partners in the neurosurgical management.
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HOW TO PERFORM SUBFRONTO-ORBITO-
NASAL APPROACH FOR ANTERIOR 

CRANIAL BASE SURGERY
F.-X. ROUX

INTRODUCTION

Subfrontal approaches were fi rst proposed and described by Horsley and 
Cushing in the early beginning of neurosurgery. These approaches were 
mostly bifrontal fl aps for skull base surgery. First combined craniofacial ap-
proaches were described by Dandy [1] in 1941 and by Ray and McLean [6] 
in 1943 for orbital tumors removal. Principles of transcranial and transfacial 
surgery were then precised by Smith et al. [8], Ketcham et al. [3] and Derome 
[2]. Later, enlarged approaches with mobilization of orbital rims and nasal 
pyramid were proposed. Subfronto-orbito-nasal (SFON) approach was fi rst 
described in 1978 by Raveh as “anterior extended subcranial approach” for 
anterior skull base fractures [4, 5]. He extended the indications in 1980 for 
benign and malignant tumor resection [4, 5]. This approach allows perform-
ing a mediofrontonasal monobloc fl ap including nasal pyramid and orbital 
rims. We fi rst used it for removal of ethmoidal tumors such as adenocarcino-
mas but we rapidly discovered the large fi eld of vision given by this approach 
for anterior cranial fossa, ethmoidal, sphenoidal and maxillary sinuses, inter-
nal part of the orbit and clivus as well [7].

RATIONALE

Main goal of this approach is to minimize brain retraction (Fig. 1) during ante-
rior skull base surgery. Other goals are to reach some areas with respect of 
vasculonervous structures encountered. The SFON fl ap allows reaching extra-
dural and intradural structures. Extradural structures include anterior skull 
base, ethmoidal, sphenoidal and even maxillary sinuses with access to clivus, 
mediosuperior part of orbital contents. Intradural structures include anteroba-
sal part of both frontal lobes with olfactive tracts, jugum with optochiasmatic 
area, anterior part of the Willis circle and sellar area. Main advantage for intra-
dural access is the minimal frontal lobe retraction. It allows early control of 
basal vessels such as ethmoidal arteries especially for tumors inserted on the 
anterior part of the skull. Moreover, this approach is widely modulable and can 

Keywords: skull base approaches, fronto-orbital-nasal approach, anterior fossa
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be adapted and extended as function of the areas to reach, laterally, upwards or 
downwards. This highly adaptable approach can be qualifi ed of “swiss-knife” 
for craniofacial access.

DECISION-MAKING

Basically, the SFON approach allows to reach lesions of the anterior skull-
base, of the midline such as sellar, suprasellar or clivus masses, of the super-
ointernal part of the orbit, of sinuses of the face (ethmoidal, sphenoidal, 
maxillary sinuses) and anterior Willis circle as well. Thus, careful review of 
preoperative imaging is required to determine preciselly if SFON approach is 
appropriate and to preview the anterioposterior and lateral extension of the 
approach. Both preoperative CT scan and MRI are mandatory to check bone 
and cerebral extensions of the lesion to be reached, and study angles between 
it and the skullbase plane in order to minimize retractions. Frontal sinus 
extension is not crucial since it is deliberately opened and cranialized. Other 
important information to check for intradural approach near the sellar area is 
the prefi xed location of the chiasma which may limit dramatically the access 
to the concerned lesion.

SURGERY

1. POSITIONING

Patient is placed supine, the head fi xed in median position and the neck slight-
ly fl exed to elevate the head (Fig. 2).

2. INCISION

After minimal shaving, bicoronal skin incision is performed from ear to ear. 
Care must be taken not to cut the galea which will be dissected and separated 

Fig. 1. Compared angles of access for classical subfrontal transcranial and SFON approach-
es showing minimal retraction and larger view for the latter
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from the skin starting 3 cm behind the orbital rims, thus sparing both su-
praorbital nerves.

3. GALEA FLAP

An anterior pediculated galea and pericranial fl ap is liberated and raised. Its 
limits are posteriorly the skin incision, and laterally both superior temporal 
lines. It must be as large as possible, about 8–10 cm laterally and 10–12 cm 
anteroposteriorly (Fig. 3).

4. SUPRAORBITAL AND PERIORBITAL DISSECTION

Desinsertion of the galea is pursued to the orbital rims and nasal pyramid 
(Fig. 4). If the bone fl ap is extended downwards to the lachrymal crests, it 
may be necessary to cut the lacrymal ducts. To avoid secondary retraction 
and stenosis of them and consequent post-operative eye watering, lachrymal 
ducts should be cut obliquely. Then the periorbit is cautiously separated from 

Fig. 2. Operative supine position with the head fi xed in median position and the neck 
fl exed slightly to elevate the head (drawing by Marc Harislur)

Fig. 3. Pedicled pericranial fl ap
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the medial wall of the orbit which should not be opened so as avoiding both 
risks of injury of intraconic structures and herniation of orbital fat in the op-
erative fi eld. Supraorbital pedicles are gently detached from both supraorbital 

Fig. 4. Desinsertion of nasal pyramid with exposition of orbital rims and supraorbital 
grooves

Fig. 5. Frontal bone anatomical piece showing: a supraorbital groove (left) and a closed 
groove as a supraorbital canal (right)

Fig. 6. Desinsertion of supraorbital pedicle within the supraorbital groove
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grooves (Figs. 5, 6). Sometimes supraorbital gutters appear as canals and will 
have to be opened with scissors so as to preserve supraorbital nerves.

5. BONE FLAP

Only one burr hole is drilled on the median line facing the superior sagittal 
sinus in its anterior third. The dura is detached from the bone with a spatula, 
away in the sagittal sinus, in order to control it and avoid injuring it with the 
craniotome. The mediofrontal osteotomy is performed so as to raise a mono-
bloc nasofrontal fl ap (Figs. 7–9). Upper part of the fl ap is performed with the 
craniotome starting from the burr hole towards both orbital rims. A fl exible 
retractor is carefully placed in the orbit for retracting the eyeball while cut-
ting, with an oscillant saw, the nasal pyramid and medial and superior walls of 
the orbits (Figs. 10, 11). Bradycardia may be noted if the eyeball retraction 
is too important. Then the bone fl ap is slightly elevated with two periosteal 
elevators and a vertical osteotomy is performed in front of the crista galli 
process. At last, the subfronto-orbito-nasal fl ap is raised in one bloc. Precise 
location of each lines of cut are shown on Figs. 12–16.

6. FRONTAL SINUS CRANIALIZATION

Frontal sinus is inevitably opened with this fl ap and it is thus mandatory to 
cranialize it. All frontal mucosa must be removed and both nasofrontal ducts 
will be obturated with bone powder, galea and eventually pieces of Surgicel.

7. EXPOSITION OF THE CRIBRIFORM PLATE OF THE ETHMOID

For ethmoidal tumor removal, the superior part of the ethmoid sinuses and 
the cribriform plates will be exposed. The approach being epidural, conse-

7 98
Figs. 7–9. Scheme of craniofacial junction showing the location of the bone fl ap
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quently the basifrontal dura will be desinserted from the front to the rear, the 
posterior limit being the jugum. During this surgical step both olfactive tracts 
will be coagulated and cut with the bipolar coagulator. This approach allows 
reaching both ethmoidal and sphenoidal sinuses as well as the maxillar si-
nuses which have to be controlled in case of wide ethmoidal tumor extending 
downards. Opening the posterior part of the sphenoidal sinus allows an ap-
proach to the clivus itself, except the upper dead angle of the dorsum sellae.

8. DURA OPENING

The dura opening is performed transversally, entailing cutting the anterior 
insertion of the superior sagittal sinus (Fig. 17). It can be useful when begin-
ning the procedure to suspend it peripherally on Halsted forceps.

10

12 13

11

Figs. 10–13. Line of section of the frontal bone (mediofrontal osteotomy) and the nasal 
pyramid
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9. DISSECTION OF THE OLFACTORY TRACTS

For an intradural procedure, the dura has not to be detached from the cra-
nial base. It is possible to spare olfactory tracts (at least one in order to 
preserve as much as possible the olfactory function) by a gentle arachnoidal 
dissection under smooth retraction of frontal lobes with an autostatic re-
tractor. Biological glue is applied on both tracts to protect them and avoid 
ischemia or rupture during further dissection and retraction of the frontal 
lobe. This intradural approach allows exposing all the anterior cranial base, 
reaching easily the optochiasmatic tracts, the sellar and suprasellar region 
including the anterior part of the Willis circle. Approach can be lateral in its 

Fig. 14. Detachment of the frontonasal fl ap after section of the crista galli process

15 16

Figs. 15, 16. Frontonasal fl ap before and after removal
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anterior part and becomes more medial on its posterior part. All along the 
operation, retraction of frontal lobes will be minimalized due to the basal 
access.

10. DURA CLOSURE, SUSPENSION AND TENTING

Closure of the dura is performed after releasing transient suspensions and 
must be totally waterproof in order to avoid cerebrospinal fl uid leakage and 
rhinorrhea. Then peripheral suspension and tenting of the dura is performed. 
This closure is doubled with the pediculated galea fl ap which is reclined on 
the base and the cranialized frontal sinuses and pasted to the dura with fi brin 
glue and a few stitches.

Fig. 17. Dura opening leading to basal access

Fig. 18. Fixation of the fl ap with titanium miniplates (or stitches)
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11. BONE FLAP REPOSITIONING

Bone fl ap is then repositioned and secured with transosseal sutures or titani-
um miniplates (Fig. 18). We avoid miniplates when the patient is planned for 
further radiotherapy because of a thinning of the skin with a bad cosmetic 
result and a higher risk of local infection.

12. SCALP CLOSURE

Scalp is then closed with both subcutaneous and cutaneous sutures with skin 
clips or stitches.

Figs. 19–22. Case 1: Ethmoidal carcinoma. Fig. 19. Preoperative MRI showing a T3 tumor 
invading cribriform plate. Figs. 20, 21. SFON approach. Fig. 22. Postoperative MRI show-
ing complete removal

20

21

19

22
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HOW TO AVOID COMPLICATIONS

1. GENERAL COMPLICATIONS

General complications such as postoperative hematoma, infection (4.5%), 
thromboembolism will not be discussed here since they do not differ from 
those observed in other neurosurgical procedures. Preventive dose of low-
molecular-weight heparin is usually administrated early after surgery (fi rst 
postoperative day).

2. CSF LEAKAGE (3.3%)

One of the most important parts of the procedure to be stressed is a perfect 
waterproof dural closure. Indeed a possible complication to be avoided is 
CSF leakage responsible for either rhinorrhea or subcutaneous CSF collec-
tion. Therefore a very good and waterproof dural closure is necessary; we use 
the double galea fl ap which is reclined onto the cranial base (especially the 
dura of the base which can be dehiscent) and secured to the dura with fi brin 

23 24

25

Figs. 23–25. Case 2: Olfactive meningioma. Fig. 23. Preoperative MRI. Fig. 24. View of 
the operative fi eld before opening dura. Fig. 25. Meningioma inserted on the anterior skull 
base with direct access to its insertion
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glue. In some cases, transient lumbar drainage could be discussed; but we 
never propose systematically such a drainage considering that the quality of 
the dural closure should suffi cient.

3. NEUROLOGICAL COMPLICATIONS

3.1  Anosmia

Anosmia is unavoidable in ethmoid tumor as well as olfactory meningioma 
removal since the approach of the cribriform plate requires section of both 

26 27

28

Figs. 26–28. Case 3: Craniopharyngioma. Figs. 26, 27. Preoperative MRI. Fig. 28. Intra-
dural approach with both vasculonervous structures and tumor (aca anterior carotid artery; 
ica internal carotid artery; Tu tumor) 
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olfactory tracts. Otherwise, if section of olfactory tracts is not compulsory, 
anosmia may be avoided when proceeding to intradural approaches with a 
careful dissection of the arachnoid surrounding the olfactory nerves and 
strengthening them with fi brin glue. If necessary, sacrifi ce of one olfactory 
tract could possibly preserve unilateral olfaction.

3.2 Confusion

Confusion may result from frontal retraction as well as venous or arterial 
ischemia (3.3%). Main goal of SFON approach is precisely to avoid such re-
traction. Nevertheless gentle frontal lobe retraction may be mandatory in some 
instances. CSF drainage in basal cisterns as well as mannitol perfusion may 
help to decrease this retraction. It must be released periodically during the 
procedure, and used only if it is really necessary. Great care must be given in 
avoiding vascular injury or coagulation, especially concerning large anterior 
frontal veins. If these veins are spared, anterior part of the superior sagittal 
sinus may be occluded without any consequences.

3.3 Ocular motor palsies, diplopia

Transient oculomotor palsies may often occur because of edema of intraor-
bital structures. This occurs more likely when the periorbit is opened which 
should be avoided. Permanent rate of transient postoperative diplopia is 
about 6.6% in our series.

3.4 Frontal branch of facial nerve injury

Injury of the frontal branch of the facial nerve should never happen. The bi-
coronal incision must be stopped at least 1 cm above the zygoma process.

3.5 Supraorbital nerve injury

Supraorbital injury may induce hypoesthesia or anesthesia of eyebrow and su-
praorbital area. It can be avoided by performing a careful subperiosteal dissec-
tion of the galea, and releasing the nerves in the supraorbital gutters or canals.

4. WATERING EYES

It can be seen postoperatively (9.9%) if lacrymal ducts are retracted and ob-
structed. That is why they should be cut obliquely when the approach is ex-
tended downwards.

5. MUCOCELE

Late occurrence of a mucocele can be avoided by careful cranialization of the 
frontal sinus and obstruction of the nasofrontal ducts.
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6. ESTHETIC CONSIDERATIONS

Bicoronal scalp incision decreases the risk of an inesthetic visible scar. Frontal 
median burr hole may sometimes be visible especially after radiotherapy since 
the skin may become thinner. For same reasons, miniplates used for fi xation 
of the bone fl ap must be avoided if external radiotherapy is scheduled after 
surgical procedure.

CONCLUSIONS

SFON approach is a relatively simple approach. It has the advantage of being 
adjustable depending on the areas and structures to reach. It allows treating a wide 
fi eld of craniofacial lesions with a limited retraction of cerebral structures. Great 
care must be taken to perform a perfect and waterproof closure of the dura.
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HOW TO PERFORM CRANIO-ORBITAL 
ZYGOMATIC APPROACHES

O. AL-MEFTY

INTRODUCTION

The cranio-orbital zygomatic approach has been in evolution since the fron-
tal approach was fi rst introduced. The addition of both the orbital and zygo-
matic osteotomies has expanded the limits of neurosurgery to include orbital, 
craniofacial, and infratemporal pathology. The goal of any skull base ap-
proach is to shorten the operative working distance and reduce retraction of 
the brain while improving exposure. Utilizing the benefi ts afforded by the 
cranio-orbital zygomatic approach requires a thorough understanding of the 
extradural anatomy of the anterior and middle fossae, including the temporal 
bone, the craniofacial skeleton, and the cavernous sinus.

McArthur and then Frazier were the earliest to incorporate the orbital rim 
osteotomy with the craniotomy to provide a low frontal approach to the pi-
tuitary [11, 17]. Yaşargil in 1969 introduced the pterional approach describing 
the extradural removal of the sphenoid wing and anterior clinoidal process 
[23]. Jane et al. resurrected the use of the orbital osteotomy for approaching 
orbital tumors [15]. Pellerin et al., Hakuba, and Al-Mefty expanded this ap-
proach by adding a fronto-orbito-malar osteotomy [6, 13, 20]. Al-Mefty went 
on to defi ne the cranio-orbital zygomatic approach by combining each of 
these separate techniques to provide the approach as it is described today 
[3, 6, 8]. Since then, many authors have described their experiences and mod-
ifi cation to this technique [1, 4, 5, 7, 9, 12–14, 18, 20, 21].

RATIONALE

The cranio-orbital zygomatic approach provides the surgeon with a basal ex-
posure of the anterior, middle, and upper ventral middle fossa without retrac-
tion of the brain. This approach provides extradural access to the craniofacial 
skeleton, infratemporal fossa, and paranasal sinuses: frontal, ethmoid, and 
sphenoid. The internal carotid artery (ICA) can be visualized from its en-
trance at the skull base through the cavernous sinus extradurally and beyond 
its bifurcation intradurally as well as the intrapedunclar fossa and the upper 

Keywords: cranio-orbital zygomatic approach, skull base surgery, neurosurgical 
technique, craniotomy
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basilar artery complex. Access to the cavernous sinus can be achieved through 
both intradural and extradural routes. The optic apparatus can be visualized 
from the optic tracts through the entrance of the optic nerve into the apex of the 
orbit, as well as provide access to the entire orbit and orbital contents. Addi-
tionally, visualization of cranial nerves I through VIII as well as access to the 
petrous apex is available using this approach. This wide and basal exposure is 
paramount for the safe treatment for a variety of lesions (Fig. 1) [2, 19, 22].

DECISION-MAKING

Tailored to the nature and extent of lesions in the anterior and middle cranial 
fossae, variations of cranio-orbital exposures can be used. Each patient should 
be evaluated individually to determine the most appropriate version [8]. 
 Crucial variables relate to the lesion (pathology, size, and relation to neuro-

A B

C D

Fig. 1. Example cases that benefi t from the utilization of the cranio-orbital zygomatic ap-
proach. A Sphenocavernous meningioma. B Chordoma with extra- and intradural extension 
with involvement of the cavernous sinus. C Juvenile angiofi broma with involvement of the 
middle fossa and infratemporal fossa. D Basilar tip aneurysm
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Table 1. Tailoring of the cranio-orbital approach

Location of the lesion  Extent of osteotomy

Suprasellar lesions  Superior orbital rim
Parasellar lesions, cavernous sinus  Superior lateral orbital rim and
  zygoma
Cavernous sinus, upper clivus  Petrous apex
Retropharyngeal, infratemporal  Floor of middle fossa
Sphenoid sinus, anterior clivus  Frontal sinus, planum sphenoidale

vascular structures) and the patient (age, condition, and anatomy). Detailed 
radiological studies, including CT scans, MRI, MRA, and MRV are indispens-
able when selecting the most suitable surgical approach, delineating the tu-
mor relation to surrounding structures and tumor extension. Tailoring of the 
cranio-orbital approaches is summarized in Table 1.

SURGERY

1. POSITIONING AND PREPARATION

The patient is placed supine. In patients with a small or medium sized tumor, 
a spinal needle is inserted through a split mattress. Controlled cerebrospinal 
fl uid CSF removal relaxes the brain avoiding brain retraction during the ex-
tradural dissection. Approximately 25 ml of CSF is gradually drained with 
the aid of fl ow control clamp. The patient’s trunk and head are elevated 20°. 
The head is hyperextended, rotated 20–30° away from the side of the lesion, 
and tilted slightly. The head is fi xed in three point Mayfi eld head rest. The 
axis of visualization can be changed by turning the table from side to side. 
One of the patient’s legs is also prepped should a graft of fascia lata, subcuta-
neous fat, or saphenous vein be needed for reconstruction. Electrodes are 
inserted for intraoperative monitoring of brain stem auditory evoked re-
sponses, and somatosensory evoked potentials, EEG (Fig. 2).

2. SOFT TISSUE DISSECTION

The skin incision is begun 1 cm anterior to the tragus at the level of the zygo-
matic arch and extended behind the hairline toward the contralateral superior 
temporal line. Care is taken to cut only through the galea sparing the pericra-
nium. The scalp fl ap is turned with care to preserve the superfi cial temporal 
artery that remains on the temporal muscle. The scalp fl ap is refl ected anteri-
orly with sharp dissection against the galea, rather than pushing it with a 
swap, this technique will maintain thick areolar tissue with the pericranium 
which will be used for reconstruction of the base if needed.

The superfi cial and deep fasciae of the temporalis muscle are cut 1 cm pos-
terior and parallel to the course of the frontal branches of the facial nerve and 
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dissected from the muscle fi ber, the superfi cial fascia, fat pad along with the 
deep fascia are retracted with the skin fl ap anteriorly (Fig. 3). 

3. THE PERICRANIUM

The pericranium is then dissected behind to the skin fl ap and incised as far 
posteriorly as needed. The large pericranium fl ap is refl ected forward over 
the scalp fl ap. Its intact and vascularized base is dissected free from the roof 
and the lateral wall of the orbit. This vascularized pericranial fl ap is crucial for 

Fig. 2. Position of the patient on the operating table. A lumbar drain has been placed in 
the lumbar region. The Mayfi eld headframe is positioned to avoid obstruction to the sur-
geon. The head is slightly extended and rotation 20º to 30º away from the side of interest. 
Inset The skin incision, represented by the dotted lines, is shown as it relates to the  
external anatomy, the course of the STA, and the facial nerve, specifi cally the frontalis 
branch as it crosses over the zygoma. Needle electrodes have been placed for cranial nerve 
monitoring
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repairing the fl oor of the skull base and covering the frontal and ethmoid 
 sinuses at closure to avoid CSF leak. As the intact base of the pericranial fl ap 
is dissected free from the orbital rim, the supraorbital nerve is  released. If a 
foramen rather than a notch is present, high speed drill is used to make an 
osteotomy around this foramen. A collar of bone protects the nerve (Fig. 4).

4. THE ZYGOMA

The temporal fascia is dissected off the zygomatic arch in subperiosteal fash-
ion. The zygomatic arch is incised obliquely at the most anterior and poste-
rior ends. The cuts are made obliquely so that the arch can be anchored  during 
reattachment. The zygoma is then displaced downward with its masseter at-
tachment (Fig. 4).

5. THE TEMPORALIS MUSCLE

The temporalis muscle is incised posterior to the superfi cial temporal artery 
course and lifted in subperiostial fashion from the temporal fossa in its en-

Fig. 3. Top inset The skin fl ap is dissected sharply from the underlying pericranium and 
refl ected forward. The anterior branch of the STA is transected to avoid retraction injury 
to the main truck and posterior branch. The dotted lines represent the posterior extent of 
pericranium dissection. Main panel The pericranial fl ap is refl ected forward maintaining 
a wide anterior base, which preserves its vascular supply. An incision is made through the 
superfi cial and deep temporalis fascial layers. Right inset The completed subfascial inci-
sion showing preservation of the frontalis branch within the fat pad
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tirety to preserve the deep temporal arteries and its nerve supply from the 
third division of the trigeminal nerves (Fig. 4).

6. CRANIOTOMY

A burr hole is placed in the anatomic keyhole located in the depression just 
behind the suture between the frontal bone and the frontal process of the 
zygomatic bone. This provides access to the anterior fossa dura and perior-
bita, separated by the bone of the orbital roof. Burr holes are then placed 
along the fl oor of the middle fossa just superior to the root of the zygoma and 
along the superior temporal line. If necessary a fourth burr hole can be placed 
posterior to the superior orbital rim and medial to the supraorbital foramen; 
however, in most instances this hole will enter the frontal sinus. Starting at the 
burr hole located along the middle fossa fl oor, the craniotome is directed su-
periorly and then anteriorly toward the medial aspect of the superior orbital 
rim. The roof of the orbit will stop the craniotomy. A second cut is made 
anteriorly along the fl oor of the middle fossa to the sphenoid wing; the re-
mainder of the cut across the sphenoid wing is made with the Midas Rex B1 
attachment. Using a small dissector, the periorbita is dissected from the walls 

Fig. 4. Top inset When the supraorbital nerve exits a true foramen, an osteotomy is per-
formed to prevent injury to the nerve. Right inset A subperiosteal dissection of the lateral 
orbital rim and zygoma is performed to avoid injury to the frontalis nerve. Oblique cuts 
are made in the zygoma fl ush with the malar eminence anterior and at the root of the arch 
posterior. Main panel The temporalis muscle is refl ected inferiorly with the zygoma
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of the orbit. The dissection should begin away from the area of the lacrimal 
gland as this is typically the thinnest area of the periorbita and therefore prone 
to laceration. Once the periorbita has been dissected from the bone, a brain 
spatula should be placed between the periorbita and the bone to protect it 
from laceration during the orbital osteotomy, carefully avoiding any pressure 
on the orbital contacts. Using a Midas Rex B1 attachment, a cut is made 
through the inferior aspect of the lateral orbital rim fl ush with the malar emi-
nence, then directed superiorly to the keyhole burr hole. A second cut is 
made through the superior orbital rim medially where the craniotome 
stopped. Only the thin bone of the orbital roof now attaches the bone fl ap. 
Although this can be cracked, we strongly recommend against this practice 
because the fracture line is inconsistent and may involve the superior orbital 
fi ssure or optic canal. Instead, we place a small V-shaped osteotome against 
the roof of the orbit, visualized in the anatomic keyhole site and direct it to-

Fig. 5. Right inset A burr hole placed at the anatomic keyhole exposes the anterior fossa 
dura and the periorbita separated by bone of the orbital roof. Main panel Additional burr 
holes are placed along the fl oor of the middle fossa, posteriorly along the superior temporal 
line, and if necessary, medial to the superior orbital rim. The craniotomy is performed by 
a high-speed drill with a foot attachment. Osteotomies of the super and lateral orbital rims 
and across the lateral sphenoid wing are made by a high-speed drill without a foot attach-
ment, carefully avoiding laceration to the dura or periorbita. The orbital roof osteotomy is 
performed using an osteotome placed at the anatomic keyhole
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ward the osteotomy site located medially along the superior orbital rim under 
direct observation, taking care to avoid laceration of the periorbita or dura. 
The bone fl ap, including the lateral and superior orbital rims, is now removed 
as a single piece (Fig. 5).

After the dura and periorbita have been dissected from the bone, the lat-
eral wall and roof of the orbit are then removed in a separate osteotomy 
(Fig. 6). Using the Midas Rex B1, taking care to protect the periorbita and 
dura, an anterioposterior cut is made at the medial aspect of the orbital roof 
under direct visualization. This cut is lateral to the ethmoid sinus taking care 
to avoid injury to the trochlear insertion of the superior oblique muscle. A 
second anterioposterior cut is made at the inferior aspect of the lateral orbital 
wall. These cuts are connected posteriorly, taking care to avoid the superior 
orbital fi ssure (SOF). The remaining bone around the SOF, located at the in-
tersection of the lateral wall and roof of the orbit, is removed using a small 
ronguer or high-speed drill. The optic canal, located at the apex of the orbit, 
medial to the SOF, is then opened extradurally, and the optic strut is drilled 
to allow the removal of the anterior clinoid process, exposing the subclinoid 
portion of the ICA (Fig. 7).

Fig. 6. Inset After dissecting the dura and periorbita, an osteotomy of the superior and 
lateral orbital walls is performed. The orbital osteotomy is reattached to the craniotomy 
fl ap to prevent enophthalmos. Care must be taken to avoid injury to the superior orbital 
fi ssure. Main panel Needle electrodes are placed through the periorbita directly into the 
medial and lateral rectus and superior oblique muscles allowing intraoperative monitor-
ing of CNs III, VI, IV, respectively. The dura is opened in a curvilinear fashion and refl ected 
anteriorly
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7. EXPOSURE OF THE PETROUS ICA

Starting posteriorly and working anteriorly, the dura along the fl oor of the 
middle fossa is elevated. By following the middle meningeal artery, the fo-
ramen spinosum is identifi ed and the middle meningeal artery is cut as it 
exits the foramen. Just medial to the foramen spinosum, the greater and 
lesser superfi cial petrosal nerves are identifi ed (GSPN, LSPN) as they exit 
from the geniculate ganglion through the facial hiatus and run anteriorly in 
the sphenopetrosal groove. In some case, the bony covering over the genic-
ulate ganglion may be absent. Retraction of the GSPN can cause facial nerve 
injury and therefore must be avoided. Additionally, we have abandoned 
and do not recommend transecting the GSPN because it can cause ocular 
anhydrosis.

Dissection anterior to the foramen spinosum exposes the foramen ovale 
(V3), foramen rotundum (V2), and superior orbital fi ssure (III, IV, V-1, and 
VI). The horizontal portion of the petrous (ICA) lies deep and parallel to the 
GSPN and posteromedial to the foramen ovale and mandibular branch of 
the trigeminal nerve. The carotid artery can be unroofed using a diamond 
drill; however, it is not uncommon for the bony covering of the petrous car-
toid to be absent. The Eustachian tube is located lateral to the petrous 

Fig. 7. Main panel The remaining bone of the superior and lateral orbital walls is re-
moved exposing the orbital apex and superior orbital fi ssure. Right inset Drilling of 
the optic strut allows removal of the anterior clinoid process, exposing the subclinoid 
portion of the internal carotid artery. Left inset Shaded region depicts area of sphenoid 
bone to be removed extradurally. Reprinted with permission from Al-Mefty O: The cranio-
orbital zygomatic approach for intracranial lesions. Contemporary Neurosurgery 14(9): 
1-6, 1992
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carotid artery. Exposing the ICA within the petrous bone provides access to 
the ICA in the event that proximal control and/or a vascular bypass become 
necessary (Fig. 8).

Sharp dissection of the dural covering over the branches of the trigeminal 
nerve relaxes the dura for further medial dissection along the middle fossa 
fl oor and also exposes the lateral wall of the cavernous sinus. Elevation of the 
dura further medially and posteriorly along the middle fossa fl oor allows 
identifi cation of the arcuate eminence, which is the landmark of the superior 
semicircular canal (SSC). Unfortunately, the precise position of the SSC can 
be diffi cult to appreciate. The SSC lies perpendicular to the petrous bone and 
about 120° to the course of the GSPN. The internal auditory canal lies at a 45° 
to 60° with the SSC. Further elevation along the fl oor will allow identifi cation 
of the petrous apex. At this point the anterior petrosectomy is performed. 
The area to be drilled is limited by the trigeminal impression anteriorly, the 
petrous ICA laterally, the cochlea and facial hiatus posteriorly, and the inter-
nal auditory canal inferiorly (allowing access to cranial nerve VII and VII). 
The cochlea is surrounded by hard compact bone, unlike the bone of the 
petrous apex, and therefore can be differentiated during drilling of this area. 
With removal of the petrous apex, the posterior fossa, specifi cally the petro-
clival region, is visualized. Removal of the fl oor of the middle fossa between 
the foramina ovale and rotundum provides a route of access to the sphenoid 
sinus. Further removal of the middle fossa fl oor allows access to the infratem-
poral fossa through which the posterior wall of the maxillary sinus and 
nasopharynx can be accessed.

Needle electrodes are placed through the periorbita for intraoperative 
monitoring of the CNs III, IV, and VI. The dura is opened in a curvilinear 
fashion and refl ected anteriorly.

Fig. 8. The dura along the middle fossa is elevated exposing the middle meningeal artery 
(MMA). The MMA is coagulated and cut at the foramen spinosum exposing the GSPN as it ex-
its the geniculate ganglion via the facial hiatus. The foramen ovale and mandibular branch 
of CN V are identifi ed medially and anteriorly to the foramen spinosum. The course of the 
petrous ICA and inner ear structures (cochlea and semicircular canals) are shown in relation-
ship to these structures. Figures 2, 3, 4, 5, 6, 8 are reprinted with permission from Al-Mefty 
O: Operative Atlas of Meningiomas. Philadelphia, Lippincott-Raven Press, 1998
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8. CLOSURE

At the conclusion of the case, the dura must be closed in a watertight fashion 
using a patch graft as necessary to avoid tension on the brain and to allow 
tenting to the bone fl ap to occlude dead space, thereby avoiding epidural fl u-
id collection. In cases where the sphenoid, ethmoid, or maxillary sinuses have 
been entered, we pack these areas with autologous fat and carefully identify 
and repair any associated dural openings. Exposure of the frontal sinus is 
commonly encountered. When exposed, the mucosa is exenterated, the fron-
tal wall is drilled, and the sinus is cranialized by removing the posterior wall. 
The nasal frontal ducts are occluded with muscle, and the vascularized pericra-
nial fl ap is placed between the dura and the exposed sinus. We recommend 
against packing the sinus with foreign material (i.e., bone wax, methylmeth-
acrylate, or hydroxy-apatite) because it can provide a nidus for infection.

The orbital wall ostetomy is reconstructed to the bone fl ap using craniofa-
cial miniplates. Reconstruction of the orbit reduces long-term enophthalmos. 
The bone fl ap is replaced with miniplates, carefully reconstructing the orbital 
rim to ensure a good cosmetic result. Finally the zygomatic arch is recon-
structed using miniplates, and the temporalis muscle is reapproximated.

HOW TO AVOID COMPLICATIONS

Because of the extensive blood supply to the skin fl ap, necrosis resulting from 
vascular insuffi ciency is rare; however, aggressive coagulation of superfi cial 
vessels, the application of strong hemostatic clips to the skin edge, or acute 
folding of the skin fl ap can interfere with the blood supply and subsequently 
cause fl ap complications [7]. The use of thermal coagulation along the tempo-
ralis fascia and during the elevation of the temporalis muscle can cause injury to 
the frontalis branch of the facial nerve and the trigeminal branch to the tem-
poral muscle contributes to the postoperative atrophy of the temporalis muscle 
[9, 16]. Additionally, we recommend preservation of the STA, not only for its 
potential use as a vascular bypass, but also for its preserved vascular supply to 
the temporalis muscle [9]. Postoperative periorbital swelling is common but 
usually resolves quickly without functional or cosmetic defi cits [9, 15].

Entrance into the frontal or other paranasal sinuses is a source of potential 
complications, including infection, CSF leaks, mucoceles, or pneumocepha-
lus [9, 10]. However, with meticulous dural closure, packing of the exposed 
sinuses, exenteration of the frontal sinus, and disposal of the instruments 
from the surgical fi eld after use in the sinus, we have experienced few compli-
cations specifi cally related to these maneuvers [2, 9].

Dissection of the middle fossa fl oor presents a specifi c group of complica-
tions. We use the operative microscope to aid in this dissection as it provides 
both improved illumination and better visualization of the structures. As stat-
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ed earlier preservation and careful dissection of the GSPN are necessary. 
 Additionally, dissection of the branches of the trigeminal nerve can cause post-
operative pain, dysesthesia, or masticatory weakness; however, these complica-
tions have seldom been encountered in our experience. Careful dissection of 
the petrous ICA does not need elaboration; however, injury to the Eustachian 
tube should be avoided because it can cause chronic serous otitis media nec-
essitating the placement of tympanostomy tubes. Finally, bleeding can be 
encountered during the dissection of the cavernous sinus. It can be brisk but 
usually is controllable by gently packing the sinus with hemostatic materials.

CONCLUSIONS

The cranio-orbital zygomatic approach is a versatile approach, which can be 
custom-tailored to the patient’s pathology. Its ability to maintain cosmetically 
appealing results with extensive exposure of the anterior fossa, middle fossa, 
and petroclival regions with minimal morbidity makes this approach a main-
stay in skull base surgery.
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HOW TO PERFORM MIDDLE 
FOSSA/SPHENOID WING APPROACHES

F. UMANSKY

INTRODUCTION

The skull base is a very complex anatomical region with an irregular bony 
architecture, which is classically divided into anterior, middle, and posterior 
compartments called fossae. The presence of dural folds, blood vessels, and 
cranial nerves provides a surgical challenge for even the most experienced 
neurosurgeon. Several approaches have been described to reach different 
parts of the middle fossa. These skull base approaches usually require bony 
drilling for exposure, to control the tumor blood supply, and to minimize 
brain retraction. Knowledge of anatomy acquired in the laboratory, as well as 
learning to handle relevant microinstrumentation, including microdrills, is of 
paramount importance for the young neurosurgeon who is interested in the 
diffi cult fi eld of skull base surgery.

In this chapter we will discuss the tumoral pathology of the middle cranial 
fossa, with an emphasis on intracranial, intradural extra-axial lesions. Special 
consideration will be given to the most common tumors in this category, sphe-
noid wing meningiomas. We will discuss surgical approaches, techniques, and 
complications related to the surgical removal of these challenging lesions.

RATIONALE

1. ANATOMY OF THE MIDDLE FOSSA

The middle cranial fossa is deeper than the anterior fossa, and its lateral parts 
are larger than its central part. The anterior limit is bounded by the posterior 
borders of the lesser wings of the sphenoid bone, the anterior clinoid pro-
cesses (ACP), and the anterior margin of the chiasmatic sulcus. The middle 
fossa is limited posteriorly by the superior borders of the petrous bones and 
the dorsum sellae, and laterally by the temporal squamae, the frontal angles of 
the parietal bones, and the greater wings of the sphenoid (Fig. 1).

The central part of the middle cranial fossa is formed by the body of the 
sphenoid bone and includes the tuberculum sellae, the sella turcica, middle 
and posterior clinoid processes, the carotid sulcus, and the dorsum sellae. On 

Keywords: skull base approach, middle fossa region, lateral approaches
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each side of its central part, the cavernous sinus extends from the medial end 
of the superior orbital fi ssure to the apex of the petrous bone.

In the endocranial surface of the middle cranial fossa, there are several 
bony canals and foramina containing vessels and nerves that are important 
anatomical landmarks:

Optic canal – formed by the anterior and posterior root (optic strut)  1. 
of the lesser wing. The optic strut separates the optic canal from the 
superior orbital fi ssure. The optic nerve (ON) (CN II) and the oph-
thalmic artery course through the canal.
Superior orbital fi ssure (SOF) – located between the lesser and  2. 
greater sphenoid wings. The SOF contains the oculomotor (CN 
III), throclear (CN IV), ophthalmic (CN V, V1), and abducens (CN 
VI) nerves, as well as a recurrent meningeal artery and the superior 
and inferior ophthalmic veins.
Foramen rotundum – located in the greater wing of the sphenoid,  3. 
contains the maxillary (CN V, V2) and ovale for the mandibular 
(CN V, V3) nerves.
Foramen spinosum – posterior and lateral to the foramen ovale,  4. 
contains the middle meningeal artery.
Trigeminal impression – located in the petrous apex, contains  Meckel’s  5. 
cave and the semilunar ganglion (trigeminal or gasserian ganglion).

Fig. 1. Endocranial surface of the skull base. The dashed lines on the left side represent 
the limits of the middle fossa. ACP Anterior clinoid process; AE arcuate eminence; FO 
foramen ovale; FS foramen spinosum; GT Glasscock’s triangle; GW greater wing of the sphe-
noid bone; KT Kawase’s triangle; LW lesser wing of the sphenoid bone; OC optic canal; 
PB  petrous bone; SOF superior orbital fi ssure



117

HOW TO PERFORM MIDDLE FOSSA/SPHENOID WING APPROACHES

Upper surface of the petrous bone – presents two grooves for the  6. 
greater (GSPN) and lesser (LSPN) superfi cial petrosal nerves. These 
nerves can be confused with dural strands of the middle fossa fl oor 
and are diffi cult to dissect.
Carotid window – the most anterior segment of the intrapetrous ca- 7. 
rotid artery, covered by a thin bony plate in 75% of our specimens, 
and by the periosteum only in the remaining 25%.
Tensor tympani and eustachian tube – located medial to the  foramen  8. 
spinosum and lateral to the horizontal segment of the petrous 
 carotid.
Arcuate eminence – situated posteriorly in the upper surface of the  9. 
petrous bone, marks the location of the superior semicircular canal.
 Kawase’s triangle (posteromedial middle fossa triangle) [8, 9] – the 10. 
anterior limit is defi ned by the lateral border of V3 and the gasserian 
ganglion. Posteriorly, it is defi ned by a line parallel, and 13 mm pos-
terior, to the anterior border. The medial limit corre sponds to the su-
perior petrosal sinus and the lateral limit is marked by the horizontal 
segment of the intrapetrous carotid and overlying GSPN.
 Glasscock’s triangle (posterolateral middle fossa triangle) [4] – locat-11. 
ed lateral to Kawase’s triangle, is bounded laterally by a line drawn 
from the foramen spinosum toward the arcuate eminence, ending at 
the facial hiatus; medially by the GSPN; and anteriorly by the man-
dibular division of the trigeminal nerve (V3).

The exocranial surface of the middle fossa includes the infratemporal fossa, 
the pterygopalatine fossa, and the parapharyngeal and infrapetrosal spaces.

2. CLASSIFICATION OF THE MIDDLE FOSSA TUMORS

Tumors of the middle cranial fossa can be classifi ed in accordance with their 
anatomical origin from intracranial or extracranial surfaces. By bony ero-
sion, or growth through natural openings/canals, foramina, or fi ssures of 
the fl oor of the middle fossa, tumors can extend from one compartment to 
another.

2.1 Intracranial tumors

Intradural 1. – meningiomas, schwannomas, epidermoids, dermoids
Extradural 2. – chordomas, chondrosarcomas, metastases

2.2 Extracranial tumors

Infratemporal fossa 1. – juvenile angiofi bromas, fi brous dysplasias
Pterygopalatine fossa 2. – juvenile angiofi bromas
Parapharyngeal space 3. – carcinomas
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Orbital cavity 4. – ON sheath meningiomas, schwannomas, lympho-
mas, cavernous hemangiomas, ON gliomas, bone lesions (osteomas, 
dysplasias, aneurysmal bone cysts, metastases, etc.)

3.  SPECIAL FEATURES OF MENINGIOMAS, SCHWANNOMAS 
AND EPIDERMOID/DERMOID CYSTS

3.1 Meningiomas

Meningiomas of the sphenoid wing and middle cranial fossa represent ap-
proximately 17–25% of all intracranial meningiomas. This is the third most 
common site of origin for meningiomas, after the convexity and parasagittal 
areas.

Fig. 2. T1-weighted+Gd MR images of meningiomas in the sphenoid wing. A Meningioma 
in the inner third of the sphenoid wing with optic nerve involvement. B Meningioma origi-
nating from and confi ned to the middle third of the sphenoid wing. C Pterional global men-
ingioma in the outer third of the sphenoid wing

A B

C
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Cushing and Eisenhardt divided the sphenoid ridge into three approxi-
mately equal sections: deep, inner, or clinoidal; middle or alar; and outer or 
pterional [3]. They described two types of pterional lesions: meningiomas en 
plaque, which provoke hyperostosis of the greater wing; and global meningi-
omas, which expand within the crotch of the Sylvian fi ssure.

Inner third sphenoid wing- or clinoidal meningiomas (Fig. 2A) are 
characterized by involvement of the optic nerve (ON) early in their 
growth. Hyperostosis of the ACP is usually present, and there is partial or 
total encasement of the internal carotid artery and its branches. The tumor 
may also attach to the lateral wall of the cavernous sinus (CS) and/or 
invade it. Involvement of the CS may cause diplopia and facial hypoesthe-
sia. Venous congestion, hyperostosis, and orbital extension may lead to 
exophthalmos.

Meningiomas confi ned to the middle third of the sphenoid ridge are rare 
(Fig. 2B), and usually represent extension of a clinoid or pterional lesion.

Meningiomas of the outer third or pterional section may be either global 
or en plaque. Pterional-global lesions behave as convexity meningiomas 
(Fig. 2C), which can become large and cause seizures, mass effect, and focal 
neurological defi cits, with or without signs of intracranial hypertension. The 
en plaque lesions (Fig. 3), also known as spheno-orbital meningiomas, are 
characterized by hyperostosis of the sphenoid wing and orbital bone, causing 
exophthalmos. Tumor can also infi ltrate the orbit, optic canal, CS, and base of 
the middle fossa. Visual defi cits are not infrequent.

Petrous apex meningiomas (Fig. 4) can be considered as a type of petro-
clival meningioma originating in the anterior aspect of the petrous bone, me-

A

B

Fig. 3. A T1-weighted Gd-enhanced MR image of a spheno-orbital or en plaque menin-
gioma. Note extensive bony hyperostosis (white arrow) and the enhanced plaque of the 
lesion (black arrow). B 3-D reconstruction of the craniotomy site showing closure using the 
Craniofi x titanium clip (3 small arrows) (CF: Aesculap AG, Tuttlingen, Germany) and titanium 
mesh (large arrow)
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dial to the internal auditory canal. These tumors can be resected by an ex-
tended middle fossa approach with anterior petrosectomy and opening of the 
tentorium, as described by Kawase in 1991 [9].

Fig. 5. T1-weighted Gd-enhanced MR image of a right trigeminal schwannoma arising 
from V3

Fig. 4. T1-weighted Gd-enhanced MR image of a petrous apex meningioma
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3.2 Schwannomas

The schwannomas are benign tumors composed entirely of Schwann cells. 
They are the second most common extra-axial intracranial tumor, preceded 
by meningiomas. They constitute 5–10% of all intracranial neoplasms, and 
have a predilection for sensory nerves. The vestibular division of the eighth 
cranial nerve is the most common site of origin, followed by the trigeminal 
nerve. Schwannomas of the jugular foramen and the facial nerve are less fre-
quent. Trigeminal schwannomas (Fig. 5) can originate from the cisternal seg-
ment of the nerve, from Meckel’s cave, in the CS, and in the superior orbital 
fi ssure. The tumor can extend below the skull base through the foramen 
ovale. A dumbbell confi guration with supratentorial (Meckel’s cave) and in-
fratentorial (cerebellopontine angle) components is not unusual.

3.3 Epidermoid and dermoid cysts

Intradural epidermoid and dermoid cysts are congenital developmental lesions 
composed of a layer of stratifi ed squamous epithelium covered by an external 
fi brous capsule. Mesoderm elements (hair, sebaceous, and sweat glands) can be 
found inside the dermoid cysts. Epidermoid cysts, frequently called “pearly tu-
mors” because of their gross external appearance, represent approximately 1.5% 
of all intracranial tumors. They grow slowly by desquamation of the epithelial 
cells and conversion to keratin and cholesterol crystals. They are usually located 

Fig. 6. T1-weighted Gd-enhanced MR image of an epidermoid in the parasellar region com-
pressing the brainstem
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in the cisterns of the cerebellopontine angle, supra- and parasellar regions, or the 
middle cranial fossa (Fig. 6). They can be differentiated radiologically from 
arachnoid cysts using MRI diffusion-weighted imaging. On T1-weighted MRI, 
epidermoid cysts demonstrate mild hypointensity, while dermoid cysts show 
marked hyperintensity. Dermoid cysts are less frequent than epidermoid cysts 
(0.3–0.6% of intracranial  tumors) and located mostly in the posterior fossa. 
They can rupture into the subarachnoid space or inside the ventricles.

DECISION-MAKING

In order to obtain a successful outcome in the treatment of neurosurgical dis-
eases, the decision-making process is based on indications for surgery and its 
timing. Choosing the best operative approach for a particular situation is as im-
portant as the choice of specifi c instrumentation and updated technology. Surgi-
cal approaches to deal with middle fossa tumors (Fig. 7) are chosen based in the 
location and size of the lesions. Other considerations will be the neurosurgeon’s 
experience, the extent of resection sought, and the patient’s expectations.

SURGERY

1. PTERIONAL APPROACH

1.1 Superfi cial planes

The pterional-transylvian approach is the most common and useful approach 
to deal with a wide range of lesions in the anterior, middle, and posterior cra-

Fig. 7. Frequently used approaches for tumors of the middle fossa drawn on the skull base
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nial fossa. It is a classic approach, which was popularized by Yaşargil et al. 
[12], and can be modifi ed according to the pathology into frontolateral or 
fronto-orbitozygomatic (FOZ) craniotomies (Fig. 8).

The patient is positioned supine with the head turned about 40° to the op-
posite side, and slightly extended. After positioning, the patient is securely 

Fig. 8. The pterional approach (dashed line) and its frontolateral (dotted line) and fronto-
orbital zygomatic (solid line) variants drawn on the skull surface

Fig. 9. The patient is fi rmly attached to the table with hip supports and plastic tape to en-
able tilting in the desired direction
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attached to the table with plaster tape so that the table may be rotated in any 
direction (Fig. 9). For the frontolateral approach, the head is turned only about 
20°. For expanded exposure, an orbitozygomatic osteotomy can be added.

The head is fi xed to the operating table with the Mayfi eld three-pin 
headrest. The scalp incision starts inferiorly, just anterior to the tragus and 
behind the superfi cial temporal artery (STA). From here it runs superiorly 
behind the hairline towards the midline. In cases where the FOZ approach 
is to be used, the incision is extended towards the contralateral superior 
temporal line (STL). The subgaleal scalp fl ap elevation is sharply begun at 
the frontal convexity down to the ipsilateral STL level. At this point an in-
terfascial dissection is started in order to preserve the frontal branch of 
the facial nerve. The pericranium is transected along the temporal line and 
 elevated separately, preparing it for later use as a pericranial fl ap to cover 
the frontal sinus.

Next, with the cutting current of the diathermy, the posterior belly of the 
temporal muscle and its aponeurosis is cut down to the periosteum and paral-
lel to the skin incision. A retrograde subperiosteal elevation of the temporal 
muscle from the STL is performed with the aid of a periosteal elevator, with-
out any cauterization. Thus, the full bulk of the muscle is atraumatically ele-
vated and its neurovasculature is nicely preserved.

1.2 Craniotomy

Two small diameter burr holes, just large enough to admit the craniotome foot-
plate, are usually used to develop the bone fl ap. The fi rst burr hole is the Mac-
Carty keyhole [11], located behind the frontozygomatic suture, and the second 
is placed above the posterior part of the zygoma at the temporal fossa fl oor. A 
third burr hole may occasionally be necessary, and is located beneath the tem-
poral line. No burr hole is placed in the forehead. The bone fl ap cut is made 
with the fl uted router of a pediatric craniotome to minimize bone loss. From 
the temporal burr hole, the bone cut is directed across the temporal squama and 
the frontal bone to the keyhole. The lower part of the bone fl ap is cut using the 
same fl uted pediatric router. The footplate is inserted into the temporal burr 
hole and the osteotomy is performed across the base of the bone fl ap towards 
the keyhole with the fl uted router drill tilted as low as possible beneath the re-
fl ected temporal muscle, towards the fl oor of the middle cranial fossa. This 
usually eliminates the need for extra bone removal with the rongeurs upon 
completion of the craniotomy. The osteotomy is continued until the footplate 
is stuck at the lateral part of the sphenoid wing. Here, the last bone bridge is 
fi nally transected with a drill, and the free bone fl ap is elevated.

1.3 Frontolateral approach

The fi eld of vision achieved with a more medially placed craniotomy, such as 
in the frontolateral approach, described by Brock and Dietz [1], can also be 
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achieved with the pterional approach, by tilting the operating table in the 
desired direction.

1.4 Fronto-orbitozygomatic approach

Although variations of the orbitozygomatic approach have been used since 
the 1970s, it was popularized a decade later by Jane et al. [7] for the exposure 
of tumors of the lateral anterior cranial fossa and those in the orbit and retro-
orbital regions.

The pterional approach will be used for the vast majority of tumors  located 
in the anterior two thirds of the middle cranial fossa. In some circumstances, 
when a more basal approach is needed, an orbitozygomatic craniotomy may 
be necessary. We prefer to utilize the so called “two piece” orbitozygomatic 
craniotomy, which means that the pterional bone fl ap is elevated fi rst, and 
then as a second, distinct step, the orbitozygomatic osteotomy is performed. 
This osteotomy will include the supraorbital rim, part of the roof and lateral 
wall of the orbit, and a portion of the zygoma.

1.5 Extradural stage

Meningiomas of the inner third of the sphenoid ridge, including clinoid 
meningiomas, frequently involve the ON, causing visual deterioration. 
They may also encase the internal carotid artery (ICA) and its branches, and 
induce hyperostotic thickening of the ACP. In many cases we prefer to be-
gin with extradural drilling of the skull base to diminish tumor vasculariza-
tion, to obtain early decompression of the optic nerve by opening its canal, 

Fig. 10. Right side anatomical specimen after extradural drilling of the anterior clinoid 
process and opening of the optic canal and superior orbital fi ssure (SOF). The optic nerve 
sheath has been opened revealing the nerve (ON). Note the proximity of CN III to the inter-
nal carotid artery (ICA) in the clinoid space. The lateral wall of the cavernous sinus (CS) is 
clearly seen
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and to identify the ICA in the clinoid space proximal to its encasement by 
the tumor. After the pterional bone fl ap is elevated, the microscope is 
brought to the surgical fi eld. The dura mater covering the anterior and mid-

Fig. 11. Intraoperative view of a left inner third sphenoid wing meningioma after opening 
the dura mater. The area of extradural drilling is delineated by the broken line, showing 
the optic nerve (ON) after opening the canal, the ICA within the clinoid space, and CN III by 
transparence in the most medial aspect of the superior orbital fi ssure. Outside the broken 
line, the intradural portion of the ICA and ON are also seen, already dissected free from the 
tumor (T)

Fig. 12. Removal of the tumor has progressed toward the cavernous sinus (CS) with peeling 
of the outer layer of its lateral wall. The last piece of the tumor (T) is seen still attached to 
this layer. CN III is shown entering the CS, and then by transparence embedded in the deep 
layer of the lateral wall (CN III*). The area of the CS is delimited by the dotted line
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dle cranial fossa is elevated from the orbital roof and the lesser- and greater 
sphenoid ridges, under magnifi cation. The meningo-orbital band is cut to 
facilitate further retraction of the dura mater, and the superior orbital fi s-
sure is exposed. An extradural clinoidectomy is performed, and the optic 
canal unroofed to expose the extradural ON (Figs. 10–12). Cutting and dia-
mond drills accompanied by copious irrigation are used for this extensive 
drilling.

In cases of spheno-orbital meningiomas or meningiomas en plaque, there 
is a lot of hyperostotic bone that needs to be drilled away. The drilling in-
cludes the lesser sphenoid wing, the roof and lateral wall of the orbit, the 
edges of the superior orbital fi ssure down to the foramen rotundum, and the 
beginning of the superior orbital fi ssure. A partial clinoidectomy and unroof-
ing of the optic canal are also performed. The intra-orbital extension of the 
tumor is removed, avoiding injury to the ocular muscles.

1.6 Dural opening and tumor removal

The dura mater is opened low and parallel to the skull base. An additional 
perpendicular cut is placed, following the Sylvian fi ssure. The fi ssure is 
opened, and CSF is released, exposing the tumor. Internal debulking will fa-
cilitate the dissection of the tumor from the vascular structures and optic ap-
paratus. The falciform ligament is cut to complete exposure of the tumor and 
decompression of the ON. Meningiomas of the middle third of the sphenoid 
ridge will be managed in a similar manner, except that there is no need for 
either clinoidectomy or unroofi ng of the optic canal.

If the tumor is adherent to the lateral wall of the cavernous sinus, the 
outer layer of this wall can be peeled out together with the tumor, starting the 
cleavage plane anteriorly at the level of the superior orbital fi ssure, and ad-
vancing posteriorly.

2. SUBTEMPORAL APPROACHES

In this category can be included the classic middle cranial fossa approach and 
the transpetro-apical or extended middle cranial fossa approach.

2.1 Middle fossa approach

Hartley in 1892 [5], and Krause in the same year [10], independently de-
scribed an anterior temporal craniotomy with extradural approach to the 
trigeminal roots and the gasserian ganglion for treatment of trigeminal neu-
ralgia (TN). In 1900, Cushing [2] described total gasserian ganglionectomy 
for TN. House, in 1961, developed the middle fossa approach to reach the 
internal auditory canal (IAC) for the treatment of labyrinthine otosclerosis 
[6]. The approach is used for hearing preservation in cases of small vestibu-
lar schwannomas, and for removal of trigeminal and facial schwannomas.
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The patient is positioned supine with the head turned towards the side 
opposite the tumor. A linear skin incision is performed anterior to the ear, 
extending from the zygoma to the parietal suture. The temporal muscle is cut 
and laterally retracted, and a temporal craniotomy fl ap reaching the skull base 
is tailored. Under the operating microscopy, the dura mater is elevated from 
the fl oor of the middle fossa in a posterior to anterior direction, with efforts 
to preserve the GSPN. The middle meningeal artery is cut at the level of the 
foramen spinosum. The arcuate eminence is identifi ed, and lateral to it the 
tegmen tympani. In cases of vestibular schwannoma, the location of the IAC 
can be delineated with image-guided neuronavigation, and drilling can be 
started. In cases of trigeminal neurinoma, the tumor can be seen bulging 
through the dura, overlying Meckel’s cave.

2.2 Transpetro-apical approach (extended middle fossa approach)

This approach, which consists of an anterior petrosectomy and tentorial 
 incision, allows the removal of lesions that extend from the middle- to the 
posterior fossa, including the area of the petrous apex and superior clivus, 
to the level of the IAC. These lesions include meningiomas, chordomas, 
schwannomas, cholesterol granulomas, cholesteatomas.

The patient is positioned supine with the head rotated 60° to the side op-
posite the tumor, and extended. The skin incision is similar to that used for 
the pterional approach, but extended posteriorly to include more temporal 
bone in the craniotomy. This type of bone fl ap allows for extradural subtem-
poral drilling, as well as splitting of the Sylvian fi ssure for a better mobiliza-

Fig. 13. Right-side anatomical specimen showing the area of drilling in Kawase’s triangle 
for an extended middle fossa approach. The tentorium has been cut, revealing the infraten-
torial compartment
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tion of the temporal lobe when needed. Sometimes a zygomatic osteotomy 
can be added. Drilling in the area of Kawase’s triangle (see the anatomic de-
scription) (Fig. 13) and cutting of the tentorium provide access to the upper 
petroclival region.

HOW TO AVOID COMPLICATIONS

Despite many advances in surgery of the skull base, complications still occur. 
While mortality has been substantially reduced, morbidity remains signifi -
cant. Some important considerations are worth noting here. Even experienced 
surgeons have complications; only those who do not operate have none. Be 
open minded, listen to your colleagues, and learn from their and your mis-
takes. Don’t forget to put your ego to sleep when operating. Work in a team. 
Practice techniques in the anatomical laboratory.

As a fi rst step in complication avoidance, the indications for surgery 
should be carefully analyzed, taking into consideration the patient’s age 
and expectations; presumptive pathology; size, location, and natural history 
of the tumor; the extent of resection that may be achieved; and possibilities 
for adjuvant therapy. Although ideally the goal of surgery is gross total re-
moval at the fi rst attempt, in many patients this goal will not be achievable 
due to a high risk of morbidity. In these cases, leaving a small residual for 
imaging followup or radiotherapy may be the best option.

1. PLANNING

Resecting tumors of the central nervous system is based on the principle of 
atraumatic surgery. To achieve this goal, the surgeon must have a well-devel-
oped operative plan to optimize the use of the working corridors offered by 
the special anatomy of the brain and its surroundings. Although the best pos-
sible strategy is selected during preoperative planning, we must be prepared 
to deal with the unexpected. The choice of a surgical approach must accom-
modate the possibility of adverse situations, unforeseen diffi culties, and re-
lated complications. Modern neurosurgery demands profound knowledge of 
anatomy, surgical skill, meticulous work, and honesty. The concept of mini-
mally invasive surgery refers not only to a small skin incision and cranial 
opening, but to the use of basic principles of microneurosurgery in order to 
limit the damage to perilesional tissue.

The introduction of image-guidance to the neurosurgical armamentarium 
has provided a valuable tool for planning and performing neurosurgical pro-
cedures, allowing us to localize the anatomical boundaries of the tumor and 
recognize the neurovascular structures related to it. Since tumors of the skull 
base are attached to the dura mater and the bone, volumetric changes and 
shifting that occur while carrying out the surgical dissection are minimal 
when compared to those seen during the resection of intra-axial lesions.
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2. POSITIONING, SKIN INCISION, AND CRANIOTOMY

Most middle fossa tumors are removed with the patient in a supine position, 
with the table slightly fl exed and the head turned to the opposite side and 
extended. Care should be taken with fi xation devices for the head. The homo-
lateral shoulder should be elevated to avoid kinking of the neck veins and 
strain on the cervical muscles. Eyelids should be taped after protecting the 
eyes with lubricants, and bony prominences must be well padded. Pneumatic 
devices are applied to the lower extremities to avoid venous thrombosis, and 
the patient is securely attached to the table with several plaster tapes to allow 
for lateral tilting.

The skin incision should take into consideration the scalp vascularization 
and preserve the superfi cial temporal artery. Branches of the facial nerve 
crossing the zygoma to reach the frontalis muscle should not be injured. 
The temporal muscle is superiorly elevated without using cautery, to help 
maintain muscle trophism and improve the cosmetic outcome. A frontal 
pericranial fl ap is elevated separately and prepared for possible use during 
closure of the frontal sinus whenever it is transversed. In cases of a subtempo-
ral approach, a temporal muscle fl ap is used to cover possible sources of CSF 
leak in the middle fossa fl oor. Reconstruction with vascularized pediculated 
fl aps reinforced by application of fi brous glue is the best method to avoid 
leaking. If, despite these measures, there is a postoperative CSF leak, it usu-
ally will be controlled with a short period of spinal drainage.

To avoid the deleterious effects of excessive brain retraction, craniotomies 
are made low enough to reach the skull base, and bone drilling is frequently 
added. High speed drills are used with cutting and diamond burrs of different 
sizes. The skill to use these powerful instruments is developed in the labora-
tory during long hours of training. Overheating may damage cranial nerves, 
especially the optic nerve, and constant copious irrigation is needed.

3. INTRADURAL DISSECTION

After completing the extradural drilling, the dura mater is opened, and the 
intradural stage of the operation begins, usually with the splitting of the Syl-
vian fi ssure. CSF is released and sharp dissection of the middle cerebral artery 
and its branches is performed. The arachnoid of the Sylvian fi ssure should be 
opened in the frontal side, medial to the temporal veins. The ICA is dissected 
in the carotid cistern, and when necessary in the clinoid space. In cases of ar-
terial encasement, angiography and balloon test occlusion will provide valu-
able information. Injury of the vessels during surgery may result in intra- or 
postoperative bleeding or infarction.

During resection of inner-third sphenoid wing meningiomas, the olfactory 
tract and optic and oculomotor nerves can be injured. Special attention is re-
quired when unroofi ng the optic canal and opening the superior orbital fi ssure.
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In cases of a middle fossa approach (classical or extended), the dura ele-
vation from the fl oor of the fossa may result in injury to the GSPN, result-
ing in loss of lacrimation. Traction of the geniculate ganglion or its injury 
during drilling will cause facial paralysis. Diffi culties in closing the eye to-
gether with the absence of lacrimation result in severe keratitis and visual 
deterioration.

Drilling of the petrous apex can injure the petrous ICA, and result in pro-
fuse bleeding. Special care should be taken not to damage the cochlea.

The trigeminal ganglion and its branches are at risk in surgeries of the 
fl oor of the middle fossa and petrous apex, resulting in variable degrees of 
facial hypoesthesia, including loss of sensation in the cornea.

CONCLUSIONS

Neurosurgeons frequently deal with tumors of the middle fossa, of which 
meningiomas are the most common. Several surgical approaches may be used; 
the pterional approach and its variants are the mainstays in this anatomically 
complex area. Careful consideration of tumor characteristics, patient prefer-
ences, and personal experience are essential while planning surgical strategy 
in order to achieve a good outcome. Efforts should be made to achieve a com-
plete removal at the fi rst surgery when possible. A thorough knowledge of 
skull base anatomy and experience acquired in laboratories are prerequisites 
in order to minimize complications and limit surgical morbidity.
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HOW TO PERFORM CENTRAL SKULL BASE 
APPROACHES

L. N. SEKHAR

INTRODUCTION

The central skull base may be defi ned as the spheno-clival and clival areas. 
Lesions involving this region may be intradural or extradural. Intradural le-
sions may be petroclival or lower clival/foramen magnum meningiomas, 
trigeminal or jugular foramen/hypoglossal schwannomas, or other benign tu-
mors. Lesions involving the extradural area are predominantly chordomas, 
chondrosarcomas, cholesterol granulomas, adenoid cystic carcinomas, and 
some invasive pituitary tumors. Many specialized skull base approaches have 
been developed to deal with these lesions.

In this chapter, different approaches will be described. Approaches de-
scribed in detail in other sections of the book will only be mentioned briefl y. In 
general, the approaches may be divided into anterior approaches (transsphenoi-
dal, transnasal endoscopic, transmaxillary, and transoral), antero-lateral ap-
proaches (fronto-temporal orbito-zygomatic, subtemporal transzygomatic 
with petrous apex resection, subtemporal infratemporal), and postero-lateral 
approaches (transpetrosal, and extreme lateral transcondylar).

DECISION-MAKING

Preoperative Studies. In addition to a neurological examination and a com-
prehensive physical examination, an audiogram is indicated whenever an ap-
proach through the temporal bone is contemplated. Most of the patients 
undergo an MRI examination, but a bone windowed CT scan will demonstrate 
the bony anatomy to help the surgeon. Whenever major arteries are affected 
by the tumor, a cerebral angiogram with demonstration of the collateral blood 
supply is performed. If the internal carotid artery is at risk, then an angiogram 
with ipsilateral carotid compression is performed with injection into the con-
tralateral carotid artery, and the vertebral artery to demonstrate the collateral 
fl ow. This is adequate as long as the surgeon plans only a temporary occlu-
sion, and a vascular repair or a bypass is performed in the event of a major 
arterial injury. When major venous sinuses are at risk, the venous phase of the 
angiogram must be carefully evaluated to examine the major venous sinuses, 
and their collateral circulation.

Keywords: skull base, central skull base approaches, microsurgery
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Team Planning. Often, multiple approaches are possible to a lesion. The 
surgeon must be familiar with all of them. The fi nal selection will be based on 
the location of the tumor, the areas of invasion, major arteries involved, the 
physical characteristics of the tumor (soft vs. hard), and the extent of resec-
tion (total, subtotal, or partial) planned. In some cases, the initial approach 
may not be adequate, and another approach may need to be performed in a 
different stage. In many cases, the services of a surgeon from another spe-
cialty (such as ENT or plastic surgery) may be needed in order to perform an 
approach, or the reconstruction. In addition, the patients will need to be un-
der the care of a neuro intensivist postoperatively in a neurosurgical intensive 
care unit, with well trained neurosurgical nurses. Rehabilitation may be im-
portant for some patients after they leave the hospital.

Anesthesia and neuro-monitoring planning. In all patients, the anesthesi-
ologist must strive to maintain an adequate blood volume and oxygenation 
during the case. The brain needs to be slack during the operation, and both 
diuretics and moderate hyperventilation may be used at the start of the op-
eration. For extradural operations, this may be achieved by means of a lumbar 
drain (if the cisterns are open), or a ventriculostomy (if obstructive hydro-
cephalus is present). For intradural operations, cisternal drainage may be ad-
equate, after the standard measures. For most procedures, total intravenous 
anesthesia using intravenous propofol is employed, to allow the monitoring 
of Motor Evoked Potentials (MEP). In addition to MEPs, the electroencepha-
logram, and SSEP (somatosensory evoked potentials) are monitored. The 
function of cranial nerves 5, 7, 8, 10, 11, and 12 are monitored as needed, 
when these nerves are involved by the tumor.

SURGERY

1. ANTERIOR APPROACHES

1.1 Transsphenoidal approach

The transsphenoidal approach is predominantly used for pituitary adenomas, 
which are intrasellar and suprasellar. The use of the endoscope (either primar ily 
or as an assistive device) allows larger intracranial extensions to be re sected. 
However, the purely endoscopic approach takes longer to perform, and is more 
diffi cult to learn. If excessive bleeding occurs, this can be a problem in the 
 endoscopic approach, which may require a conversion to a microsurgical 
 approach. The “extended transsphenoidal approach” allows the  removal of 
tuberculum sellae meningiomas, which are encasing the carotid  arteries.

For the microsurgical approach, the patients are placed supine and the 
head slightly tilted away from the surgeon (to the left for a right handed sur-
geon) with the neck in a slightly extended and in a pin-holder. We prefer to 
use intraoperative navigation, rather than the C arm fl uoroscope in order to 
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localize the anatomy. A sublabial approach is useful for very large tumors 
which have a considerable suprasellar extension, and may also be used in the 
“extended transsphenoidal approach” for meningiomas of the planum sphe-
noidale. If a sublabial approach is used, the upper lip is retracted and a trans-
verse incision is made in the upper gingival mucosa after infi ltration of the soft 
tissue with local anesthetic. Dissection is continued with a dissector to expose 
the cartilaginous nasal septum. The septal mucosa is separated from the sep-
tum. The nasal septum is then fractured from the bony septum (perpendicular 
plate of the ethmoid), and a nasal speculum inserted and opened exposing the 
anterior wall of the sphenoid. Under the microscope, the sphenoid sinus is 
then opened at the ostia with a Kerrison rongeur, or a high speed drill and 
widened laterally until the fl oor of the sella turcia is completely visualized. 
The fl oor of the sella is removed exposing the overlying dura, from one cav-
ernous sinus to the other, and from the palnum to the dorsum sellae. For the 
removal of tuberculum sellae meningiomas, the planum sphenoidale must be 
removed with a high speed drill, in addition to the sellar fl oor.

The transnasal transsphenoidal approach is preferred for most pituitary tu-
mors. The nasal mucosa is treated with cocaine pledgets to reduce the vascular 
congestion. A speculum is placed on one side of the nasal cavity, and under the 
microscope, the postero superior wall of the septum and the anterior wall of the 
sphenoid are reached, using the middle turbinate as the landmark. A small inci-
sion is made in the nasal mucosa and careful dissection of mucosa free from the 
cartilaginous nasal septum and then fractured laterally. A microdebrider may be 
used here to partially remove the middle turbinate to enlarge the access to ostia. 
From here on the sphenoidectomy proceeds as in the sublabial approach, ex-
posing the sella and the dura. During the resection, endoscopic assistance may 
be used for the removal of laterally placed, and suprasellar tumor.

For closure, Duragen and alloderm are laid in the defect, tucked under the 
residual bone edges with a fi nal layer of Bioglue. We then augment the closure 
with Nasopore packing. If an obvious CSF leak is encountered, a lumbar 
drain is placed in the operating room. If a large dura defect is created, an ab-
dominal fat graft is harvested and placed within the sphenoid to augment the 
layer closure. A Foley catheter may be left infl ated inside the sphenoid sinus, 
to keep the packing in place.

Currently, we often use an endoscopic transsphenoidal approach for pi-
tuitary tumors. However, for invasive tumors which involve the clivus exten-
sively, a transmaxillary approach is preferred, because of the shorter, and 
wider exposure.

1.2 Transmaxillary/transfacial approach

This is an approach which is very good for extradural lesions in the midclivus, 
with slight extension to the upper clivus. Moderate extensions into the cav-
ernous sinus and the pterygoid space can be easily dealt with. But this ap-
proach is not preferred when there is extensive invasion beyond these limits, 
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or when there is extensive intradural invasion. The patient is positioned su-
pine with the neck slight extended and head held in a Mayfi eld pin-holder. A 
sublabial incision is made preferred for this approach to maximize cosmesis, 
however a Weber-Fergusson incision can also be employed to approach this 
region. A sublabial incision is made in the upper gingival mucosa and subpe-
riosteal dissection is carried forward superiorly towards the frontal-nasal 
suture and laterally towards pterygoid plates to expose the nasomaxillary re-
gion. Additional dissection of the periorbita of the inferior and medial orbit 

A
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D

Fig. 1. A and B Transmaxillary approach. Upper and middle third of the clivus exposed with 
Lefort I osteotomy. A Lateral view. B AP view. C and D Extended maxillectomy. C Lateral 
diagram. D AP view
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allows for further exposure of the nasomaxillary region. The lateral exposure 
is partially limited by the infraorbital foramen containing the nerve and blood 
vessels. A Lefort I osteotomy can be then performed to detach the maxillary 
bone fl ap to expose the necessary regions of the clivus and the infratemporal 
fossa (Fig. 1A, B). Titanium plates are placed before the osteotomy to secure 
a good alignment post operatively.

Once the lesion has been removed, if a dural defect is present, the defect 
is closed with an abdominal fascial graft and augmented with Duraseal, or 
bioglue. This is reinforced with a layer of abdominal fat graft followed by 
Duragen. This entire repair is held in place by Titanium mesh which is at-
tached to the surrounding bone with titanium screws. The maxillary bone 
fl ap is reattached to the face with plates and screws. A lumbar drain is placed 
before the operation and used post-operatively for 3–5 days to prevent CSF 
leak.

For good accessibility to both clivus and craniocervical junction an ex-
tended maxillectomy approach can be used. This combines the Lefort I oste-
otomy with a midline incision of hard and soft palate (Fig. 1C, D). The initial 
incision is made like the transmaxillary approach; along the alveolar margin, 
extending to the molars on both sides and titanium plates placed in position 
similarly. Then a midline incision is made in the hard and soft palate and saw 
cut applied to hard palate between the upper incisors to allow fl aps to wing 
laterally. A transpharyngeal retractor is applied to hold the palatal fl aps along 
with the transoral retractors for adequate exposure to clivus and region be-
low. This is particularly useful for extensive tumors and congenital anomalies 
producing basilar invagination. Closure is done as mentioned above for trans-
maxillary approach, but needs to be more meticulous to effect proper occlu-
sion and functioning of the palate, making the surgery long and intricate.

1.3 Transoral approach

We rarely use this approach for tumors, since it becomes very limited in its 
lateral reach, which prevents the complete removal of tumors. It is a preferred 
approach for the resection of developmental and rheumatoid lesions of the 
C1 and lower clival area. The patient is positioned supine and the neck 
extended. The region of interest along the clivus will dictate the amount of 
extension of the neck (Fig. 2A, B). Once the oral retractor is placed, a longi-
tudinal incision is placed in the posterior pharyngeal wall. The soft tissues are 
then retracted laterally to expose the nasopharynx and the adenoid pad. The 
mucosa of the nasopharynx is then open in the midline and elevated off the 
clivus. Superiorly, the dissection can be stopped at the junction of the hard 
and soft palate, however if needed the hard palate can be partially resected to 
transverse palatine suture. This will expose the posterior portion of the bony 
septum. Once the mucosa has been removed, the bony septum can then be 
resected to gain more exposure. Inferiorly, the anterior ring of C1 and C2 and 
also be easily exposed. Frequently, after the abnormal bone is resected, there 
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are hypertrophied soft tissues which have to be removed all the way to the 
dura mater. If there is entry into the dura, it must be repaired as previously 
outlined in the transmaxillary approach. The mucosa and the palate are closed 
in layers, and the patient is fed through a nasogastric tube until the mucosal 
layers are healed.

1.4 Extended subfrontal approach

The extended subfrontal approach (Fig. 3A–D) is used for lesions in the 
same areas as the transmaxillary approach. However, a much wider exposure 
is obtained, with the ability to remove intradural and cavernous sinus lesions 
and even repair the ICA in the event of an injury. The patient is in the supine 
position without a head turn, and the surgeon frequently rolls the patient 
from side to side, in order to visualize the opposite corner. This is thus re-
ferred to as an X shaped approach, and the decompression of the orbits is 
needed for this as well as to enhance the midline exposure, and to reduce the 
brain retraction.

A bicoronal incision is made well behind the hair line, and a pericranial 
falp is dissected, starting behind the incision. As one approaches the nasion, 
care must be taken to preserve the supraorbital and supratrochlear arteries, 
which is best done by getting into the galeal–frontalis layer. The supraor-
bital nerves are notched out and freed, if they lie inside a foramen. Dissec-
tion is done just inferior to the frontonasal suture and the periorbita is 
 dissected bilaterally for a distance of approximately 3 cm. A low bifrontal 
craniotomy is then performed, without dural tears. The subfrontal dura is 
dissected from the roofs of the orbit bilaterally and if possible from the 

Midline
incision

Atlas

Foramen
magnum

C1
tubercle
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A B

Fig. 2. Transoral approach. A Midline vertical incision with soft palate elevated to ex-
pose the posterior pharynx. B Exposed C1 tubercle with muscle and ligament attachment 
through the incision (courtesy Raven Press, from “Surgery of cranial base tumors” L. Sekhar, 
I.P. Janecka)
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planum area, sparing the ethmoidal regions, under the microscope. CSF 
drainage from the lumbar drain is useful in this stage. In order to preserve 
olfaction, the entire cribriform ethmoidal plate is drilled away, preserving 
the dural sheath around the olfactory nerves. A bilateral orbitofrontal oste-
otomy is performed in a bat wing shaped fashion, encircling the olfactory 
dural sheath. The olfactory mucosa is then divided inside the nasal cavity, 
preserving it along with the olfactory dural sheath. This entire complex can 
then be retracted superiorly.

The next step is to decompress both optic nerves in their dural sheath, and 
removing the bone of the planum sphenoidale, and the sella turcica. The re-
moval of the anterior clinoid process and the optic struts may be done if 
necessary. The bone is then removed from the body of the sphenoid, forming 
the medial wall of the cavernous sinus. Some of the petrous apex may also be 
removed in this fashion. The intracavernous ICA will be exposed extradur-
ally at the posterior bend, horizontal segment, and the anterior bend. If the 
periosteum overlying the cavernous sinus or the intercavernous sinuses is 
open, profuse venous bleeding may occur. This is controlled by gently pack-
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C D

Osteotomy

Bone resected

Craniotomy

Osteotomy

Fat in sphenoid
& ethmoid sinuses

CN II

Pericranium

Fig. 3. Extended frontal transbasal approach. A Craniotomy. B Osteotomy. C Optic nerves 
unroofed and planum sphenoidale removed. Cavernous carotid artery unroofed and tumor 
resection begins. D Reconstruction of cranial base with free fat grafts and a pericranial 
graft
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ing with oxidized cellulose and then injecting fi brin glue, which will stop the 
bleeding.

Any midline clival tumor can now be removed all the way down to the 
foramen magnum. The lateral limits are the petrous apices, and the hypoglos-
sal nerves. The superior limit is the dorsum sella, although if it is not con-
siderably enlarged, this can be removed by traction. If there is intradural 
extension, it is dealt with similar to the transmaxillary approach, but a titani-
um mesh closure may not be possible, because of extensive bone resection.

Closure involves the reconstruction of any dural defect with fascia, a vas-
cularized pericranial fl ap lining the entire space, and abdominal fat graft to fi ll 
the dead space. A hole is made in the pericranial fl ap for the olfactory nerve 
dural sheath, which is attached to it with a few sutures. Thor orbitotomy is 
reattached in such a way that the pericranial fl ap vascularity is not compro-
mised. The medial canthal ligaments of the eyeball may need to be attached to 
each other with a single suture, if they were splayed by the lesion. A lumbar 
drain is rarely needed.

2. ANTERO-LATERAL APPROACHES

2.1 Fronto-temporal, orbito-zygomatic approach

This approach is useful when there is signifi cant lateral extension, and when 
the cavernous sinuses are involved in a signifi cant way. The patient is posi-
tioned supine and the head turned 45  to the contralateral side with slight 
extension of the neck, malar eminence at the highest point (Fig. 4A–C), and 
fi xed. An area in the abdomen or lateral thigh needs to be prepared for an 
autologous fat graft. Either a bicoronal or a pterional incision crossing mid-
line is made behind the patient’s hairline. The inferior portion of the inci-
sion lies in the skin crease anterior to tragus of the ear. Dissection to elevate 
the skin fl ap is carefully carried-out preserving the peri cranium for repair of 
dura and/or frontal sinus. The dissection is carried anteriorly until the su-
praorbital nerve is encountered paramedially. Laterally, along the dissection 
of temporalis muscle occurs until the superfi cial temporal fat pad is encoun-
tered, and then an interfascial dissection would be required to elevate the 
skin fl ap anteriorly to preserve the frontotemporal banch of the facial nerve 
(Fig. 4C). A subperiosteal dissection is required along lateral orbit to ex-
pose the lateral orbit and inferiorly along the entire course of the zygoma. 
After the temporalis muscle is carefully elevated subfascially to preserve the 
underside, thin fascial layer of the temporalis muscle. The muscle is then 
retracted laterally. The craniotomy is done separately from the orbital oste-
otomy. A frontal-temporal craniotomy is then fashioned to include the ip-
silateral anterior and middle fossa extending medially to the supraorbital 
notch.

The periorbita and the dura are then carefully dissected off the orbital roof 
and walls. Dissection of the frontal dura extends posteriorly to the superior 
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orbital fi ssure. Retractors are then placed to gently retract and protect the 
brain during the orbitozygomatic osteotomy. The medial cut is made lateral 
to supraorbital notch. Posteriorly the orbital osteotomy is made to preserve 
at least 2/3rds of the orbital roof to prevent enophthalmos, and anterior to the 
superior orbital fi ssure. Laterally, the osteotomy is made beginning of the 
inferior orbital fi ssure to the level of the zygomaticofacial foramen. A second 
lateral cut is made from the anterior, inferior edge of the zygoma to connect 
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Fig. 4. A Frontotemporal transcavernous approach – osteotomy cuts for a standard OZO 
(orbitozygomatic osteotomy). B Osteotomy cuts in the orbital roof. C Final appearance after 
craniotomy and OZO. D Intradural exposure of tumor in the cavernous sinus. The sylvian 
fi ssure is split and lateral dural wall over tumor incised. E After removal of intracavernous 
tumor – cavernous sinus and clivus exposed. ICA Internal carotid artery
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with the malar eminence, creating a “V” cut centered on the zygomaticofacial 
foramen. The fi nal cut is made across the root of the zygoma at the junction 
with the squamosal temporal bone (Fig. 4B).

The remainder of the superior orbital fi ssure must be unroofed, and the 
anterior clinoid process removed using the operating microscope. The op-
tic nerve is also decompressed with the removal of the anterior clinoid 
process (Fig. 4D, E). If the ACP is very long, then intradural resection may 
be needed.

The petrous ICA may be exposed extradurally if necessary. The lateral 
wall of the cavernous sinus is peeled away from the cranial nerves extradur-
ally to remove the tumor. If there is extensive invasion, this is often performed 
intradurally, which allows the cranial nerve dissection to be more limited.

2.2 Subtemporal transzygomatic with petrous apex resection

This approach is preferred when the lesion involves the petrous apex, upper 
clivus and the posterior cavernous sinus. The patient is positioned supine 
with the head turned 70  to the contralateral side with slight extension of 
the neck. Excessive head turn is avoided by checking the jugular venous 
pressure. A frontotemporal incision is made, but extended inferiorly just an-
terior to the tragus of the ear. Dissection to elevate the skin fl ap is carefully 
carried-out preserving the pericranium for repair of dura and/or frontal si-
nus. Laterally, along the dissection of temporalis muscle occurs until the su-
perfi cial temporal fat pad is encountered, and then an interfascial dissection 
would be required to elevate the skin fl ap anteriorly to preserve the fronto-
temporal branch of the facial nerve. A subperiosteal dissection is required 
along lateral orbit to expose the lateral orbit and inferiorly along the entire 
course of the zygoma. The temporalis muscle is carefully elevated subfascially, 
preserving the deep temporal fascia, in order to reduce the risk of temporalis 
atrophy. The muscle is then retracted laterally. A predominantly temporal 
craniotomy is performed, after some lumbar fl uid drainage. The zygomatic 
osteotomy may be done with or without the inclusion of the condylar fossa, 
as dictated by the need for posterior exposure. If done without the condylar 
fossa, then the posterior cuts are made just anterior to the temporomandibular 
joint, and the anterior cuts lateral to the lateral wall of the orbit.

Any additional squamous temporal bone is resected piecemeal or as a sin-
gle piece. Under the microscope, the middle fossa dura is elevated to expose 
the middle meningeal artery, greater superfi cial pertrosal nerve (GSPN), V3, 
and arcuate eminence of the petrous bone are identifi ed. The middle menin-
geal artery and GSPN are cauterized and divided. From here the greater wing 
of the sphenoid is drilled to expose foramen ovale (lateral) and foramen ro-
tundum (anterior). The dura overlaying V2 and V3 can be cut and elevated for 
added exposure medially along the petrous apex. Venous bleeding from the 
pterygoid plexus or the cavernous sinus is handled in the usual way, by gentle 
packing, and fi brin glue injection.
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From the exposure of the petrous apex, the petrous portion of the internal 
carotid artery (ICA) is identifi ed at the junction of GSPN and V3 (Fig. 5A, 
B). The ICA is then unroofed anterior to the genu of the petrous ICA, which 
is medial to Eustachian tube. Once the carotid artery is identifi ed, it can be 
skeletonized and freed from the surrounding bone. Mobilization of the ca-
rotid artery allows for further exposure of the apex. The petrous apex is re-
moved with a high speed drill or the ultrasonic bone curette.

Once the bone is removed, the petroclival dura will be exposed. In order 
to expose the posterior cavernous sinus or the upper clivus, it is essential to 
open the dura mater, and to work between the fascicles of the trigeminal root 
inside the Meckel’s cave, or by dividing the trigeminal ganglion between V2 
and V3 (trans trigeminal approach).

Opening the dura of the medial wall of the cavernous sinus then exposes 
the dorsum sellae and the posterior cavernous sinus.

2.3 Subtemporal-infratemporal approach

The subtemporal-infratemporal approach is an inferior extension of the sub-
temporal transzygomatic with petroclival bone. A more extensive exposure 
of the mid and lower clivus is obtained, especially on the ipsilateral side. This 
is an ideal approach for some petroclival chondrosarcomas and cholesterol 
granulomas. The difference lies in performing an osteotomy of the zygoma 
with the condylar fossa, removing the Eustachian tube, and exposing and dis-
placing the entire petrous ICA anteriorly.

The details of the approach are similar to the previous one until the zygo-
matic osteotomy (Fig. 6A, B). The dura mater is elevated over the condylar 
fossa extradurally. The temporomandibular joint capsule is opened and the 
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Fig. 5. A Subtemporal transzygomatic petrous apex resection with tumor lying in the 
cavernous sinus and extends to the level of the horizontal petrous internal carotid artery 
(ICA). B Exposed anatomy after tumor resection with this approach. BA Basilar artery; GSPN 
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meniscus of the joint is depressed inferiorly. The middle fossa dura is elevated 
to expose the middle meningeal artery, greater superfi cial pertrosal nerve 
(GSPN), V3, and arcuate eminence of the petrous bone are indentifi ed 
(Fig. 6C–E). The middle meningeal artery is cauterized and divided and fo-
ramen spinosum is packed with bone wax. The condylar fossa then is transil-
luminated to outline the entire fossa and the two cuts are made to include the 
entire fossa medial to the foramen of spinosum and the root of the zygoma. 
Care must be taken not to make the cuts too medially, to avoid damaging the 
facial nerve or the ICA.

After the horizontal segment of the petrous ICA is exposed by extradural 
dissection, the dissection is extended inferiorly by removing the tensor tym-
pani muscle, the Eustachian tube, and the tympanic bone, unroofi ng the ge-
nus and the vertical segment of the petrous ICA. The ICA is dissected from 
the bony canal extraperiosteally. At the entrance to the carotid canal, there is 
a thick fi brocartilaginous ligament which has to be divided, and partially ex-
cised. Superiorly, the bone is removed medial to V3, and lateral to the petrous 
ICA. This will allow the complete mobilization of the petrous and upper 
cervical ICA (Fig. 6E).

Critical structures lie medially and posteriorly. The middle ear and the 
genu of the facial nerve lie superiorly and posteriorly, whereas the jugular 
bulb and the lower cranial nerves lie posteriorly and inferiorly to the petro-
clival region. Entry into the jugular bulb is dealt with in the usual manner 
with gentle packing, and if necessary by fi brin glue injection. Both ends of the 
Eustachian tube must be closed, the anterior end by packing oxidized cellu-
lose and a suture, and the posterior end with a small fat graft.

If there is a dural defect, it is closed in the usual fashion with fascia and 
Duraseal, augmented with abdominal fat graft. Flow through the petrous 
ICA must be confi rmed by Doppler fl owmetry.

3. POSTERO-LATERAL APPROACHES

3.1  Transpetrosal (retrolabyrinthine, partial labyrinthectomy/petrous 
apicetomy (PLPA), translabyrinthine, and total petrosectomy)

This approach is used predominantly for intradural tumors such as petro-
clival meningiomas. However, when an extradural lesions such as a chordoma 
has an extensive intradural invasion, marked compression of the brain stem 
and encasement of the basilar artery, this approach would be preferred, since 
it allows these structures to be removed under direct vision.

A lumbar drain is in place. The preoperative angiogram must be carefully 
inspected to observe the venous sinuses and the vein(s) of Labbe. The patient 
is placed in a supine position with the head turned 70  to the contralateral side 
or in a park bench position if a limited mobility of the patient’s neck is ob-
served preoperatively. A U-shaped incision starting in the preauricular area 
(1 cm anterior to the root of the zygoma), curving up into the temporal re-
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gion, and extending retro auricularly to just below the mastoid tip is used 
(Fig. 7A). The posterior half to third of the temporalis muscle and some of the 
pericranium in the frontal region (temporofascial fl ap) is elevated separately 
and refl ected inferiorly. The retrosigmoid muscles are refl ected inferiorly. Af-
ter draining some fl uid from the lumbar drain, a mid and posterior temporal 
craniotomy is performed, extending at least 2 cm posterior to the projected 
transverse sigmoid junction. Following this, a retrosigmoid craniotomy is 
performed (if necessary) across the transverse sinus, down to the fl oor of the 
posterior fossa. Depending on the petrosal approach chosen to expose the 
presigmoid space; a radical mastoidectomy is required to expose the sigmoid 
sinus, superior, lateral, and posterior semicircular canal, the vestibular aque-
duct, jugular bulb, and the facial nerve canal (Fig. 7B). In the PLPA approach, 
the posterior and superior semicircular canals are opened and waxed to pre-
vent the loss of endolymph and hearing loss. They are then removed. A 
petrous apicectomy is then performed, working through this space. This pro-
vides more room than a standard retrolabyrinthine approach, particularly on 
the right side, where the sinus is often larger. In the translabyrinthine ap-
proach, the entire labyrinthine bone is removed to the level of vestibule along 
with the bone to the IAC.

A total petrosectomy approach is rarely used in order to gain a much bet-
ter exposure of the brain stem. Here, the facial nerve is completely skele-
tonized from the cisternal segment to the stylomastoid foramen, and after 
dividing the GSPN, displaced postero inferiorly. The petrous ICA is dis-
placed anteriorly, similar to the subtemporal-infratemporal approach. The 
remaining temporal bone is drilled away, sacrifi cing ipsilateral hearing. The 
jugular bulb and the lower cranial nerves are carefully protected.

Once the bony work is completed the dura opening starts with an incision 
in the presigmoid area beginning anterior and parallel to the sigmoid sinus 
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and superior to the jugular bulb. This incision is then extended anteriorly 
until the superior petrosal sinus. A second dura opening occurs on the tem-
poral side over the inferior temporal gyrus towards the superior petrosal si-
nus. The superior petrosal sinus is ligated and divided and the tentorium is 
then incised. Care must be taken to avoid the fourth nerve and superior cer-
ebellar artery. Meckel’s cave is then opened, with the control of the bleeding 
from the cavernous sinus as needed. The operation then proceeds with mini-
mal brain retraction, working between cranial nerves 3–9.

For the closure of the transpetrosal approach, the mastoid air cells and the 
entrance into the middle ear are carefully closed with bone wax. Any dural 
defect is closed with pericranium or Duragen. The temporofascial fl ap is then 
rotated over the mastoidal area. Abdominal fat graft is used to fi ll any remain-
ing defect posterior to the temporofascial fl ap. If the bone over the mastoid 
area has been removed by drilling, it must be replaced with titanium mesh, in 
order to prevent a depression in the area when it heals.

3.2 Extreme lateral transcondylar approach

This is the best approach for tumors in the foramen magnum upper cervical 
area which are anterior to the spinomedullar junction. The extreme latera ap-
proach has 6 variations, which are useful for neoplastic and vascular lesions of 
this area. We will only describe the partial transcondylar (used for foramen 
magnum meningiomas), and the complete transcondylar (used for extradural 
lesions such as chordomas) approaches.

The patient is placed in a lateral, park bench position with the lower arm 
placed in a cloth sling and the upper arm padded around a pillow. The head is 
held in a Mayfi eld pin holder with the head rotated slightly towards the sur-
geon, and neck fl exed and extended laterally (Fig. 8A). A C-shaped incision 
extending from the superior temporal line posteriorly into the retroauricular 
region and into the lateral neck is used. The inferior extent of the incision will 
depend on the need to expose C2. The skin fl ap is refl ected forward with the 
sternomastoid muscle, and the remaining muscles are elevated in layers. The 
next layer consists of the Splenius capitis, the next layer has the semispinalis 
capitis, the longissimus capitis and cervicalis, and the oblique and recti mus-
cles. The occipital artery lies between the second and third layers (Fig. 8B).

A key step is to identify the vertebral artery (the second and third seg-
ments) from C2 to the foramen magnum. This is done under the microscope. 
It may be identifi ed in the suboccipital triangle, between C2 and C1. The C1 
lamina, the perivertebral venous plexus, and the C2 nerve are useful land-
marks in its identifi cation. Any bleeding from the venous plexus is handled 
by bipolar cautery, and fi brin glue injection. The foramen transversarium of 
C1 is completely unroofed, and the lateral third of the C1 lamina is removed. 
The VA can then be displaced medially.

A small retrosigmoid craniotomy is performed extending through the fo-
ramen magnum. A low mastoidectomy just posterior to the facial nerve is 
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Fig. 8. A Patient positioning and incision for a complete transcondylar extreme lateral ap-
proach. If combined with petrosal approach, then the patient is placed supine with head 
turned 45º. B Retrosigmoid craniotomy and C1 laminectomy have been performed. The VA 
(vertebral artery) has been mobilized medially. The occipital condyle can now be resected as 
needed for complete tumor removal. C Tumor resection commenced. D Relationship among 
the VA (vertebral artery), C2 dorsal root, C1 lamina and occipital condyle. E Extreme lateral 
partial transcondylar approach for a hypoglossal eschwannoma. Intradural exposure shows 
the location of hypoglossal schwannoma. IJV Internal jugular vein

performed to expose the posterior edge of the sigmoid sinus, and to access the 
occipital condyle. Any bleeding from the condylar emissary vein is stopped 
with oxidized cellulose, and bone wax (Fig. 8C). This venous canal is also a 
marker to the hypoglossal canal which lies just inferior to it.

The posterior half of the occipital condyle, and the lateral mass of C1 in-
cluding portions of the jugular tubercle are removed with a drill or ultrasonic 
aspiration which will expose the hypoglossal canal (Fig. 8E). For intradural 
tumors, removal of enough bone should be performed in order to have about 
1 cm of dura exposed lateral to the entrance of the VA into the dura mater. 
The dural opening then is performed encircling the artery (Fig. 8C, D). The 
fi rst dentate ligament and the C1 rootlets are divided, and tumor resection 
proceeds with no brain stem retraction. During closure, the resection bed is 
gently packed with autologous fat and dura primarily sutured if violated. Pri-
mary dural closure is usually impossible; a fascial or pericranial graft is used 
and supplemented with tissue glue, followed by autologous fat.

For extradural tumors, the entire occipital condyle and lateral mass of C1 
are removed. Complete unroofi ng of the jugular bulb may also be helpful. 
Further inferior exposure can be achieved by unroofi ng the VA in the C2 
foramen, and removing the lateral mass of C2. When a complete condylar 
resection is performed, a fusion procedure is needed. We prefer to delay this 
by about a week from the tumor removal. If possible, a bone graft may be 
placed from C2 to the clivus. The actual fusion is from the occiput to C2–3. 
using a preshaped titanium ring, screws into the occipital bone, and the lat-
eral masses.

4. USE OF COMBINED/ALTERNATIVE APPROACHES

Extensive tumors may require the use of combined approaches in stages, usu-
ally in 2 and rarely in 3 stages.

HOW TO AVOID COMPLICATIONS

The key to complication avoidance is the use of the correct operative ap-
proach, anatomical knowledge, and expertise, which is gained by learning 
from one’s and others’ experience. Common complications include CSF 
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leaks, cranial nerve palsies, infection, hematomas, vascular injuries, and rarely 
brain or brain stem injuries. Management of complications addresses recogni-
tion of the cause of the problem, and appropriate treatment.
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HOW TO PERFORM SELECTIVE 
EXTRADURAL ANTERIOR CLINOIDECTOMY

Y. YONEKAWA

INTRODUCTION

The anterior clinoid process is a part of the sphenoid bone overlying the optic 
nerve and the carotid artery taking a veer medially to the planum sphenoidale, 
anterolateraly to the sphenoid ridge and caudally to the optic strut. Partial 
removal of the process has been recommended for the surgical management 
of aneurysms of the internal carotid artery (ICA) at its proximal intradural 
part, already as early as in 1972 [11, 12, 19]. It was however only in 1993 that 
the method of systematic en bloc removal of the bone fragment including the 
whole anterior clinoid process (ACP), namely, selective extradural anterior 
clinoidectomy (SEAC) was carried out, which then was reported in 1997 [22]. 
With this method one may obviate the more invasive and time consuming 
technique of extensive orbital roof removal together with anterior clinoidec-
tomy which had been applied in surgical treatment for parasellar and cavern-
ous pathologies pioneered by Dolenc [2, 3]. In this chapter, advantages, 
indications, technical details and complications are clarifi ed.

RATIONALE

The ACP is located at the medial end of the ala minor of the sphenoid bone 
and forms the lateral wall of the optic canal and the medial wall of the supe-
rior orbital fi ssure. The space gained by removal of the ACP by SEAC is 
called the clinoid space. Its fl oor makes the superior wall of the cavernous 
sinus. Removal of the ACP makes the operative fi eld more spacious, which 
facilitates the handling of microsurgical instruments in the depth and allows 
to obtain much more illumination of the operating microscope. Incision of 
the lateral wall of the optic nerve sheath and partial or circumferential dissec-
tion of the distal dural ring of the internal carotid artery (ICA) after the SEAC 
enable easier further mobilization of the optic nerve and the ICA. This in-
creased mobility of both structures enables radicality of procedures in the 
vicinity such as tumor removal or aneurysmal clipping with much more sec-
urity. Opening of the cavernous sinus after the procedure enables surgical 
treatment of intracavernous pathology with complicated anatomy [7]. 

Keywords: skull base approaches, anterior clinoidectomy, microsurgery
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Drilling away the posterior clinoid process and the upper clivus is helpful for 
clipping of lower lying distal basilar aneurysms [13, 18, 20, 21].

DECISION-MAKING

Indications of SEAC are as follows (Fig. 1): aneurysms at C2 portion, espe-
cially proximal C2, and at C3 portion, meningioma of the tuberculum sellae, 
pituitary adenoma, craniopharyngioma, aneurysms of the distal basilar artery 
with or without combination of extensive posterior clinoidectomy by open-
ing the cavernous sinus at its postero-superior corner [22]. A high-fl ow by-
pass between the C4 and the C2 portion can be performed in combination 
with the anterior petrosectomy [6].

Furthermore, aneurysm surgery in the acute stage for the distal basilar 
 artery can be better performed even in the presence of brain swelling by pte-
rional approach combined with SEAC than by subtemporal approach, by 
gaining the clinoid space and by better CSF drainage via third ventriculosto-
my by opening the lamina terminalis [20, 21].

Fig. 1. Decision algorithm for anterior clinoidectomy. Although internal carotid–ophthalmic 
artery aneurysms are to be included with paraclinoid aneurysms (C2–C3), they are classifi ed 
here separately in the traditional way
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SURGERY

1. SELECTIVE EXTRADURAL ANTERIOR CLINOIDECTOMY (Fig. 2)

After having completed a pterional craniotomy, the sphenoid ridge is drilled 
away up to the lateral corner, the so-called frontotemporal dural fold (FTDF) 
(or orbitotemporal periosteal fold) [2, 5] of the superior orbital fi ssure (SOF), 
which might contain the lacrimal branch of the middle meningeal artery. Far 
medially extradurally towards the midline, one may reach the falciform fold 
of the optic nerve, which in our experience can be noticed in more than 80% 
of cases, so that one may postulate the course of the optic canal. Otherwise, 
this has to be checked after opening the dura by confi rming the optic nerve. 
Careful drilling away with cutting burr of 2–3 mm is begun from the crossing 
point of the above mentioned FTDF of the SOF medioanteriorly so that the 
cutting or drilling line can cross over with that of the roof of the optic canal. 
With these two drilling procedures one may luxate the ACP and remove it 
en bloc. At that time, one has to pay attention to the following three points. 
(1) Compression or contusion to the optic nerve should be avoided. (2) The 
anesthesiologist should be informed and prepared for arhythmia or even for 
cardiac arrest for a while due to trigeminal nerve stimuli. We are doing topical 
application of procaine in order to alleviate the reaction. (3) There is profuse 
bleeding from the clinoid space. This bleeding is no direct bleeding from the 
cavernous sinus and can be controlled effectively with oxycellulose immersed 
in fi brin glue and a sponge for compression with slight head elevation.

If the en bloc removal is diffi cult, as in our experience it appears in around 
30–40% of cases mostly due to a strong optic strut, the part of the strut should 
be drilled away carefully and once more the en bloc removal should be tried. 
If the process still cannot be removed, one has to doubt and check the bony 
connection of the ACP to the posterior clinoid process, although such situa-
tion is rare. The connection is to be cut by drilling away to complete the 
SEAC procedure. Sometimes the strategy of en bloc removal might have to 
be abandoned in case of more diffi culty and the remaining part of the ACP 
has to be removed only by drilling away. After the removal, the optic strut 
can be still so strong that a considerable part remains between the optic nerve 
and the ICA. One has to drill away the part in order to get a spacious clinoid 
space for performance of further surgical procedures.

During this procedure one may encounter two paranasal sinuses. One are  
the ethmoid cells at the time of drilling away of the roof of the optic canal at 
its medial corner, so that one should remain just at the most medial corner of 
the canal and not exceed the limit. The other sinus, the sphenoid sinus, can 
extend into the ACP, around 8–10% after previous reports [10] and our expe-
rience, so that its mucous membrane can be exposed on ACP removal. In 
both cases, the mucous membrane is pushed back with Betadine-immersed 
 oxycellulose and is treated afterwards with fatty tissue or muscle piece and 
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Fig. 2. Artist drawing of SEAC procedure. A Drilling lines of SEAC showing over the optic 
canal and over the FTDF (arrow). B Clinoid space obtained by en bloc removal of the ACP. 
C Additional dural incision for preparation of the clinoid space. D Axial view of the skull 
base showing the extent of SEAC and paranasal sinuses. E Paramedian sagittal view of the 
skull showing paranasal sinuses. F Overview after dural opening and dissection of the optic 
nerve and the carotid artery as described in the text. Note the posterior clinoid process and 
the distal basilar artery (*) in the depth medial to the oculomotor nerve (**)
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fi brin glue. Contents of the superior orbital fi ssure (the ophthalmic nerve, 
oculomotor nerve, nasocilial nerve, abducens, trochlear nerve, superior 
ophthalmic vein, recurrent branch of the ophthalmic artery and lacrimal 
branch of the middle meningeal artery)  are not exposed during the SEAC 
procedure. Lesions of the cavernous sinus can be accessed by opening the 
anteromedial triagle after Dolenc, but this is beyond the scope of this chapter 
so that the other chapter about this should be referred.

After dural opening in a curvilinear fashion, the proximal dural fl ap is 
cut again to the direction of the clinoid space. After having reached the dis-
tal dural ring of the ICA, one may extend the cutting line to the falciform 
fold over the optic nerve. Longitudinal incision on the optic nerve sheath at 
the lateral corner about 5 mm anteriorly makes mobilization of the optic 
nerve easier, so that the ophthalmic artery origin located at the mediosupe-
rior corner of the ICA comes into view in case of usual intradural origin 
(around 85%). This procedure can be done only after the unroofi ng of the 
optic canal is done following the original SEAC method. The distal dural 
ring of the ICA is incised according to the need of ICA mobilization. This 
might have to be combined with opening of the cavernous sinus so that the 
bleeding from the opened sinus has to be fi lled with oxycellulose together 
with fi brin glue  successively. By this increased mobilization of the optic 
nerve and the ICA, aneurysms of the C2–C3 segment can be managed 
successfully with a conventional clipping method, also those of the distal 
basilar artery with or without combination of an extensive posterior cli-
noidectomy (Figs. 3 and 4). Radicality of tumor removal of the parasellar 
and hypothalamic region is accomplished by this increased mobility of the 
structures [1, 15, 22].

In cases with potential risk of aneurysmal rupture at the time of clinoidec-
tomy [9] even in SEAC, it is recommended to perform dissection of the cervi-
cal carotid artery beforehand for eventual temporary carotid ligation for its 
management.

2. INTRADURAL ANTERIOR CLINOIDECTOMY

Anterior clinoidectomy can be carried out after dural opening especially for 
the treatment of aneurysms of the internal carotid–ophthalmic or the internal 
carotid–posterior communicating artery, whose neck locates very near to or 
under the clinoid process [11, 19].  Intradural en bloc removal has been also 
reported [17]. Precise neuroradiological evaluation has been reported to en-
able prediction of the necessity of clinoidectomy, for example, in cases with 
the distance between the proximal aneurysmal neck and the carotid knee C3  
being less than 1 cm in the lateral view of angiography [14]. One has to be 
careful only with slipping off the drilling burr onto the carotid and neighbor-
ing optic nerve, as they are without dural covering, which is not the case for 
SEAC.
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3. POSTERIOR CLINOIDECTOMY

Combination of extensive posterior clinoidectomy with SEAC is effective for 
the surgical treatment of low lying distal basilar artery aneurysms; aneurysms of 
the basilar bifurcation, basilar SCA aneurysms and even upper basilar trunk an-
eurysms (Fig. 4) lying lower than the level of the posterior clinoid process at the 
lateral view of the angiogramm [4, 13, 16, 18, 20, 21]. After the procedure of 
SEAC and partial or complete circumferential dissection of the carotid dural ring 
for mobilization of the ICA, the dural canal of the oculomotor nerve is opened 
by cutting the dural sheath towards the proximal dural ring. This enables mobi-
lization of the oculomotor nerve, so that the procedures for the extensive poste-
rior clinoidectomy can be carried out smoothly and safely due to a widened 
working space. The dura over the posterior clinoid process and that over the 
posterosuperior cavernous sinus are incised to enable the procedure. Bleeding 
from the cavernous sinus is managed with fi brin glue-immersed oxycellulose. 
Drilling away of the clinoid and lateral part of the upper clivus can be done thus 
more safely with a burr drilling equipped with a diamond head and  irrigation.

4. CLINICAL RESULTS AND COMPLICATIONS

SEAC was carried out in 214 cases during the period between  September 
1993 and May 2007 as are shown in Table 1. SEAC-related complications are 

A B

Fig. 3. Artist drawing of aneurysm neck clipping after SEAC procedure. A Large posterior 
wall aneurysm of the ICA-C2 portion. B Basilar bifurcation aneurysm.
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Fig. 4. A case of basilar trunk dissection aneurysm located lower than the level of the pos-
terior clinoid process. A This small outpouching at the anterior wall of the distal basilar trunk 
was overlooked on day 0 digital substraction angiography (DSA) after subarachnoid hem-
orrhage. B Repeated DSA 5 days later revealed growth of the dissecting aneurysm (arrow), 
so that this was successfully coiled. C Coil compaction (double arrows) on the repeated DSA 
on day 17 after a rebleeding. D Follow-up angiography after the complete neck clipping. 
Notice the hight of the posterior clinoid process and sellar (triple arrows) drawn additionally. 
E Exposure of the dissecting aneurysm after SEAC and extended posterior clinoidectomy. 
F Artist drawing of the situation of E. Notice the drilled upper lateral clivus on the left side 
(arrow) and opened oculomotor nerve canal on the right (arrowheads). G This bone win-
dow CT indicates status after SEAC right (arrow) following a standard pterional craniotomy. 
H This slice CT shows the status after the posterior clinoidectomy and the lateral clivec-
tomy (arrowhead). Notice the aneurysm clip to the dissecting aneurysm. The compacted 
coil can be seen between the clivus and the tip of aneurysm clip
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visual disturbances in 3 cases. One of them presented postoperatively with 
amaurosis which did not improve. Postoperative CT scan showed a small 
hematoma in the clinoid space. Persistent rhinorrhea was complicated in 4 
cases; one was treated with transnasal repair plus V-P shunting and the other 
three with transcranial repair by recraniotomy.

HOW TO AVOID COMPLICATIONS

Major complications are, as before mentioned, compromise of the optic nerve 
and CSF rhinorrhea. For prevention of these complications, on the one hand it 
is important to have appropriate preprocedural expectation of the anatomical  
relationship of the optic nerve and the carotid artery by correct interpretation 
of fi ndings of neuroimagings including status of pneumatization of paranasal 
sinuses. One should be familiar with their topographical anatomy along with 
their pathological deviation, as one is requested to work correctly very closely 
to these important structures. Opening of sinuses should be noticed  without 
oversight and treated as mentioned above. On the other hand  microsurgical 
training with cadaver dissection is therefore mandatory and it cannot be over-
emphasized to carry out the procedure very carefully avoiding direct mechani-
cal injury and heat transmission of drilling by continuous saline irrigation. By 
trained hands, the procedure can be completed within 15–20 min.

Another thing to be cared is strong dural adhesion to the clinoid process 
in aged patients at the time of en bloc removal. In order to avoid inadvertent 

Table 1. Cases underwent SEAC (N = 214)

Aneurysms

  ICA
    Paraclinoid (C2 + C3) 25
    IC-Oph 24
    IC-Pcom  6
  Distal basilar artery
    BA-bifur 44
    BA-SCA 17
    others (e.g. P1, basilar trunk)  4
  Others (for ligation or trapping)  6

Meningioma
  Tuberculum sellae meningioma 18
  Sphenoid ridge meningioma 10
  Ant. clinoid process meningioma 10
  Others (e.g. petroclival, sinus cavernosus)  8

Craniopharyngioma 18
Pituitary adenoma 13
Others (e.g. cavernous sinus angioma, intraorbital tumor)  9
Hypothalamic glioma  2
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injury to the neighboring structures in such situation, the removal should be 
carried out with great care.

CONCLUSIONS

The anterior clinoid process covers part of the optic nerve and the internal 
carotid artery. On its removal, parasellar pathological processes such as tu-
berculum sellae meningiomas, craniopharyngiomas, paraclinoid aneurysms 
and upper basilar aneurysms can be managed surgically with more radicality 
and security. The removal can be done ideally by SEAC, which has some 
potential risk of injury to important structures so that it should be performed 
with good knowledge of topographical anatomy and by trained hands.
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HOW TO PERFORM APPROACHES 
OF THE ORBIT

J. C. MARCHAL

INTRODUCTION

There are several types of tumorous or pseudo-tumorous lesions affecting the 
orbit. The fi rst historical stage was to make a coherent nosological approach 
of it. Often confused with the diagnosis and the treatment of tumorous prop-
tosis, the fi rst descriptions of tumors of the optical pathways and the optic 
nerve sheath are due to Antonio Scarpa (1816), who described a tumor of the 
optic nerve. Similarly, Jean Cruveilhier (1835) considered that meningiomas 
are tumors which do not belong to the central nervous system itself and must 
be distinguished from it. Albrecht von Graefe applied the same principle to 
tumors of the optic nerve. A. C. Hudson (1912) considered meningiomas of 
the optic nerve sheath as being separate from tumors of the optic nerve itself. 
However, it was Harvey Cushing [4], who provided the fi rst accurate de-
scription of meningiomas as he distinguished meningiomas according to their 
origin from the arachnoid mater. He therefore dissociated orbito-sphenoidal 
meningiomas spreading the orbital content from meningiomas affecting the 
optic nerve sheath.

We can therefore understand why the neurosurgical approach to the or-
bit appeared only recently in the history of orbital surgery. The concept of 
the neurosurgical approach is directly linked to surgery of the craniofacial 
bound aries, and in this respect it should always be preceded by a 
multidisciplina ry discussion. The concept of an endocranial approach was 
described and implemented by Durante (1887). Since then, retraction of the 
frontal lobe has been identifi ed as the main obstacle to using this approach. 
Frazier (1913) partially resolved this technical diffi culty when he suggested 
removing the superior orbital rim. Then came the work of Naffziger (1948), 
who established the specifi cally neurosurgical principles of the orbital ap-
proach, followed by Hamby (1964), who proposed the pterional approach 
for some of these lesions. In the 1960s and 1970s, plastic surgeons such as 
Converse, Mustarde, Stricker, and Tessier showed particular interest in 
craniofacial malformations, which gave new force to the aforementioned 
neurosurgical approaches as they added the notions of reconstruction and 
of volumetric reduction of the orbit to the existing notions of exocranial 

Keywords: orbit, orbital approaches, tumor, pediatric neurosurgery
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and endocranial approaches, and excision. These fi ndings paved the way for 
surgical treatment of more complex lesions such as  fi brous dysplasia and 
plexiform neurofi broma.

The history of neurosurgery refl ects the diffi culty of establishing a logical 
classifi cation of the nature and origin of orbital tumors. These issues are still 
of concern today as specialists continue to face diffi culties at the diagnosis 
stage [5], which can then lead to problems in choosing an appropriate strategy 
for treatment (Tables 1 and 2).

Table 1. Main orbital tumors in childhood in terms of histology and managementa

Disease Follow-up only Biopsy Chemo- or 
radiation 
therapy

Surgery

Optic nerve 
glioma

1 – clinical and 
MR imaging

 2 – clinical 
worsening, 
avoid radiation 
therapy (NF1)

3 – resistant to 
chemotherapy, 
tumor spreading 
backwards

Plexiform 
neurofi broma

1 – clinical and 
MR imaging

  2 – oculomotor 
and cosmetic 
considerations

Rhabdomyosar-
coma

 1 2 – after biopsy 
(bone marrow 
and/or tumor) 

3 – checking 
MR fi ndings at 
the end of 
treatment

Fibrosarcoma  1  2 – radical 
excision

Metastasis 
(neuroblastoma, 
Ewing’s)

  1 – according 
to histology

1 – primitive 
cancer 
unknown

Leukemia  1 – leukemia 
not diagnosed 
(chloroma)

1  

Teratoma    1 – radical 
excision

Dermoid cyst    1 – radical 
excision

Capillary 
hemangioma

1 – disappears 
spontaneously

   

Lymphangioma 1 – clinical and 
MR imaging 

  2 – partial 
excision of cysts 
when growth 
spurts

Cavernous 
angioma

   1 – radical 
excision

Fibrous 
dysplasia

1 – clinical and 
MR imaging

  2 – oculomotor 
palsy, threatens 
optic nerves

a 1–3, steps in management
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RATIONALE

The traditional anatomy of the orbital content is extremely complex as it de-
scribes numerous muscular, nervous and vascular structures within a small 
volume. Although anatomy books cover the elementary physiology of vision 
and of oculomotricity, the complexity of these books is not suffi cient when 
dealing with the more pragmatic requirements of microneurosurgery. Fur-
thermore, orbital fat is an anatomical factor of even greater importance than 
blood as it impedes navigation as well as surgical positioning in the orbit. As 
a result of these two considerations, traditional anatomical description should 
be considered as a concept rather than as a surgical model. It is equally impor-
tant, when considering the neurosurgical approach of the orbit, to keep in 
mind a certain number of key anatomical references.

1. DEFINITION OF “NEUROSURGICAL ORBIT”

Tumorous or pseudo-tumorous lesions of the neurosurgical orbit are those 
which concern the two posterior thirds of the orbit [2]. Tumors of the eyeball 
should therefore be excluded. The choice of an approach depends on several 
topographical factors: the position of the tumor in the coronal plane of the 
orbit; monitoring of the orbital content, and, in the event of a tumor of the 
bone cavity or muscular cavity; monitoring of the epidural space, monitoring 
the optic nerve (ON) in the orbit, in the optic canal, and in the subarachnoid 

Table 2. Main orbital tumors in adulthood in terms of histology and managementa

Disease Follow-up 
only

Biopsy Chemo- or 
radiation 
therapy

Surgery

Metastasis   According to 
histology

1 – primitive 
cancer unknown 
2 – resistant to 
chemotherapy

Primitive 
lymphoma

 1 2  

Optic sheath 
meningioma

1 – clinical and 
MR imaging

  2 – if blindness of 
the eye

Spheno-orbital 
meningioma

  2 – conformational 
radiation therapy 
following incom-
plete 
surgery

1 – excision (as 
complete as 
possible)

Schwannoma    1 – radical excision
Cavernous 
angioma

   1 – radical excision

a 1–3, steps in management
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spaces; an approach which allows excisions of possible extension to the tem-
poral fossa, the maxilla, zygomatic, and the nasal region.

2.  LATERAL ORBITAL RIM: ACCESSING THE TWO POSTERIOR THIRDS 
OF THE ORBIT

The anatomy of the anterior region of the orbit is formed by the suture of the 
zygomatic process of the frontal bone and the frontal process of the zygomatic 
bone. These two processes join backwards with the greater wing of the sphenoid  
bone. The frontal crest extends towards the rear on the parietal bone and bounds 
the lateral temporal fossa superiorly. By separating the periorbit from the me-
dial aspect of the lateral wall of the orbit, and detaching the insertions of the 
temporal muscle at the anterosuperior region of the lateral temporal fossa, the 
surgeon can easily perform an orbitotomy which will remove the entire lateral 
wall of the orbit (in other words, the zygomatic process of the frontal bone and 
the frontal process of the zygomatic bone). From there the greater wing of the 
sphenoid bone is easily reached, and by removing the greater wing, the surgeon 
can access the superolateral region of the superior orbital fi ssure. Opening the 
periorbit superiorly towards the front provides access to the lachrymal nerve 
and to the lachrymal artery, running above the lateral rectus muscle and up to 
the lachrymal gland situated in the superolateral quarter of the orbit. The infe-
rior oblique muscle is situated underneath the lateral rectus muscle. At the pos-
terior part on the eyeball, the ON can be seen with the artery and the ciliary 
nerve. The ophthalmic veins can be seen at the rear of the eyeball.

3.  ORBITAL ROOF: ACCESSING THE SUPERIOR PART OF THE ORBIT 
AND THE EXOCRANIAL AND ENDOCRANIAL OPTIC CANAL

The orbital roof can be easily separated from the dura of the inferior surface 
of the frontal lobe upwards and from the periorbit underneath. Once the 
orbital roof has been removed, it is possible to see, laterally across the peri-
orbit in a posteroanterior direction, the frontal nerve, then the supra orbital 
nerve with the superior ophthalmic veins (Fig. 1). Medially from the frontal 
nerve, showing through an equally posteroanterior and medial direction, 
the trochlear nerve can be seen. These nerves are embedded in a substantial 
amount of periorbital fat, making dissection very delicate (Fig. 1). The inci-
sion of the periorbit can be made on either side of the frontal nerve, which 
rises above the levator palpebrae muscle–superior rectus muscle (LPM–
SRM) complex. The retrobulbar part of the ON can either be exposed later-
ally or medially from the LPM–SRM. In order to reveal the ON, an incision 
should be made laterally on the periorbit, between the LPM–SRM and the 
LRM. At this point it is possible to see the lateral part of the ON [7], crossed 
over by the ophthalmic artery and the nasociliary nerve. The LRM is moved 
aside laterally with the abducens nerve, which penetrates into it at its me-
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dial aspect. Medially, by making an incision of the periorbit between the 
LPM–SRM and the medial surface of the superior oblique muscle, the entire 
intraorbital course of the ON is exposed and it is possible to make an inci-
sion into the common tendinous ring between the tendon of the SRM and 
the medial surface of the superior oblique muscle and to extend the visible 
part of the nerve towards the orbital apex (Fig. 2). The trochlear nerve must 

Fig. 1. Superior aspect of the right unroofed orbit. 1 Ophthalmic nerve (V), 2 frontal nerve 
(V), 3 lachrymal nerve (V), 4 supraorbital nerve (V), 5 supratrochlear nerve (V), 6 trochlear 
nerve (IV), 7 optic nerve (II)

8–9

11

12

10

7
6
5
4
3
2
1

Fig. 2. Coronal section of the right orbital apex. 1 Lachrymal nerve (V), 2 frontal nerve (V), 3 
trochlear nerve (IV), 4 abducens nerve (VI), 5 oculomotor nerve (III), 6 sympathic root of the 
ciliary ganglion, 7 nasociliary nerve (III), 8 and 9 levator palpebrae-superior rectus muscles, 
10 common tendinous ring, 11 superior oblique muscle, 12 medial rectus muscle
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therefore be protected at the point where it enters the oblique superior 
muscle. This area is easy to access since it has no nervous or vascular struc-
ture (except for the anterior section of the ophthalmic artery and the part of 
the trochlear nerve which crosses the LPM at its extraconical section). The 
central approach, which is performed between the levator palpebrae supe-
rioris muscle (LPSM) and the SRM, should be avoided as there is a risk to 
injure the nerve of the LPM (issuing from the oculomotor nerve) on the 
inferior surface of this muscle.

4. OPTIC CANAL AND OPTIC NERVE

The orbital apex is a complex anatomical area (Fig. 2) which, in order to be ap-
proached safely, requires endocranial monitoring of the ON and endo-orbital 
monitoring. This is why monitoring the ON involves opening the dura and the 
optic canal superiorly. In this way the nerve is easily identifi ed at its endocra-
nial exit of the optic canal in the optochiasmatic cistern. After drilling the roof 
of the optic canal, the superior surface of the ON up to the optic canal is 
situated between the LPM–SRM medially and the superior oblique muscle–
medial rectus muscles superiorly and laterally. Laterally from the common ten-
dinous ring, the lachrymal, frontal, and trochlear nerves are visible (Fig. 2).

DECISION-MAKING

In terms of histology and management, main orbital tumors in childhood 
(Table 1) differ from those in adulthood (Table 2). There are 4 indications for 
surgery depending upon the knowledge of the diagnosis and the course of the 
disease [5]: biopsy, partial removal (in addition with chemotherapy and/or 
radiation therapy), total removal, checking a residual image after chemother-
apy (for example, rhabdomyosarcoma).

SURGERY

Choosing a neurosurgical approach to an orbital tumor depends on the 
location of the lesion in the orbit, extension to the bony structures, and 
extension to the dura and to the ON. Intraorbital lesions and intraconical 
and extraconical lesions of the two posterior thirds of the orbit which do 
not spread beyond the superior orbital fi ssure towards the rear, and which 
are situated in the superior and inferior quadrants, may be approached via 
a lateral orbital approach (schwannoma, cavernous angioma, and dermoid 
cyst, etc.) [1]. Lesions affecting the two posterior thirds in the medial quad-
rants with access to the orbital roof and to the dura require a frontal extra-
dural approach. The subfrontal approach can be completed by opening 
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the dura in order to gain access to the ON from its extracranial entrance 
into the optic canal up to its endocranial exit in the optochiasmatic cistern 
(optic nerve glioma, optic sheath meningioma). If approaching via the tem-
poral maxilla-zygomatic area, a pterional approach is recommended (orbi-
tosphenoidal meningioma, fi brous dysplasia). This pterional approach, 
although it does offer an excellent approach of the lateral rim and of the 
lateral walls of the orbit, will not be covered in this chapter as it is fre-
quently performed as a preliminary to the lateral approach of the skull base 
for numerous pathologies.

1. LATERAL APPROACH

By this approach it is possible to avoid retraction of the frontal lobe [1]. The 
patient is in the supine position, with the head turned 30 to 40° on a head 
holder. The eyebrow should not be shaved off. The cutaneous incision fol-
lows the external orbital rim from the extremity of the eyebrow which stems 
from the zygomatic process (Fig. 3A). It is continued medially, either in the 
eyebrow or in a fold of the upper eyelid, thereby giving access to the superior 
orbital rim, and then continued in an S shape laterally and towards the rear in 
order to extend the zygomatic process. The incision is made right to the bone 
of the superior external orbital rim. The periosteum that lines the bony orbit 
is continuous with the periosteum of the skull’s outer surface. The periosteum 
is detached upwards whilst the periorbit is carefully dissected from the  medial 
surface of the lateral orbital wall downwards. Depending on requirements, 
the temporal muscle is detached from the anterior section of the temporal 
crest and the lateral orbital rim (Fig. 3B). The periorbit and the temporal 
muscle are protected on both sides of the lateral orbital rim with cottonoids. 
An osteotomy of the lateral orbital rim is performed using an oscillating saw. 
It is detached from the lateral orbital wall with a chisel (Fig. 3C). Excision of 
the lateral wall may be carried out using rongeurs or a drill. During this part 
of the operation, care must be taken to protect the periorbit, as any rupture 
into the operating fi eld can hinder excision. If dealing with an intraconical 
lesion, the periorbit is opened above the raised area of the LRM, which is 
lowered carefully. The posterior part of the orbital globe is then accessible, as 
is the intraorbital section of the optic nerve because there are no important 
anatomical elements in the way. The only hindrance is the periorbital fat as it 
could block the surgical approach. It must be pushed aside and separated, and 
care must be taken not to remove it as this would cause bleeding.

By extending the incision outwards and backwards along the length of the 
zygomatic process, the surgeon gains easy access to both the lateral temporal 
fossa and the greater wing of the sphenoid bone (Fig. 3D). Extending the inci-
sion along the eyebrow or in an inward fold of the eyelid facilitates a small 
frontal craniotomy if the anatomy of the frontal sinus allows this. When the 
incision is extended inwards, care must be taken to avoid the supraorbital 
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nerve, which penetrates the orbit via the supraorbital notch at the junction 
between the fi rst medial third and the two lateral thirds of the superior or-
bital rim; it is perpendicular to the surgical approach and must be opened up 
and pushed inwards. It is important to remember that there is a possibility of 
extension of the frontal sinus from the superior orbital rim or from the or-
bital roof. If only an orbitotomy of the lateral rim is performed, there is no 
risk of this. However, if one wishes to perform a medial extension and small 
frontal craniotomy (in order to reveal the dura and remove the orbital roof, 
for example), there is a risk. If extension occurs, it must be treated, as failure 
to do so may cause postoperative infection, which is often diffi cult to treat. 
The simplest solution is to fi ll the gap with fat or with muscle that is stuck 

A B

C D

Fig. 3. A Cutaneous incision follows the external orbital rim from the extremity of the 
eyebrow. It is continued medially, either in the eyebrow or in a fold of the upper eyelid. 
B Periorbit is dissected from the medial surface of the lateral orbital wall downwards. 
Depending on requirements, the temporal muscle is detached from the anterior section 
of the temporal crest and the lateral orbital rim. C Osteotomy of the lateral orbital rim. 
D Access to the lateral temporal fossa and the greater wing of the sphenoid bone
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with biological glue. The lateral orbital rim is laid down and osteosynthesis is 
performed using steel wires or screwed microplates.

2. SUBFRONTAL AND INTRACONICAL APPROACH OF THE ORBIT

2.1 Cutaneous incision, frontal craniotomy, and superior orbitotomy

The patient is in the supine position, with the head slightly extended and 
turned 10° opposite the side of the orbit to be explored. The bicoronal inci-
sion, skin fl ap and homolateral temporal muscle are bent back en bloc by 
detaching the periosteum directly from the bone situated on the pathological 
side. The superior insertions of the frontal muscle are progressively detached 
from the lateral temporal fossa, starting at the temporal crest during the fold-
ing of the skin fl ap towards the face. This detachment runs directly from the 
maxillary process of the frontal bone and the nasal bones medially and, later-
ally towards the zygomatic process of the frontal bone. Care must be taken to 
detach the anterior muscular insertions of the temporal muscle slightly to-
wards the rear of the zygomatic process of the frontal bone, and to detach the 
latter as low as it is necessary to reveal the fronto-zygomatic suture. The su-
praorbital nerve is freed from its foramen or supraorbital notch: the nerve is 
accompanying its bony foramen, which is detached with a chisel and folded 
over downwards with the skin fl ap. Then, the periorbit is carefully dissected 
away from the inferior surface of the orbital roof, up to 2 cm. On the unaf-
fected side, care must be taken to avoid injury to the temporal aponeurosis. A 
subcutaneous dissection can provoke paralysis of the frontal branch of the 
facial nerve. The frontal craniotomy can be confi ned to the vertical part of the 
frontal bone with or without the superior orbital rim. Removing the superior 
orbital rim can be carried out en bloc with the frontal craniotomy (Fig. 4), or 
in a second step, after lifting the frontal craniotomy (which is easier to per-
form on adults). A burr hole is made backwards from the zygomatic process 

Fig. 4. Frontal craniotomy is confi ned to the vertical part of the frontal bone with (dotted 
line) or without (continuous line) the superior orbital rim
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of the frontal bone, just under the crest of the insertion of the temporal mus-
cle. After dissecting the dura, a rotative saw is used to cut the craniotomy 
along the lines (previously drawn on). The osteotomy of the superior orbital 
rim runs from the junction between the zygomatic process of the frontal bone 
and the frontal process of the zygomatic bone laterally and the medial third 
of the orbital roof. There is a risk, at this point, of entering the frontal sinus. 
Careful reading of the preoperative scan should prevent this to happen. If 
entering of the frontal sinus mucosa occurs, it must be sealed off in the man-
ner described for the lateral approach. If the superior orbital rim is dissected 
en bloc with the frontal craniotomy, it is often necessary to end the crani-
otomy by separating the external orbitotomy with a chisel.

2.2 Unroofing the orbit

When the orbital rim has been pulled out, it is possible to remove the orbital 
roof [3] with a chisel, following a triangle at the anterior base. If the decision is 
made to leave the superior orbital rim in place, which is usual procedure when 
the frontal sinus spreads laterally, an orbitotomy is performed by perforating 
the roof with a perforator, then detaching it like a postage stamp. It is advisable 
to put it back at the end of the operation. This prevents the forming of a late 
post-operative meningocele and makes reoperation easier. It can be simply 
placed and fastened onto the periorbit in the fi nal stages of the treatment.

2.3 Exposing the ON in the optic canal

When removing a tumor from the optic canal, from the sheath or the ON it-
self, it is necessary to expose not only the intraorbital part of the ON but also 
its course through the optic canal and the optochiasmatic cistern, as far as to 
the optic chiasm. This explains why the removal of the orbital roof must be 
completed by drilling the roof of the optic canal and opening the optochias-
matic cistern. Opening the cistern is preceded by the opening of the dura of 
the frontal lobe. The frontal lobe is carefully retracted following a midway 
axis between a pterional approach and a subfrontal approach. The optoca-
rotid and optochiasmatic cisterns are opened according to microsurgical pro-
cedures. The dura of the orbital roof is coagulated, and then an incision is 
made on the superior surface of the optic canal, running parallel to the nerve 
and then joining with the exposed part of the ablation of the orbital roof. The 
superior surface of the optic canal is drilled [6] using a diamond ball which is 
carefully dampened so as to join the unroofed orbit. The surgeon must re-
member that the ON is vascularised from its sheath in a centripetal way so 
that the opening of the optic canal must be carried out minutely and the ON 
mobilized and dissected as minimally as possible. By carefully reclining the 
ON sheath laterally in the optic canal, the ophthalmic artery is exposed medi-
ally as it crosses the ON inferiorly. When it is necessary to cut the optic 
nerve, it is advisable to do so within the optic canal or at the point where it 
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exits the canal. In fact, the contralateral nasal fi bers cross over at the optic 
chiasm and pursue a recurring course in the ON, so if cutting is desired, this 
contralateral nasal contingent must be spared to avoid the risk of contralat-
eral hemianopia on the unaffected side (Fig. 5). In the event of an optic nerve 
glioma, there is no need to open the roof of the optic canal. Cutting the ON 
in the orbit, working backwards from the tumor and level with the endocra-
nial opening of the optic canal, is quite suffi cient. The residual part of the 
optic nerve situated in the canal is emptied on either side, using the cavitron 
ultrasonic surgical aspirator. Access to the superior orbital fi ssure completes 
this approach by drilling the anterior clinoid process laterally from the ON.

2.4 Intraconical exploration of the orbit

When the orbital roof is removed, the frontal nerve becomes visible in an 
anteroposterior axis through the orbit: this is the point at which to open the 
periorbit. An incision is made forwards, towards the rear from the orbital 
insertion of the LPM. Two further anterior and posterior incisions can be 
made perpendicularly to the fi rst. There is a risk to injure the trochlear nerve 
on the posterior part of the incision of the periorbit, forwards from the optic 
canal, because from this angle the nerve is situated just inside the frontal 
nerve. Orbital fat, although it is considered as a predominant factor for the 
mobility of the oculomotor muscles, is in the way of all the intraconical ap-
proaches. However, its coagulation and retraction are essential to obtain a 
satisfactory view of the intraconical anatomical elements (Figs. 1 and 2). There 
are two ways of approaching the intraconical part of the orbit on either side 
from the LPM: the lateral approach and the medial approach.

Fig. 5. Contralateral nasal fi bers cross over at the optic chiasm and pursue a recurring 
course in the ON
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The most frequently used is the lateral approach, which allows access to 
lateral lesions of the ON, the superior orbital fi ssure and the orbital apex. The 
LPM–SRM complex is mobilized en bloc by passing a silicone surgical loop 
underneath. This loop must be placed as far forwards as possible, under the 
muscles. By reclining medially the superior ophthalmic veins, the lateral sur-
face of the ON becomes visible. The ophthalmic artery and the nasociliary 
nerve must be identifi ed. They cross over the superior side of the ON later-
ally to medially. At its medial curvature the ophthalmic artery branches out 
into the ciliary arteries and the lachrymal artery, which are laterally reclined. 
Laterally to this entrance into the orbit, the abducens nerve runs along the 
medial side of the lateral rectus muscle. The branch of division of the oculo-
motor nerve destined for the inferior oblique muscle is situated at the level of 
the ON. Running backwards, an opening of the superior orbital fi ssure is 
feasible by dividing the annular tendon between the SRM medially and the 
lateral rectus muscle laterally. At this superior level of the superior orbital 
fi ssure the superior branches of division of the oculomotor nerve, the naso-
ciliary nerve, and the abducens nerve are visible.

The medial approach runs between the oblique superior muscle medially 
and the LPM–SRM laterally. The ON is thus exposed across its entire length. 
The ophthalmic artery appears at the medial side of the ON after crossing it. 
An incision may be made to the common tendinous ring towards the rear, 
between the LPM and the SRM in such a way to expose the ON at the level 
of the apex. During the incision, care must be taken to protect the trochlear 
nerve because it is in an extraconical position.

The central approach should be avoided, except for limited and superfi cial 
surgery. As the LPSM overlaps the medial side of the SRM it is theoretically 
feasible to recline the LPSM medially and the SRM laterally. The frontal nerve is 
pulled away either medially with the LPSM or laterally with the SRM. The sur-
geon must remember that the trochlear nerve is in an extraconical position at this 
level; medial to the frontal nerve and in front of the ON sheath. This approach 
can be deleterious for the branch of division of the oculomotor nerve that in-
nervates the LPSM and should therefore be undertaken with extreme care.

HOW TO AVOID COMPLICATIONS

1. AMAUROSIS

Worsening of preoperative visual defi ciencies in the affected eye is a potential 
consequence of excessively brutal manipulation of the ON, of dissection which 
strips the ON sheath across its entire circumference, or of heating up of the ON 
during drilling of the optic canal. The nerve must therefore be handled very 
gently, and dissection of any tumor adjacent to the ON should not be carried 
out beyond its sheath. A diamond ball must be used for drilling the optic canal, 
and it should be abundantly dampened. Impairment of the visual fi eld of the 
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unaffected eye may be the result of either accidental injury of the optic chiasm 
or of the recurrent contralateral nasal contingent during cutting of the ON.

2. MOST COMMON POSTOPERATIVE OCULOMOTOR NERVE PALSIES

2.1 Postoperative ptosis of the upper eyelid

Postoperative ptosis of the upper eyelid is frequent when the LPM–SRM 
complex is mobilized. Normally any paralysis will improve within a few days 
or a few months, but may be permanent if the LPM has been separated from 
the SRM as a result of dissecting them too far posteriorly.

2.2 Postoperative diplopia

Injury to the abducens nerve may occur during dissection of the medial sur-
face of the lateral rectus muscle. This may improve if it is followed up and 
given ophthalmic treatment, but sometimes it may require a further ophthal-
mic operation in order to restore tension of the LRM. The surgeon should 
therefore try to work above the superior rim of the LRM and avoid dissecting 
the medial surface too far forwards. Injury to the trochlear nerve can occur 
during incision of the periorbit as the nerve is in an extraconical position. As 
a result, it is particularly vulnerable during the medial intraorbital approach. 
The surgeon must therefore take great care when identifying these key ana-
tomical points prior to making an incision on the periorbit. With this in mind, 
the frontal nerve is the most visible marker.

2.3 Other nerve injuries

Palsy of the frontal branch of the facial nerve can occur when dissection of 
the skin fl ap is performed subcutaneously instead of under the periosteum.

Anaesthesia in the supraorbital area can occur if the supraorbital nerve has 
not been freed from the supraorbital notch or foramen during dissection of 
the superior orbital rim. To resolve this, the nerve must be pulled with the 
skin fl ap.

2.4  Opening the frontal sinus: postoperative infections, 
cerebrospinal fluid leak

In patients less than ten years old, the frontal sinus is little developed, if at all; and 
in adults, it can pneumatize the entire superior orbital rim. Opening the frontal 
sinus is a major concern and can lead to severe postoperative infections: menin-
gitis, epidural abscess, and osteitis of the bone fl ap. The best way to anticipate 
this complication is to know the particular anatomy of the patient’s frontal 
 sinuses. A preoperative CT scan will provide details on this anatomy better than 
those by MRI. An anti-pneumococcus vaccination should be performed prior 
to the surgical procedure. When a postoperative infection occurs, the surgeon 
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should always keep this hypothesis in mind even when there is no evidence of 
frontal sinus entering during the craniotomy. A reoperation is required for these 
infected patients, in order to plug the frontal sinus. Antibiotics are required in 
case of meningitis or general infection prior to reoperation. If the patient has a 
local infection, surgery must be performed prior to administering antibiotics, in 
order to take a sample of pus or infected tissue for bacteriological culture.

CONCLUSIONS

The orbit is a narrow anatomical space which contains many highly func-
tional anatomical elements. Tumors of the orbit are extremely varied in na-
ture and require a multidisciplinary approach to treatment. Furthermore, 
etiologies in children are different from those in adults. Not all of them re-
quire surgery. This is why the patient’s medical history, clinical tests, and 
preoperative imaging must be comprehensive. Neurosurgeons are primarily 
concerned with tumors affecting the two posterior thirds of the orbit, the 
ON, and those of the ON sheath. Tumors of the bony structures may require 
reconstruction, in which case it is often necessary to collaborate with a plastic 
surgeon during the procedure.
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HOW TO PERFORM TRANSSPHENOIDAL 
APPROACHES

A. J. BASSO

INTRODUCTION

1. The introduction of the surgical microscope for the excision of  pituitary 
adenomas by Jules Hardy in 1966 marked a new era in the treatment of hy-
perfunction clinical syndromes (namely, acromegaly, amenorrhea-galactor-
rhea or sexual impotence in men).

Considering that in most cases these syndromes are produced by a pituitary 
adenoma (sometimes a very small 0- or 1-grade intraglandular microadenoma), 
the contribution of neurosurgeons was essential for the understanding of their 
pathophysiology, which had historically been diffi cult to characterize.

During the 1970s, radioimmunoassay and immunohistochemistry were 
critical to accurately establish the type of pathological secretion of the ante-
rior pituitary gland. CT scan and MRI in the 1980s led to in-depth anatomical 
knowledge of the lesion, its extension, and its relationships.

Determining adenoma aggressiveness, invasive ability and recurrence po-
tential is a function of molecular biology, a specialty which over the last 10 
years has provided pertinent, albeit insuffi cient information, through tumor 
marker examination. Nevertheless, thirty-fi ve years of continuous progress 
translate into an almost complete control of the disease.

International experience over the last 30 years has proved that the trans-
sphenoidal approach is the procedure of choice for the treatment of most pi-
tuitary adenomas. This surgical choice has become widespread basically be-
cause it constitutes a low-risk highly effi cient procedure. Favorably enough, 
complications are relatively uncommon, averaging approximately 4% in in-
stitutions largely conducting pituitary procedures [32].

2. Late in the eighteenth century and early in the nineteenth cen tury, trans-
cranial approaches for the treatment of pituitary tumors were associated with a 
high mortality rate. Horsley’s reported 20% mortality rate in a series of 10 
patients was signifi cantly better than the 50– 80% mortality rate range re-
ported by his colleagues. As a result of these high rates, surgeons believed that 
a transfacial approach to the sella turcica would be safer [28]. Thus, based on 
Giordano’s experience with cadavers [28], Hermann Schloffer (Fig. 1) per-
formed in Austria the fi rst transsphenoidal pituitary tumor resection in 1907; 

Keywords: pituitary adenoma, trans sphenoidal approach, sella turcica, 
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his technique involved fi rst moving the nose en bloc to the right, then remov-
ing the nasal turbinates and septum, accessing and opening the anterior wall 
of the sphenoid bone and, lastly, once within the sphenoidal sinus, opening 
the fl oor of the sella turcica [33]. This technique was applied by other general 
surgeons, with many patients dying intraoperatively or postoperatively ow-
ing to meningitis [34]. For this reason, new techniques were subsequently 
developed. In 1909, Theodor Kocher, in Switzerland, proposed a submucous 
dissection and resection of the septum, sparing the nasal cavity; for this pro-
cedure, a complex nasal incision was required [25]. Submucous septal dissec-
tion and resection marked the beginning of lower extracranial approaches to 
the pituitary gland, since it afforded a reduced risk of infection and an easier 
midline orientation [27]. In 1910, Oskar Hirsch, an otorhinolaryngologist 
from Austria, described the endonasal transseptal-transsphenoidal ap    proach 
[22]. Also in 1910, Albert Halstead, in Chicago, described the  sublabial-gingival 
approach [14]. Harvey Cushing initially used the transcranial approach 
(8 subtemporal and 5 subfrontal approaches); however, since he achieved 
poor results, he adopted the transsphenoidal route [28], thereby becoming 
the fi rst surgeon to perform a sublabial-gingival transsphenoidal approach to 
the pituitary gland [34]. He used the transsphenoidal approach between 1910 
and 1925, operating on 231 patients with pituitary tumors, with a mortality 
rate of 5.6% (Fig. 2A, B) [20]. From 1929 onwards, however, Cushing aban-
doned the transsphenoidal route and came to favor the transcranial route. 
Norman Dott, a disciple of Cushing’s, continued to perform the transsphe-
noidal approach in Scotland [27] and eventually introduced a speculum with 
a built-in light [32]. Gerard Guiot, from France, visited Dott in 1956 and 
learned the transsphenoidal technique from him [27]. That year, Dott per-
formed 80 consecutive operations with the transsphenoidal approach, with 
no deaths [34]. In subsequent years, Guiot started to refi ne the transsphenoi-

Fig. 1. Schloffer’s fi rst transsphenoidal approach
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dal approach by introducing intraoperative radiofl uoroscopy [16]. Driven by 
his pioneering spirit, Guiot applied the transsphenoidal approach to the treat-
ment of craniopharyngiomas, clivus chordomas and parasellar lesions [28]. 
Jules Hardy, from Canada, learned this procedure from Guiot. In 1967, 
Hardy  adopted the surgical microscope for this procedure [18], and in 1968, 
he introduced the concept of microadenoma (a patient with endocrine disor-
ders with no enlargement of the sella turcica) [19].

The many years’ of experience we gained next to Guiot and Hardy provided 
us with extensive practice in terms of these modern techniques. In 1969, we per-
formed the fi rst microsurgical transsphenoidal approach in South America [2].

Technological advances in endoscopy, neuronavigation and intraoperative 
MRI have been applied to transsphenoidal surgery in an effort to further lower 
the morbidity and mortality rates associated with the classic procedure [28].

RATIONALE

Rationale is based on surgical anatomy.

1. NASAL CAVITY

The nasal cavity, which comprises the fi rst upper respiratory tract, is limited 
by the anterior cranial fossa superiorly, by the orbits and the maxillary 
sinuses laterally, and by the palate inferiorly. The nasal cavity is divided into 
two halves, left and right, by the nasal septum, which has a sagittal and middle 
location, and an anterior cartilaginous part and a posterior osseous part (per-
pendicular plate of ethmoid bone superiorly and vomer inferiorly). The lateral 
wall exhibits a superior part formed, from anteriorly to posteriorly, by the 

A

B

Fig. 2A, B. Cushing’s sublabial rhinoseptal transsphenoidal approach
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frontal process of maxilla, the lacrimal bone and the ethmoidal labyrinth, and 
an inferior part formed, from anteriorly to posteriorly, by the maxilla, the 
perpendicular plate of the palatine and the pterygoid process. The superior, 
middle and inferior nasal turbinates are located on the lateral wall, underneath 
which the superior, middle and inferior meatuses are found. The lower part of 
the cavity is comparatively wider than its upper part, and it communicates 
with the frontal, ethmoidal, maxillary, and sphenoidal sinuses.

2. SPHENOID BONE AND SPHENOIDAL SINUS

The sphenoid bone is found at the skull base, anterior to the temporal bones 
and the basilar part of occipital bone. Given the close contact of the body of 
the sphenoid bone with the nasal cavity inferiorly and the pituitary gland 
superiorly, the transsphenoidal route is the surgical approach of choice in 
most sellar tumors (Fig. 3) [30]. The body of the sphenoid bone is more or 
less cube-shaped and contains two large air sinuses that are separated by one 
or several septa; as a whole, this cavity is commonly called sphenoidal sinus. 
Form, size, degree of pneumatization, and number and location of septa in 
the sphenoidal sinus are highly variable. At birth, the sphenoidal sinus is a 
small cavity, which becomes pneumatized after puberty. With advancing age, 
the sphenoidal sinus enlarges as a result of bone wall resorption [30]. There-
fore, depending on the level of pneumatization the sphenoidal sinus presents 

Fig. 3. Sellar-type sphenoidal sinus and sella turcica
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one of three different patterns: conchal (absent sinus pneumatization), pre-
sellar (pneumatization is restricted to a vertical line parallel to the anterior 
border of the sella turcica) and sellar (pneumatization reaches the clivus). The 
sellar sphenoidal sinus is the most common pattern. The internal carotid ar-
tery abuts the lateral surface of the body of the sphenoid bone, and its course 
creates a channel on the bone, known as the carotid groove. The carotid 
groove produces lateral protrusions within the sinus at either side and below 
the sella turcica.

3. CAVERNOUS SINUS

The cavernous sinus is a paired structure placed on either side of the pituitary 
gland (Fig. 4). Each cavernous sinus has four walls formed by dura matter. 
The lateral, superior and posterior walls consist of two layers, the external 
layer, the so-called dura propria, and the internal layer, also known as perios-
tal dura. Through the internal layer of the lateral wall course the oculomotor 
and trochlear nerves, and the ophthalmic division of the trigeminal nerve. The 
cavernous sinus medial wall comprises two segments. One is superior to the 
pituitary gland and the other is inferior to the lateral wall of the body of the 
sphenoid bone; different from the other walls, the medial wall has a unique, 
very thin dural layer, which could account for the lateral expansion of a pitu-
itary adenoma. These four dural walls lodge venous blood contained in plexi, 
the internal carotid artery and its intracavernous branches, the abducent 
nerve, the sympathetic plexus, and fatty tissue. Both superior walls continue 

Fig. 4. Cavernous sinus
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medially to form the diaphragm sellae. The diaphragm sellae is the roof of the 
sella turcica and wholly covers the pituitary gland but for a central opening 
through which the pituitary stalk courses. Occasionally, it may be a very thin 
structure, and thus proves not enough of a protective barrier for suprasellar 
structures during transsphenoidal surgery [30].

4. PITUITARY GLAND

The pituitary grand is a grayish-red body with transverse and anterior poste-
rior diameters of 12 mm and 8 mm, respectively. The pituitary gland is formed 
by two different embryological and functional regions, i.e. anterior (adeno-
hypophysis) and posterior (neurohypophysis) pituitary glands. The anterior 
pituitary gland comprises the anterior (glandular part or anterior lobe) and 
the intermediate part, and the posterior pituitary includes the posterior part 
(neural part or posterior lobe), the stalk and the median eminence [31]. The 
lower surface of the gland usually takes the shape of the sellar fl oor, whereas 
the lateral and superior margins have variable shapes since those walls are 
composed of soft tissue but no bone [30].

SURGICAL APPROACHES

1. TRANSSEPTAL-TRANSSPHENOIDAL APPROACH

Mainly indicated for sellar tumors (including adenomas, craneopharyn  -
giomas, granulomas, metastatic tumors), the classical or extended transseptal-
transsphenoidal approach is currently used for other types of tumors arising 
centrally at the skull base, such as clivus chordomas or chondrosarcomas, 
tuberculum sellae meningiomas, among others.

For nearly twenty years, i.e. since 1969, we have been using the transsep-
tal-transsphenoidal approach through a sublabial incision from incisor to 
incisor, exactly as fi rst described by Harvey  Cushing. Postoperative rhino-
logical, respiratory or cosmetic complications associated with this technique, 
which are minor indeed, prompted our abandonment at the end of the 1980s 
and replacement with the (modifi ed) technique described by Oskar Hirsch, 
which we call lateral transseptal approach and describe below.

2. LATERAL TRANSSEPTAL APPROACH

2.1 Patient positioning

The patient is placed in a half-seated position (Fig. 5A, B), with the head rest-
ing on a horseshoe head-holder. The left shoulder lifted on a pillow, the head 
and neck are rotated approximately 45° to the right. The head is positioned 
with the nose in the “sniffi ng position”, so that the zygomatic arch stays 
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fl exed approximately 20° relative to the fl oor. Importantly, the head should 
be well fi xed to the head-holder with adhesive tape in order to prevent any 
intraoperative movements. One major advantage of thte half-seated position 
is that it frees the surgical fi eld from blood, since any kind of potential bleed-
ing falls on account of gravity and does not interfere with the surgeon’s view. 
The patient is given general anesthesia with endotracheal intubation, and to 
prevent blood ingestion, a pharyngeal packing is used.

2.2 Preparation

After occluding the eyes with adhesive tape, the nose, the nasal area and the 
gingival mucosa are prepped with antiseptic solution (Pervinox solution). 
When the tumor has a suprasellar extension, the lower right quadrant of the 
abdomen is also prepped to harvest a fat graft to pack the sella turcica after 
tumor excision in order to prevent the potential development of a cerebrospi-
nal fl uid (CSF) fi stula.

Surgical drapes are then placed and the surgical microscope is  positioned.

2.3 Surgical technique

As the surgical assistant (standing to the left of the surgeon) separates the lat-
eral border of the right naris, the surgeon infi ltrates the septal mucosa with 1% 
xylocain containing epinephrine and then performs a 1.5 cm long vertical inci-
sion through the septal mucosa. The septal mucosa is then separated from the 
nasal septum with the help of a dissector. This is an easily performed maneuver 
since the mucosa has been partially detached from the nasal septum with the aid 
of a previous xylocain infi ltration. The dissection is continued deeply until 
reaching the proximity of the attachment of the perpendicular plate of the eth-
moid bone and the vomer with the sphenoid body; at that point, the bone sep-
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Fig. 5A, B. Patient placed in a half-seated position
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tum is broken and moved from the midline (this maneuver is performed by 
opening and rotating the manual speculum to the right). Once reaching the 
midline, an autostatic speculum is placed and fully opened to maintain retrac-
tion of the nasal mucosa outside the fi eld of view. The following step involves 
identifying both sphenoidal sinus foramina and removing symmetrically the 
anterior wall of the sphenoid bone. This leads us inside the sphenoidal sinus; 
the thin sinus mucosa is wholly removed when there is evidence of infl amma-
tory or infectious changes. Otherwise, removal is only partial.

When one or more bone septa hinder the exposure of the sellar fl oor, re-
moval of these septa is required to fully expose the posterior aspect of the 
sinus and the fl oor of the sella turcica. Wherever possible it is advisable to 
obtain a small piece of bone (from the vomer or bone septum), measuring ap-
proximately 1 by 1 cm, to repair the fl oor of the sella turcica. With the micro-
scope pointing directly to the anterior lower surface of the sella turcica, and 
with the  help of a small chisel, the sellar fl oor is opened from midline to lat-
eral, creating a 1.5 cm wide, 1 cm long  window. When the lesion is a mac-
roadenoma with sella turcica enlargement, the sellar fl oor will be extremely 
thinned or partially absent. Sellar dura mater may also be thinned owing to 
tumor growth. The next step involves a cruciate incision of the sellar dura up 
to the margins of the bone opening; this is done with a bayonet-shaped knife 
holder. In most cases, after opening the dura and as a consequence of intra-
sellar pressure, grayish tumor tissue is expressed and should be removed with 
punch forceps for pathology examination. The remaining adenoma is dis-
sected with differently angled curettes, directed in all orientations, plus a sur-
gical aspirator. As soon as the sellar cavity has been emptied, the suprasellar 
extension of the tumor will move downward spontaneously towards the sella 
turcica and as a result of normal intracranial pressure. If this does not happen, 
intracranial pressure may be increased by applying compression to both in-
ternal jugular veins. At the end of the tumor excision procedure, the surgeon 
should perform a thorough exploration of the whole cavity to check for com-
plete removal of the lesion and preservation of the normal gland. It is at this 
point that endoscopic assistance becomes highly useful, using a 30°- or 60°-
angulated view endoscope.

After correct hemostasis is achieved, the piece of bone previously taken 
from the vomer is used to cover the sellar bone defect and fi xed with methyl-
methacrylate. Finally, the nasal septum is moved back to its normal position 
and both nares are packed.

3. ENDOSCOPICALLY ASSISTED MICROSURGICAL TRANSNASAL  APPROACH

Endoscopic surgery, a minimally invasive and maximally effective proce-
dure so defi ned after a modern conception of surgery, has also become 
widespread practice in neurosurgery in general and in pituitary surgery, in 
particular.
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Fig. 6. Transnasal microsurgical approach

Fig. 7. Inspection of the sphenoidal sinus

Fig. 8. Control of the intrasellar residual cavity
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In fact, during the 1990s, several authors started to show interest in the pos-
sibility of exploiting the benefi ts of endoscopic viewing, i.e. lateral views and 
excellent lighting [3, 23], for transsphenoidal surgery.

The aid of an endoscope can prove very useful if added to classic trans-
sphenoidal microneurosurgery (Figs. 6–8).

In these cases, the microsurgical approach can be directly transnasal, i.e. 
right-handed surgeons access the mucosa directly through the right naris to 
perform an incision anteriorly to and along the sphenoid ostium, at the level 
of the middle nasal turbinate. After locating the anterior aspect of the sphe-
noid bone body, the vomer attachment is broken and the septum displaced 
towards the contralateral side, in order to get a better view of the area with a 
surgical microscope. At that point, the endoscope is angled at 30° or 60° into 
the cavity for inspection of the sphenoidal sinus and recognition of bone in-
dentations corresponding to the carotid arteries or optical nerves.

When this mixed approach is applied, at this point it is advisable to switch to 
the ordinary microsurgical technique and subsequently open the sellar fl oor and 
the dura and, then, excise the tumor. When adenomas are large in size it is im-
portant that the endoscope be relocated at the end of the procedure in order to 
observe the residual cavity for any tumor remnant, which should be completely 
excised, or openings that might lead to the development of a CSF fi stula.

Finally, closure should be performed with an appropriate technique, in 
order to prevent complications, especially CSF fi stula.

4.  ENDOSCOPIC TRANSSPHENOIDAL APPROACH – 
SURGICAL  TECHNIQUE

The endoscopic technique is also used for the surgical treatment of sellar le-
sions, as it precludes the use of intranasal specula while offering a 360° pan-
oramic view of the area, thereby assisting in the recognition of all anatomic 
structures at nasal, intrasphenoidal, sellar and suprasellar levels [33].

Endoscopic equipment includes a telescope, optical fi ber, a light source, 
a digital videocamera, a monitor and a video-recording system. Telescopes 
used in these cases are usually rigid, 4 mm in dia meter, 180 mm long and 
offer angles of vision of 0°, 30° and  45° to suit the different surgical require-
ments. The telescope is inserted into a rigid sheath which provides protec-
tion to the unit and allows the user to handle it appropriately. The sheath is 
connected to an irrigation system which enables a clean vision through the 
whole procedure, as the lens is cleansed in a controlled manner and the en-
doscope does not need to be repeatedly removed for cleaning. The telescope 
is connected to optical fi ber for optimum transfer of the quality lighting 
generated by means of the xenon cold light source. The digital video cam-
era, preferably a three-chip unit, is adjusted to the telescope and connected 
to a high-resolution monitor for superb quality imaging. A digital video-
recording system is used for surgery documentation.
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Fig. 9. Endoscopical team placement

The endoscopic and microsurgical approaches use surgical instruments of 
similar features, the only exception being that the endoscopic approach uses 
straight instruments rather than the bayonet-shaped instruments preferred in 
microsurgery [9].

During the sellar phase of the procedure, the endoscope can be immobi-
lized by means of a mechanic fi tting which is attached to the bed. This helps 
to get a stable picture of the surgical fi eld and allows the surgeon to use both 
hands concurrently.

The monitor, the light source, the digital video camera and the video-re-
cording system are placed behind the patient’s head, all together as a full 
block, on a straight vision line towards the neurosurgeon, who stands to the 
right of the patient. The surgeon’s assistant stands to the left of the patient, 
whereas the surgical nurse stays at the level of the patient’s feet. Finally, the 
anaesthetist remains to the left of the patient’s head (Fig. 9).

Under general anaesthetic, the patient’s trunk is positioned at 15°, the 
head fi xed to the head-holder and 10° lateralized to the right towards the 
neurosurgeon. Whether the head is fl exed or extended will depend on 
the suprasellar extension of the lesion, though excessive fl exion should be 
avoided in order to prevent the thorax from hindering suitable handling of 
the endoscope.

Five percent chlorhexidine is used for face and nasal cavity asepsis. Surgi-
cal drapes are then positioned leaving only the nose exposed. Epinephrine 
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solution (1:100000) is used for intranasal topicalization to assist in mucous 
decongestion for ease of procedure.

In this case, as in the microsurgical approach, three surgical phases are 
recognized: the nasal phase, the sphenoidal phase and the sellar phase [1, 6, 8, 
13, 14, 24].

4.1 Nasal phase

This phase starts by angling the endoscope at 0° through the right naris. The 
anatomic structures in the nasal cavity are recognized, fi rstly by identifying 
the lower nasal turbinate laterally and the nasal septum medially. The middle 
nasal turbinate is the closest to the nasal septum. As the endoscope penetrates 
deeply along the fl oor of the nasal cavity, we reach the choana, which is 
bounded superiorly by the sphenoidal sinus, inferiorly by the soft palate, lat-
erally by the lower nasal turbinate and medially by the vomer in the septum. 
At a rhinopharyngeal level, the Eustachian tube can be recognized. The endo-
scope must be then moved on superiorly between the middle nasal turbinate 
and the nasal septum towards the sphenoethmoidal recess. This can be quite 
diffi cult owing to the close proximity between the middle nasal  turbinate and 
the septum, as already explained. Once at the level of the sphenoethmoidal 
recess, the sphenoid ostium can be identifi ed, as it is the entry towards the 
sphenoidal sinus. When pneumatization of the sphenoidal sinus is signifi cant, 
the ostium can be found more laterally behind the upper nasal turbinate and 
be thus diffi cult to identify. In these cases, partial removal of the upper nasal 
turbinate may be required for a proper visualization of the ostium, carefully 
ensuring that the cribiform plate is not damaged, to minimize the risk of CSF 
fi stula [10]. Where the sphenoid ostium cannot be properly identifi ed, the 
access to the sphenoid cavity may be inferred at a point placed at approxi-
mately 15 mm from the choana’s upper boundary, over the sphenoethmoidal 
recess (Fig. 10).

Fig. 10. Endoscopical view of the right nasal cavity
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4.2 Sphenoidal phase

This phase is initiated by coagulating the mucosa in the sphenoethmoidal 
recess around the sphenoid ostium. This prevents insidious bleeding of the 
septal branches of the sphenopalatine artery. After coagulation, a longitudi-
nal incision is made along the mucosa and up to the bone plane. The nasal 
bone septum, which is composed of the vomer inferiorly and the perpen-
dicular plate of the ethmoid bone superiorly, is drilled apart from the ante-
rior aspect of the sphenoid bone with a 4 mm drill, thereby exposing the 
complete rostrum of the sphenoid bone – and its typical keel-like shape – 
submucousally and bilaterally. Removal of the sphenoid rostrum is done by 
drilling or with rongeurs. The procedure starts at the level of the sphenoid 
ostia, which are taken as the upper boundary of the bone opening. Rostrum 
osteotomy must be widely performed inferiorly to allow enough room for 
the instruments required later for the sellar phase to slide through. The mu-
cosa of the sphenoidal sinus can be partially excised to avoid impairing en-
doscopic view. As the endoscope descends deeply into the sphenoidal sinus, 
it should be possible to recognize the bone septa, and there should exist a 
correlation between endoscopic anatomy and imaging studies (MRI and CT 
scan). By removing the septa in the sphenoidal sinus, the endoscopically 
anatomical bone recesses of the posterior and lateral walls of the sinus will 
be largely exposed, especially in the case of sphenoidal sinuses with good 
pneumatization. The sellar fl oor can be recognized centrally, with the pla-
num sphenoidale above and the clivus underneath. The carotid protuber-
ance, the optic nerve protuberance and the optic-carotid recess in between 
the two protuberances can be recognized on each side of the sellar fl oor. All 
together, bone endoscopic anatomy resembles embryological anatomy of 
the fetal face, where the forehead corresponds with the planum sphenoi-
dale, the eyes with the optic-carotid recesses, the eyebrows with the optic 
prominences, the cheeks with the carotid prominences, the sellar fl oor with 
the nose and the clivus with the mouth. When pneumatization of the sinus 

Fig. 11. Endoscopical view of the sphenoidal sinus
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is not well developed, all these anatomic recesses may be absent. If this is 
the case, identifi cation of the planum sphenoidale, the clivus and the carotid 
prominences should be enough to accurately establish the position of the 
sellar fl oor (Fig. 11).

4.3 Sellar phase

Once the sellar fl oor has been correctly identifi ed, the endoscope is immobi-
lized by means of a mechanic fi tting. The sellar fl oor is drilled open or cut 
open with the aid of rongeurs, the extent of the opening depending on the 
type of lesion requiring treatment. After dural  coagulation, whose purpose is 
to prevent potential bleeding of the (coronal) intercavernous venous sinuses, 
the dura is cut open in a linear or cruciate pattern to expose the sellar lesion.

After complete resection of pituitary microadenomas, there is no need to 
explore the sellar cavity with an endoscope, so hemostasis and reconstruction 
of the sellar fl oor can be initiated straightforwardly.

Resection of pituitary macroadenoma starts at the lower portion and pro-
ceeds on to the lateral extension of the adenoma to conclude on its upper por-
tion. If resection would be initiated at the upper portion of the macro adenoma, 
the diaphragm selae might descend prematurely and visually obstruct resection 
of the rest of the adenoma. A Valsalva maneuver (usually by bilateral jugular 
compression) can be useful to allow the diaphragm sel lae to go down, where 
spontaneous descent does not occur. This assists in the resection of any adeno-
ma remnant that might have been left adjacent to the diaphragm.

Telescopes with 30° and 45° angulations prove very useful to explore the 
sellar cavity, especially because they enable recognition of the lateral and supra-
sellar extension of macroadenomas and their resection, when the diaphragm 
sellae has not descended adequately. They also assist in recognizing the pitu-
itary gland more clearly, as this is usually thinned on the superior and/or pos-
terior sectors of the sellar cavity. Where the diaphragm sellae is large or practi-
cally inexistent, the suprasellar cistern can be recognized as a thin arachnoid 
membrane with CSF content and must be taken as the resection limit. To avoid 
the risk of CSF fi stula, the suprasellar cistern must not be damaged.

Hemostasis of the sellar cavity is performed in a manner like the microsur-
gical technique is carried out, applying hemostatic agents, coagulation or cot-
ton compression for some minutes.

Reconstruction of the sellar fl oor in this situation does not differ from the 
microsurgical technique and must be carried out in a watertight manner where 
occurrence of CSF fi stula is confi rmed, in which case external postoperative 
lumbar drainage is also performed [7].

Once the procedure has been completed, the endoscope is slowly removed 
and the nasal septum replaced in the midline, avoiding contact with the mid-
dle nasal turbinate and the consequent risk of postsurgical synechiae. Nasal 
tamponade is not regularly applied, except when insidious bleeding of the 
nasal mucosa is confi rmed.



197

HOW TO PERFORM TRANSSPHENOIDAL APPROACHES

HOW TO AVOID COMPLICATIONS

In general terms, the transsphenoidal approach is a safe procedure  offering a 
low rate of complications when conducted by a well-trained team.

Interdisciplinary work is an important concept to be observed during periop-
erative care: the neurosurgeon, the anesthetist, the endocrinologist and the in-
tensive care specialist must work closely to identify and  prevent complications.

These can be classifi ed as follows:

Surgery-related complicationsa) 
Sodium and fl uid balance disordersb) 
Hormone hypersecretion or hyposecretion disordersc) 

Surgery-related complications
Complications occur in <1% of the cases and are associated with anatomical 
manipulation during surgery [24, 25]. They can be immediate or mediate 
complications:

Immediate complications

Worsening of visual symptoms: Secondary to compression of the op-a) 
tical nerves during surgery or owing to the postoperative develop-
ment of hematoma.
Injury of the intracavernous carotid artery.b) 
  Intracranial hematoma: Subdural, extradural or intraparenchymal.c) 
Brain ischemia: Secondary to vascular injury.d) 
CSF fi stula.e) 

Mediate complications

CSF fi stulaa) 
Postoperative meningitisb) 

We will focus exclusively on the diagnosis and management of CSF fi stula 
because we have practically never encountered the above mentioned compli-
cations throughout our experience.

In patients who were treated with a transsphenoidal approach, CSF fi s-
tula diagnosis is established mainly when tamponades are removed. It is 
commonly confi rmed by evaluating nasal secretion with blood glucose-
measuring test strips. Once a fi stula has been clinically diagnosed, prophy-
lactic antibiotics should be avoided to prevent meningitis: this generates a 
selection of nosocomial bacteria which require broader-spectrum and lon-
ger-lasting therapies with antibiotics. These fi stulae tend to close spontane-
ously in the course of  48–72 hours. If closure does not occur, however, a 
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continuous lumbar drainage for 48–72 hours can be attempted. Radioiso-
tope cisternography, metrizamide-enhanced CT scanning, intravenous gad-
olinium-enhanced MRI or even intrathecal gadolinium-enhanced MRI can 
be performed to confi rm fi stula closure. Surgical repair will be considered 
on the basis of the results obtained with these imaging methods.

CONCLUSIONS

Historically, the transsphenoidal approach to intracranial structures was ap-
plied to corpses in ancient Egypt for ceremonial reasons, as it was considered 
to be the best solution to extract encephalic remnants without aesthetically 
altering the skull or the face of the deceased who would be mummifi ed.

Early in the twentieth century, truly pioneering otorhinolaryngologists 
and neurosurgeons ventured to approach sellar disease through the body of 
the sphenoid bone.

Advances in imaging (CT scan and MRI) coupled with the evident im-
provement achieved with the introduction of the surgical microscope, T.V. 
fl uoroscopic control, neuronavigators and, lately, the endoscope and intraop-
erative MRI have granted the adequately trained surgeon such safety that 
morbidity and mortality rates in this respect stand practically at zero.

Our own series of transsphenoidal approaches over the last 35 years has 
comprised more than three thousand cases covering the intrasellar benign tu-
mors (96% of pituitary adenomas, the remaining 4% being hypophysecto-
mies, Rathke’s pouch cysts, craniopharyngiomas, pituitary granulomas, cli-
vus chondrosarcomas and chordomas, metastatic tumors, small meningiomas 
of the tuberculum sellae, etc.).

We have used alternative pterional or subfrontal approaches only in the 
event of tumors with lateral intracranial extension.
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HOW TO PERFORM TRANSORAL 
APPROACHES

A. CROCKARD

INTRODUCTION

While transsphenoidal surgery was developed almost a century ago, it 
was the detailed anatomical studies, procedure, specifi c instrumentation 
and masterful teaching of Jules Hardy in Montreal in the 1960s that fi -
nally launched it as a standard neurosurgical procedure. Strange then, that 
an approach through an adjacent orifi ce met such (emotional) resistance, 
with fears of infection, bleeding and wound complications deterring many 
neurosurgeons. There had been isolated reports of removal of a bullet 
(Kanaval 1917) and tumors, but the technique did not come of age until 
ready access to neuroimaging defi ned clearly the anatomy and pathology of 
the ventral craniovertebral junction [5]. Again it has been the development 
of appropriate retractors and specifi c instruments which has allowed the 
procedure to be within the standard armamentarium of skull base and high 
cervical spinal surgeons. Pioneers in the fi eld have been Arnold Menezes 
(Iowa), who put his early ENT training to good effect, and Hiroshi Abe 
(Sapporo). In the UK, it was a far-sighted orthopaedic surgeon, George 
Bonney, who successfully decompressed posttraumatic deformities at the 
atlantoaxial joint.

The term “transoral” covers a suite of surgical procedures in which the 
surgical instruments are passed between the lips to gain access to the clivus 
[5], ventral craniovertebral junction and the upper two or three cervical ver-
tebrae. No single procedure will be suitable for all pathology; also the more 
extensive procedures such as the “open-door” maxillotomy [6] or “trans-
mandibular transglottic” approach are best served by a team approach com-
bining their individual skills. Their development is an important message to 
the modern surgeon, a move from the individual “surgical master” to the 
“premier league surgical team”.

RATIONALE

The transoral family of surgical procedures are particularly indicated for ven-
tral, midline, extradural pathology. They are contraindicated in lateral extra-

Keywords: skull base, posterior fossa tumors, microsurgery
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dural pathology and entirely intradural tumors and vascular abnormalities. 
However, small intradural extensions or a dural tear can be accommodated 
with careful preplanning (see below) [1, 5, 9].

Understanding the complex three-dimensional anatomy in the area is es-
sential for positioning, surgical approach and complication avoidance. The 
normal clivodental angle is about 140° and with head on neck extension this 
can be increased. In basilar invagination, the angle may be 90° or less, and, 
without temporary mobilisation of the teeth and alveolar margins, will render 
the craniovertebral junction surgically inaccessible. There are no extradural 
arteries at risk in the “transoral” target area, which measures 22 mm between 
the vertebral arteries at the clivus and at the body of axis and below. At the 
level of the atlas, this bony area is double the distance (22–24 mm on each side 
of the midline, i.e., 48 mm in total).

The surgical key to the area is the anterior tubercle on the arch of C1; 
this is the anatomical and embryological midline and to this are attached 
the longus coli muscles (and between these muscles is the subaxial midline). 
Below the craniovertebral junction the mucosa and muscle layer slide over 
each other due to an alveolar layer and permit a 2 layer closure (see below). 
Surgical closure above the ventral foramen magnum is more diffi cult as the 
pharyngeal lining is osteomucosal with Sharpey’s fi bres fi rmly binding it 
to the bone underneath. There are also numerous venous intercommuni-
cations between the dural sinuses, the bone and the submucosal venous 

A B

Elevate handle of
retractor candally B

Fig. 1. The standard transoral approach. A Exposure of the arch of C1 and odontoid peg by 
elevation of the soft palate using the Crockard retractor. B A vertical incision in the mucosa 
over the anterior tubercles will expose C1 and C2
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plexus. (The best way to control such bleeding is by elevation of the head 
above heart level and gentle prolonged pressure. Bipolar coagulation does 
not work.)

The craniovertebral junction’s movements and stability depend on strong 
ligaments, the alar apical complex, the transverse ligaments of the occipito-
atlantal and atlantoaxial joints. Surgical removal of any of these will demand 
that stability is carefully tested after a transoral procedure. In some condi-
tions, e.g., rheumatoid atlantoaxial subluxations, the neuraxial compression 
exists because of instability and thus a planned stabilisation must be part of 
the surgical solution. Careful detailed three-dimensional imaging of the bone 
and soft tissue is essential in surgical planning (for example, 1 in 11 people 
have a very large vertebral artery which may “interfere” with a planned screw 
trajectory).

Image guidance surgery and endoscopic techniques will facilitate greatly 
all surgery in this area.

Brainstem monitoring (SSEP and MEP) before and during surgery will 
alert the surgical team as to impending problems during the procedure. How-
ever, patients with severe deformity with neuraxial compression of more than 
30% will not have preoperative SSEP waveforms and thus peroperative mon-
itoring of this will be fruitless [8].

DECISION-MAKING

Transoral surgery should be considered for midline ventral extradural pathol -
ogy at the craniovertebral junction that is deforming or compressing the 
neur axis and which cannot be alleviated by skull traction and realignment of 
the atlantoaxial joint.

Plain radiographs are insuffi cient and detailed CT and MR scanning es-
sential; functional studies in fl exion and extension are required. In advance of 
surgery there should be detailed knowledge of the pathology. If it is a “bony” 
problem such as the presence of translocation of the odontoid, any rotational 
element in the deformity and the quality of the bone of the lateral masses of 
the atlas and axis, then this information is essential. The vertebral foramina 
will alert the clinician to the path and size of the vessel which may be dam-
aged by screw placement.

Image guidance is a great help but no substitute for rigorous preoperative 
investigations.

Vascular imaging is necessary for tumors, and tumor embolisation 
in some cases. A decision to remove a vertebral artery as part of the tu-
mor surgery should not be made without first establishing that the patient 
has a complete circle of Willis. In some, a trial temporary balloon occlu-
sion of the vessel in the conscious patient may be required (Table 1 and 
Fig. 2).
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1. PATIENT MANAGEMENT

I bring this point up prior to description of surgery to emphasise the impor-
tance of a team approach in a Specialist Unit. While the surgical technique can 
and should be learnt in the laboratory, it is only a part in the management of 
these complicated patients. Timing of surgical intervention is critical and can 
only be carried out in a team used to long-term evaluation of these patients. 
For surgery, the anaesthetic team must be familiar with the management of the 
diffi cult airway and nasotracheal intubation [2, 3]; very few patients should 
require an elective tracheostomy. Intraoperatve electrical monitoring and image 
guidance need to be used regularly in a variety of surgical procedures to ac-
quaint all the team for them to be of value in transoral surgery. A postoperative 
intensive care team well versed in the care of these patients is essential.

2. WHICH OPERATION FOR WHICH PATIENT?

There is a wide range of pathology which may be amenable, but surgical team’s 
may use a variety of skull base procedures. Set out in Fig. 2 is the decision-
making pathway for transoral surgery in anterior craniovertebral pathology.

Table 1. Management of “transoral” patients

Pre op Per op Post op

Mouth opens more than 3 cm
Bacteriology mouth swab Repeat if wound infl amed
SSEP (MEP) Repeat if deteriorate
Plain lateral radiograph of
CCJ

To check for soft tissue 
swelling

Plain lateral radiograph of
chest

To check for airway 
problem

Venous support stockings Mechanical anti embolism Venous support stockings
Broad-spectrum antibiotic Continue 24 hours
Antiemetic Continue 48 hours
Hydrocortisone ointment Continue 6 hourly 48 

hours
Nasotracheal tube* Continue 24 hours
Nasogastric tube* Continue 5 days

Nil orally 5 days
If a chance of a CSF leak CSF lumbar drain Remove if no leak

(in position not opened 
unless a leak)

10–15 ml/hr for 5 days 
if leak
Check CCJ instability

Open-door maxillotomy Tracheostomy As long as necessary
and transmandibular
approach

Percutaneous gastrostomy

*Used only if swallowing intact – otherwise tracheostomy etc.
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SURGERY

1. A STANDARD “TRANSORAL”

The anaesthetised patient is secured supine on the table with head held in 
3-pin head holder. The whole table is tilted 15–20° towards the surgeon; 
the head end of the table is titled 20° upwards. Image guidance is posi-
tioned and registered. The operating microscope provides best illumina-
tion and magnification for the procedure, although specific portions of 
the operations may be carried out with a flexible endoscope.

The transoral retractor (Coolman, Raynham, MD) is carefully positioned 
(after application of hydrocortisone ointment to the mucosal surfaces, lips 
and tongue). Great care is necessary to avoid “nipping” a portion of the 
tongue or lips between teeth and retractor. Meticulous attention to this will 
very signifi cantly reduce postoperative swelling. All the instruments in the 
transoral set are suffi ciently long and bayonetted to allow access to the depths 
of the wound. A long angled high-speed air drill is necessary.

The soft palate and the nasogastric and nasotracheal tubes are retracted 
to expose the posterior pharynx [1]. The anterior tubercle on the arch of 
C1 is identifi ed by instrumental palpation. A 4 cm vertical incision over 
this will expose the atlantoaxial area after the pharyngeal wall has been in-
fi ltrated with lignocaine and adrenaline to reduce cut edge bleeding. Sepa-
rate this layer off the prevertebral fascia and the longus coli muscles and 
bones.

Fig. 2. Decision-making for transoral surgery for anterior craniovertebral pathology
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The cutting diathermy will separate these muscles off the area of the atlas 
laterally to the lateral masses. The pharyngeal retractor holds these muscles 
and the incised pharynx apart converting the vertical incision into a hexagon 
containing the arch of C1, the odontoid behind it, the vertebral body of the 
atlas below and the ventral rim of the foramen magnum cephalad.

The air drill will remove the arch of the atlas between the lateral masses to 
expose the odontoid, which in turn is hollowed out. During this manoeuvre 
the relative angle of the peg and the drill mean that the proximal position of 
the peg just below the transverse ligament may be the site of an unplanned 
penetration of the cortical bone and even the dura (Fig. 3). When the peg is 
thinned to a cortical shell, the latter is removed with the long 1 mm and 2 mm 
Kerrison upcuts along with the attached alar apical ligaments.

The transverse ligament is incised and removed to expose the cruciate liga-
ment and any pannus in rheumatoid or pseudotumor of the elderly. The an-
gled bayonetted blunt hook will separate these structures and the underlying 
dura which has usually a greyish blue colour. Adequate decompression can be 
verifi ed by image guidance and prominent dural pulsations [1].

Wound closure is by 3/0 Vicryl on a round bodied needle angulated to 
convert the “C” to a “J” shape; two sutures to the muscles and four sepa-
rate sutures to the pharyngeal wall. After the layered closure, fi brin thrombin 
“glue” is injected into the bony defect to fi ll the void and act as a haemostat.

2. “OPEN-DOOR” MAXILLOTOMY

This procedure was developed to gain access to the clivus in severe basilar 
invagination, e.g., osteogenesis imperfecta, or for a clival chordoma. It allows 
midline access from the pituitary fossa down to the base of the atlas; lateral 
extension is limited to the width of the clivus to prevent damage to the verte-
bral and carotid arteries and the lower cranial nerves.

Prior to this surgery, a percutaneous epigastric gastrostomy and a trach-
eostomy are necessary.

The superior alveolar bone above the level of the dental roots is exposed 
under the upper lip. Titanium miniplates are positioned in the nasal and ptery-
goid buttresses for postoperative fi xations of the upper jaw. (To leave it till after 

Fig. 3. Drilling out odontoid peg. The soft palate has been retracted to expose area. The 
pharyngeal retractor holds the pharyngeal incision apart
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the maxillotomy will mean that the teeth are not in their exact preoperative 
 position.) The plates are removed and carefully preserved till the end of the 
procedure. A Lefort III maxillotomy is effected using the reciprocating saw 
and the upper jaw down fractured into the mouth. A midline incision between 
the incisors across the alveolar margin, the hard palate and then the soft palate, 
will create the “open door” (Fig. 4). Both segments of the jaw depend on the 
blood supply from the vessels coming in from the pterygoid muscles. The front 
two teeth on each side may be denervated, but the author, in 20 years, has not 
seen major problems in these patients very ill with their presenting pathology.

3. TRANSMANDIBULAR TRANSGLOTTIC

In this procedure, a midline excision of the tongue back as far as the epiglottis 
and the mandible, coupled with a careful cosmetic incision across the lower 
lip will allow midline exposure caudad to C5. This is particularly useful in the 
staged excision of an extensive chordoma.

LONG-TERM RESULTS

Since 1983, I have been involved in over 560 cases for a wide variety of  pathology. 
Over this period there have been changes in pathology. For instance, with the 
change in treatment of rheumatoid arthritis and particularly no steroids, the ex-
treme odontoid translocations with and without pannus have become a thing 
of the past [4]. On the other hand more and more tumors in the area have been 
referred and this has resulted in more “open door” procedures (476 transorals, 
74 open door, 20 transglottic and other).

The acute complications are listed in Table 2.
There are long-term problems associated with these procedures, the chief of 

which is nasal regurgitation especially of fl uids and altered “nasal” speech.

A

B

Visual
field

Fig. 4. The open door maxillotomy. A Area exposed. B Sawcuts for exposure
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Reoperation in the area can pose considerable diffi culties in terms of mo-
bilisations of the pharyngeal wall. All such procedures should involve spe-
cialist head and neck or maxillofacial surgeons.

HOW TO AVOID COMPLICATIONS

The major acute complications arise from confusion about the local anatomy 
and in particular the midline, and lack of meticulous care of the pharyngeal 
tissues. They are listed in Table 2.

Bleeding can be a surgeon’s nightmare particularly if it is arterial, usu-
ally the vertebral within its bony canal. Immediate packing with Surgicel and 
bone wax will save the patient’s life. It is virtually impossible to repair the 
vessel transorally, so control bleeding and request the interventional radiolo-
gists occlude the bleeding point. Following this it is most important to main-
tain good brain perfusion by keeping the systemic blood pressure normal or 
higher than normal.

Cerebrospinal fl uid (CSF) leaks can lead to meningitis and a fatal out-
come, so careful management is essential. The main preventative manoeuvre 
is to anticipate the possibility and have a lumbar drain in situ in those at risk 
(after the loss of a considerable amount of CSF it is practically impossible to 
establish a patient CSF line).

Table 2. Complication avoidance 

Problem Resolution

Access diffi cult Pre-op mouth opening <3 cm. Increase head on neck 
extension

Irregular dentition Pre-op manufacture “gum guard” to fi t retractor
Where is midline? Careful positioning, per-op X-ray, image guidance
Arterial bleeding Surgeon not in midline
Venous bleeding Surgical pack, “Head up” tilt table
Adequate decompression? Image guidance
Possibility CSF leak 
“Accidental”

Lumbar CSF drain, Inserted during anaesthesia 
Lumbar CSF drain (after op) 
Multilayer closure, Surgicel, Fibrin glue 
Dural sutures will not work

Wound problems Careful 2-layer closure, nil orally 5 days
Mouth and facial swelling “Head up” position. Hydrocortisone ointment to 

mucosa (no systemic steroids)
Post-op swallowing Re-intubate or change to tracheostomy

If prolonged, tracheostomy or percutaneous 
gastrostomy

CVJ instability Will require posterior fi xation
Vertebral artery injury Pack on op table  radiology  balloon occlusion 

(do not attempt transoral vascular repair)
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In combination with lowering CSF pressure with regular lumbar drainage 
the wound should be closed very carefully and if necessary a rotation mu-
cosal fl ap be used. Surgicel and fi brin thrombin glue injected into the space 
between the dura and soft tissue closure. It will be impossible to effect a wa-
tertight dural closure with dural sutures.

CONCLUSIONS

Transoral surgery provides a further weapon in the armamentarium of the 
skull base and upper cervical spine surgeon. It requires detailed anatomical 
knowledge and time spent in the surgical laboratory. It is not a procedure of 
the occasional operator.

That said it can produce an extremely satisfying clinical result for patient 
and surgeon.
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HOW TO PERFORM POSTERIOR FOSSA 
APPROACHES

J. J. A. MOOIJ

INTRODUCTION

The posterior fossa of the skull has always been considered a particular entity, 
from the beginning of the development of neurosurgery. This has to do with 
specifi c anatomical features, like the attachment of various muscle layers, the 
related irregular bony rims, the protuberantia externa (Inion), the mastoids, 
and within the skull barriers within the dura mater: the transverse and sig-
moid sinuses. Inside the dural coverings, delicate structures of the central 
nervous system are hidden: the cerebellum, the brainstem, most of the cranial 
nerves, the vertebral arteries, the basilar arteries, their important branches, 
and the venous outfl ow system.

Surgery for pathologies in the posterior fossa started already in the 1890s, 
with Victor Horsley. All major founding fathers of neurosurgery have con-
tributed to the development of surgery in this area: Cushing, Smith, Frazier, 
Krause, and De Martel, to mention the most important. In the beginning, 
surgery was done with the patient in a lateral position. A prone position be-
came more popular with the development of a good head rest, the horse shoe 
type, by Frazier, and further developed by Cushing and Smith. Specifi c prob-
lems were immediately recognised, like abdominal pressure raise and con-
comitant haemorrhage risk. In 1905 Frazier performed the fi rst operation 
with the patient in sitting position. De Martel propagated the sitting position 
and developed a special chair (1916). The risks for serious sequelae in the sit-
ting position were recognised very soon, with pulmonary air embolism, syn-
cope and shock. Therefore, the sitting position was not popularized in every 
centre. Instead, stepwise improvements in technique for other positions were 
developed. Generally four types of positioning have remained today: the 
prone position with variations; the lateral decubitus position with variations; 
the supine position with tilt and head rotation; and the sitting or semi-sitting 
position. Each has advantages and disadvantages, and certain preferences re-
lated to specifi c pathology and its localization within the posterior fossa. This 
will be dealt with in the next paragraphs of this chapter.

As is also true for neurosurgery in general, improvements in diagnostics, 
treatment techniques and operative results in posterior fossa surgery arose 
from the development of imaging (CT, MRI), the operative microscope, 

Keywords: posterior fossa approaches, microsurgery, skull base
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bipolar coagulation, CUSA, neuronavigation, and of course by improvement 
in anesthesiological and postoperative care.

Therefore, today surgery on pathologies in the posterior fossa can be as 
straightforward and safe as procedures in other places in the skull. There are, 
however, enough special aspects that warrant dealing with these in a separate 
chapter like this.

RATIONALE

1. SURGICAL ANATOMY OF THE POSTERIOR FOSSA

By “posterior fossa” is generally meant the most occipital and lower part of 
the skull. It is a compartment with a bony confi nement consisting of the oc-
cipital and most caudal part of the cranial vault, extending from the midline 
to the mastoid processes on both sides. From there, bony thickenings, the 
pyramids containing the inner ear, converge medially to end in a basic bony 
structure, medially anteriorly located and called the clivus. The “roof” is 
formed by the tentorium, a dural double layer within the bony skull. Several 
openings in this rather closed compartment allow the content of the posterior 
fossa to be connected with other parts of the central and peripheral nervous 
system, and the body: (1) the opening in the tentorium, the hiatus tentorii, 
through which the upper brainstem and both fourth cranial nerves run; (2) the 
foramen magnum, an opening at the most basal side of the bony skull, allow-
ing for the connection of the lower brain stem (medulla oblongata) with the 
spinal cord; and (3) numerous openings, foramina, for the cranial nerves, and 
the vessels that come in and go out [6]. On both sides of the foramen mag-
num, bony thickenings, called condyles, connect in a joint like fashion with 
the atlas, and thereby connect the skull as a whole with the vertebral column. 
Strong bands and ligaments, as well as many muscles, connect the lower part 
of the skull with the vertebral column and thorax, in a safe but fl exible way. 
The attachment of the strongest muscles, the trapezius, the semispinalis, the 
splenium capitis and the sternocleidomastoid, lead to a curved ring that forms 
the upper border of the outside of the posterior fossa skull.

It is relevant to know that the suture between the occipital bone and the 
parietal bones, the lambda suture, reaches way above the borders of the pos-
terior fossa.

On the inside, a dural layer is found, like in the rest of the skull. It covers 
the content of the posterior fossa, and folds within the skull to a double layer 
that covers the cerebellum, called the tentorium. In the middle part of this 
tentorium runs the straight sinus: a conduit connecting the vein of Galen to 
the connection of both transverse sinuses, the “confl uens”. The transverse 
sinuses are conduits within the dural layer following and forming the attach-
ment of the tentorium to the inner skull. From their confl uens, also called 
“Torcular”, the sinuses run laterally to the petrous bone and bend caudally to 
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transverse
sinus

sigmoid
sinus

C1

C2

Fig. 1. Midline incision (red line) from above torcular (external protuberance) to upper rim 
of C2. In many cases an occipital sinus runs in the middle line from the confl uence sinuum 
caudally

skin opening

bone
opening

Fig. 2. Oval skin opening, bony opening up to transverse sinus, and showing beginning of 
sigmoid sinus. Middle part of atlas (C1) removed
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form the sigmoid sinus on both sides. They end through the jugular foramina 
in the jugular veins in the neck. At the site of transition form the transverse 
into the sigmoid sinus (left and right), a third conduit arises following 
 the  tentorial attachment on the petrous bone, the superior petrosal sinus. 
These sinuses run towards the cavernous sinus just below and laterally from 
the opening in the tentorium, the hiatus. The transverse and sigmoid sinuses 
form the upper and lateral borders of the generally accessible dura of the pos-
terior fossa. For some situations these borders can be trespassed by special 
techniques: anterior sigmoid, translabyrinthine and/or transtentorial ap-
proaches, beyond the scope of this chapter.

Inside the dura of the posterior fossa the arachnoid layer is found. It con-
tains the CSF spaces, which in this area enlarge into several cisterns:

the cisterna magna, in the posterior caudal midline where between the • 
two cerebellar hemispheres the vermis ends and the medulla oblon-
gata transforms into the spinal cord;
the lateral cerebello-medullary cisterns;• 
the pontine and prepontine cisterns;• 
the ambient cisterns connecting dorsally to form the quadrigeminal • 
cistern, again between the two cerebellar hemispheres at the upper 
end of the vermis at the lamina quadrigemina.

The cerebellum consists of two hemispheres and the central connecting 
structure, the vermis. Detailed anatomical features can be found in neuroana-
tomical textbooks.

Fig. 3. Far lateral approach: less high up, but more caudally aimed at occiptal atlantoid 
junction, laterally
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For the neurosurgeon a few aspects are specifi cally important: (1) The cau-
dal part of both cerebellar hemispheres forms an appendage like extension, 
the tonsil. As a result of mass lesions, shifts may occur resulting in herniation 
of these tonsils into the foramen magnum with concomitant compression of 
the medulla oblongata and the spinal cord. (2) Laterally and more anteriorly, 
each hemisphere has an appendage near the lateral recess (opening) of the 
fourth ventricle, Luschka’s foramen. This is called the fl occulus, rather fi rmly 
attached to the dorsal and proximal part of the eighth nerve.

The cerebellum is connected to the brainstem by three major tracks on 
both sides, called brachium conjunctivum, brachium pontis and corpus resti-
forme. The most caudal part of the brain stem, the medulla oblongata, is 
reached directly caudally from the vermis. Between vermis and medulla opens 
the fourth ventricle through the foramen of Magendie. A thin covering form 
the velum medullare, and middle choroids plexus, is seen here. The anterior 
(“bottom”) of the fourth ventricle is the pons, with some detailed elevations 
related to cranial nerve nuclei.

Seen from lateral or anterior, the pons is separated from the medulla by a 
sulcus, a helpful surgical landmark.

The cranial nerves XII–IV arise from the brainstem in the posterior fossa, 
at distinct and different places. They run through the arachnoid space to their 
specifi c foramina, which again are landmarks in surgical procedures. Again, 
detailed anatomical descriptions are beyond the scope of this  chapter.

The most important veins to be considered in surgical approaches to the 
posterior fossa are, besides the already mentioned dural sinuses:

the petrosal vein or veins, also called Dandy’s vein, in the lateral pon-• 
tine angle;
the superior vermian veins, running dorsally from the upper vermis • 
to the tentorium;
the precentral cerebellar vein.• 

The arteries in the posterior fossa are:

the vertebral arteries (VA) entering the posterior fossa through the • 
dura on both sides of the foramen magnum, and joining into the basi-
lar artery (BA) in front of the pons; before that, they give branches 
that form the anterior spinal artery;
the posterior inferior cerebellar arteries (PICA), originating from the • 
intradural vertebral arteries, looping around the XI–IXth nerves, the 
tonsils, and then branching to the choroid plexus and the medial cer-
ebellar hemispheres;
the anterior inferior cerebellar arteries (AICA), coming from the mid-• 
basilar artery, running laterally and looping around the VII–VIIIth nerves 
before going to the middle portion of the cerebellar  hemispheres;
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the superior cerebellar arteries (SCA), originating from the BA just • 
caudally from the basilar bifurcation; the latter is lying just beyond 
the “borders” of the posterior fossa; the SCAs run on both sides 
over the upper pons, to the most cranial parts of the cerebellar hemi-
spheres, and have a close relationship to the trigeminal and the troch-
lear nerves.

2.  GENERAL ASPECTS OF PATHOLOGY 
AND PATHOPHYSIOLOGY IN THE POSTERIOR FOSSA

Surgical approaches to the posterior fossa are done for a variety of patholo-
gies, details of which are found elsewhere in this book.

In general, surgery is done for:

tumors• 
intrinsic tumors of the cerebellum –
intrinsic tumors of the brain stem –
tumors in the fourth ventricle –
intrinsic tumors of the pineal gland/region –
tumors of the cranial nerves (mostly vestibular schwannomas) –
cerebellar metastases –
extra axial tumors: meningeomas –

superfi cial• 
petroclival• 
tentorial• 
foraminal• 

vascular lesions/problems• 
aneurysms –
arteriovenous malformations –
fi stulas –
haemorrhage –

neurovascular compression syndromes• 
trigeminal neuralgia –
hemifacial spasm –
glossopharyngeal neuralgia –
tinnitus-vertigo syndrome –

infections (abscess, empyema)• 
trauma (isolated posterior fossa trauma is seldom!)• 

Symptomatology of these lesions is of course related to their localiza-
tion, with or without impact on neurological function: it varies from 
cranial nerve dysfunction (deafness/dizziness in vestibular Schwannomas) 
to brainstem or cerebellar dysfunction, by distortion, compression or 
destruction.
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Besides local (intrinsic) neurological dysfunction, a general problem may 
arise which is pertinent to the posterior fossa: the relatively small and con-
fi ned space leads easily to a rise in intracranial pressure with brainstem 
 compression and dysfunction. This can result in loss of consciousness, distur-
bance of gaze and other oculomotor symptoms, and ventilation problems. 
Such a mechanism is seen especially in acute mass lesions like in cerebellar 
haemorrhage.

A separate and often concomitant mechanism is the interference of 
 pathology in the posterior fossa with the circulation of the cerebrospinal fl u-
id (CSF), resulting in acute hydrocephalus. It can be diffi cult to unravel the 
pathophysiological mechanism in a certain situation and to decide whether 
treatment of the hydrocephalus or of the mass lesion itself is preferable. 

SURGERY

1. POSITIONING IN POSTERIOR FOSSA APPROACHES

It is well known that positioning of the patient for neurosurgical procedures 
is of paramount importance and may be decisive for the success of the sur-
gery. This holds especially true for approaches to the posterior fossa.

There are four main positions to be considered [2, 4, 7, 8]:

Prone/Concorde• 
Lateral decubitus/park-bench• 
Supine with rotation of the head• 
Sitting position• 

skin
incision

ear
mastoid

Fig. 4. Lateral position, retromastoid approach. Skin incision starts behind and a little above 
the ear, curving towards some crease in the skin of the neck
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1.1 Prone and Concorde position

These positions are predominantly used for pathologies where a midline ap-
proach is necessary. But also for a so-called far lateral approach, this position 
has some advantages above a lateral positioning (see next paragraphs). In the 
prone position, the patient is lying prone on the table with support to thorax, 
pelvis and legs. This support should leave the belly free. Therefore, a  U-shaped 
cushion may be used under the thorax. The head is either supported by a 
horse-shoe cushion, or fi xed in a Mayfi eld clamp. The latter is my favourite, 
and gives more freedom for fl exion of the head with concomitant better ex-
posure of the lower occiput and neck. Such exposure can be even more exag-
gerated by lifting the upper thorax and shoulders, and bending and lowering 
the head to a maximal fl exion. That is what is called the “Concorde” position, 
a self-explaining name!

In such a position, the surgeon may stand from one side of the body look-
ing from below towards the occipital region. Therefore, the head can even be 
angulated and tilted a little, according to the surgeon’s preference. But, espe-
cially in the Concorde hyperfl exion, the surgeon may work “upside down”, 
standing and even sitting with the patient’s head “in his/her lap”. This is my 
favourite position for surgery on midline posterior fossa pathology in infants 
and young children.

1.2 Lateral decubitus and “park-bench” position

This approach is primarily used for unilateral entering of the posterior 
fossa: a paramedian approach for a cerebellar hemisphere lesion, or a retro-
mastoid opening for pontine angle pathology, including VA and PICA aneu-
rysms. Careful support for the thorax is necessary leaving some space for the 

Fig. 5. Same as Fig. 4; oval skin opening (red line) bone opening reaching transverse and 
sigmoid sinus

ear mastoid
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underlying upper arm, with some fl exion for the lower arm. Also the hips 
must be well-supported and fi xed in this position, in order to avoid inadvert-
ent sliding or rotation. Again, the head is held by a Mayfi eld clamp, the neck 
can be fl exed as far as necessary and appropriate. The major advance is that 
rotation of the neck, with risks for kinking of the VA, and postoperative cer-
vical vertebral and muscle pain, is avoided. The problem is primarily the un-
derlying arm, with risks for compression of the brachial plexus. Another 
problem and risk may be some hypoventilation of the lower lung and postop-
erative atelectasis. This needs special attention,  especially at the end of the 
surgery. After closing up, the patient should be rotated fi rst to the supine 
position, ventilated well, and only extubated thereafter. 

However, with some routine the lateral decubitus position can be fi ne and 
stable, especially for long lasting procedures in elderly patients.

The arm problem can be mitigated by letting the arm hang in a sling past 
the end of the table, with still good support for the thorax. Moreover, some 
rotation of the patient towards a more prone position is then easy and may be 
preferable. That is the “park bench” position.

1.3 Supine position with rotation of the head

For lateral pathology in the posterior fossa, a supine position with the head 
fi xed in a Mayfi eld clamp and rotated to one side is suffi cient. It is easier and 
much faster than the lateral (or park bench) position. Many patients can 
 rotate the head far enough, but this should be tested in the awake situation 
preoperatively. In order to avoid too much rotation, and subsequent kinking 
of the VA, the thorax should be supported by an extra cushion on one side, 
thus rotating the body already quite a bit. Some fl exion in the neck can be 
added, for better accessibility of the lower lateral part of the posterior fossa. 
The most important to avoid in this position, besides the already mentioned 
interference with the VA, is compression of the underlying jugular vein, 

Fig. 6. See Figs. 4 and 5, concentrating on dural opening. This starts with a linear inci-
sion (red), followed by two caudal incisions (green), for a basal dural fl ap; now CSF can be 
drained, underneath the cerebellum. Last incisions are cranial (blue), making a triangular 
dural fl ap based on the transverse sinus. The lateral trapezoid fl ap (blue-red-green lines) is 
based on the sigmoid sinus and allows for maximal lateral approach along the cerebellum

cranial

medial
caudal

lateral
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which may be the major venous outfl ow of the brain. Venous congestion 
should be avoided at all costs, and can be diminished remarkably by lifting 
the head or the whole upper part of the table just a few degrees. This position 
is  extremely well suited for surgery in the pontine angle (including petroclival 
meningeomas), on cranial nerves, on the lower lateral brain stem, and the 
cerebellum or the tentorium on one side.

1.4 Sitting position

As already mentioned in the fi rst paragraph, in the beginning of posterior 
fossa surgery the sitting position became very popular. With table tilt 
and more bending in the hips, one can even lower the whole position to-
wards a so-called semi-sitting position. Head fi xation has been improved 
 remarkably thanks to the Mayfi eld clamp, which can be mounted in front 
of the head with a U-shaped device fi xed on the side bars of the operation 
table.

The advantages in this position are:

Best overview for the upper cerebellum, the midline tentorium area, • 
and consequently ideal for the supracerebellar infratentorial approach 
to the tectal and pineal area;
CSF•  and blood drain outwardly, resulting in less need for (time con-
suming) suction compared to the other position;

The disadvantages are, however:

risk for pulmonary air embolism: given the 10% chance for unknown • 
patency of the cardiac oval foramen, there is even risk for air embo-
lism in the cerebral circulation;
sagging of the cerebellum, which needs retractor support;• 
risk for cardiovascular instability during positioning; transverse cord • 
lesions have been described;
need for postoperative sitting position in the ICU for the fi rst hours, • 
with slow adaptation towards a more supine nursing position;
fatigue for the surgeon in long lasting procedures, with his/her arms • 
more stretched due to the longer working distance, depending on the 
building of the microscope (less angulation of the oculars on the mi-
croscope body).

The disadvantages can be overcome, when there is a strong preference for 
this position, related to the pathology to be treated. The following measures 
should be taken [1, 3, 4]:

stockings or even G-suit for the legs;• 
preoperative work-up to exclude a patent oval foramen;• 
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precardiac transthoracic Doppler probe, or, even better, trans-• 
oesophageal cardiac Doppler equipment in place;
intra-atrial catheter for immediate suction when air embolism is • 
 detected;
pCO• 2 measurement in the outfl ow channel of the ventilation tube is 
standard for anesthesia, but should get extra attention;
good access to cervical area, in order to allow for jugular vein com-• 
pression when air embolism occurs;
alertness of the surgeon for any suspicion of air embolism, espe-• 
cially during the opening and closure: active communication with 
the anaesthetist, extensive and continuous irrigation of the surgical 
fi eld, careful coagulation, and excessive waxing of all bony struc-
tures and rims.

It is clear that the sitting procedure adds risks to the surgery in the pos-
terior fossa. Therefore, this position should only be used by an experienced 
team, that performs surgery in this position on a regular basis. It is only 
justifi ed when the advantage outweighs the risks, as for example in the su-
pracerebellar infratentorial approach to the pineal or tectal area.

2. STEPWISE PROCEDURES [5, 6, 8]

2.1 Midline approach

This procedure can be performed in the prone and in the sitting position.
Procedure after positioning, fi xation, mounting electrodes for monitor-

ing, and draping:

Midline skin incision, from 2 cm above the external protuberance, to • 
the palpable spinous process of C2.
Loosening the skin from the underlying periost and muscle fascia for • 
about 0.5 cm, important for easy closure.
Continuation of midline incision with monopolar cutting and coagu-• 
lation needle device; in the sitting position even more care is taken to 
coagulate any little vessel, under lots of irrigation and with regular 
jugular compression in the neck, see paragraph on sitting position. 
In the upper and lower part of the incision, the midline can be found 
and followed very easily, which helps in fi nding the right place in and 
underneath the fascia to separate the muscle bundles on both sides of 
the midline.
The periost of the occipital bone is scraped to both sides, with the • 
muscles attached. For a very large opening to both sides, it may be 
preferable to cut the muscles horizontally on both sides (0.5 cm cau-
dally from their attachment, for better closure), but in my experience 
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this is hardly ever necessary with a fi ne linear midline incision that 
goes up highly enough.
The extra cranial muscle work is fi nalized by freeing the upper part • 
of the C2 spinous process, then coming to the atlas, from below and 
from above, and subsequently scraping the periost from the back of 
the atlas to both sides, beginning in the midline. This last part is done 
with knife and scissors, followed by sharp small dissector, in order 
to avoid inadvertent damage to dura and/or vertebral artery so easily 
done with the cutting needle!
Once enough of the occipital bone and the atlas is freed, visible and • 
accessible, defi nite retractors are placed. However, during the micro-
scopical part of the surgery these retractors may form obstacles for 
smoothly bringing in and out microsurgical instruments. Therefore, 
we prefer to retract the muscles with sutures connected to rubber 
bands, or any type of fi sh hooks. So, the operation fi eld is as fl at as 
possible, making the surgery easier.
The next step is the bone work. Decision on which technique to • 
use is determined by age and local anatomical features. In children, 
and adults with a rather fl at occipital bone, we make two burr holes 
on either side of the midline, just under the presumed position of 
the underlying transverse sinus. The holes are connected by drilling 
with a small burr head, and then the bone is cut from the burr holes 
caudally in a curved way using the craniotome. This is an osteoplas-
tic technique, allowing for replacement of the bone at the end of 
surgery.
In adults with thick bone, and/or irregularities, as well as in cases where • 
the above technique encounters some (adhesion) problems, we use 
again the two burr holes, but continue with the Leksell rongueur. A 
piecemeal (osteoclastic) removal of the occipital bone results, more time 
consuming but sometimes safer than the method described  before.
Once the dura has been freed, one has to decide whether the opening • 
is wide enough: for high located lesions it is mandatory to remove the 
bone until the fi rst 3–5 mm of the transverse sinus are visible, allowing 
for better dural retraction upwards. In cases with signifi cant mass le-
sions, and subsequent chance of already existing tonsillar herniation, 
the atlas should be removed in its middle 2–2.5 cm, upfront, before the 
dura is opened.
Classically, one might prepare for a supratentorial burr hole, in order • 
to have access to the ventricle for tapping CSF. In my experience I have 
hardly ever needed such an access: either the patient had already some 
CSF diversion because of a clinical emergency situation preoperatively, 
or the intraoperative situation could be easily handled by some table 
tilt or anaesthesiological measures, followed by rapid opening of one 
of the suboccipital cisterns as soon as the dura was opened.
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The next step is dural opening. The classical Y opening over both • 
hemispheres, with the “long leg” of the Y in the midline as far down as 
necessary (so even to the upper rim of C2), is still my favourite. How-
ever, in some 10% of the cases, the midline dura contains (“hides”) a 
sinusoidal remnant, the occipital sinus. The surgeon should be pre-
pared to encounter this venous conduit. There are several methods to 
solve the problem: the incision can be made more lateral, parallel, with 
a straight crossing at the higher point of the sinus and suturing it at 
both sides of the cut; or stepwise opening and suturing – or clipping 
with hemoclips – can be performed, with some additional bipolar co-
agulation. The latter method is especially preferable when that sinus is 
rather wide, which is sometimes the case.
Adjuvant dural incisions towards the lateral side, more caudally start-• 
ing from the Y’s long leg, may be helpful for a maximal overview.
Since this approach is primarily chosen for midline or near midline pa-• 
thology, the next step is to identify the fourth ventricle. The classical 
splitting of the vermis is not necessary in most cases: careful prepara-
tion (from now on under microscopic magnifi cation) of the arachnoid, 
in particular between cerebellar hemisphere and vermis, allows lifting 
of the caudal end of the vermis. When more space is wanted, a subtle 
splitting of the velum medullare posterius on one side is suffi cient in 
most cases. For further details of handling the intradural pathology 
one should read the chapters dedicated to these.
Closure is done very carefully. The arachnoid cannot always be closed • 
separately, which is less important here than for example in the spinal 
cord region. But the dura should be closed as watertight as possible, 
without causing compression. The latter might be the case when there 
is swelling of the cerebellum after removal of only relatively small 
 pathology. In such a situation, a duroplasty should be performed, 
preferably with natural material: fascia from within the operative 
fi eld, or even fascia lata, for which access should have been prepared 
in the draping procedure. There are many commercial products now 
for dural replacement, which may work fi ne. In our experience, 
body’s own material still works best! Of course such closure may be 
supported by fi brin glue sealing. The latter never resists a real CSF 
outfl ow under a certain pressure, though!
Replacement of bone, over an epidural gelatine layer or other haemo-• 
static material, may be helpful in controlling haemostasis, but is not 
absolutely necessary. We never fi xate the bone, but use it only as a 
support between the layers.
The deep and superfi cial muscles can be approximated in two layers, • 
over which the fascia should be closed separately in a tight fashion. 
Here the advantage of the subcutaneous loosening at the beginning be-
comes obvious, resulting in more freedom for handling this  closure.
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Next, subcutis and skin are closed, with interrupted and a running • 
suture, respectively. A drain is placed only rarely, and should never 
replace careful haemostasis!
A tight (compressing) bandage is hardly possible in this area, and ac-• 
tually not necessary.
It should be stressed once more that in the sitting position the closure • 
can be more time consuming, with again attention for any kind of 
venous openings (jugular compression, waxing the bone etc.).
When surgery was performed in the prone position, the patient is • 
turned supine while still intubated, well ventilated in this new posi-
tion and only extubated thereafter. After a sitting position procedure, 
the patient should be awakened and extubated in the sitting position. 
Then, postoperative surveillance in the ICU should be with the pa-
tient sitting, slowly (over many hours) changing towards a supine 
situation.

2.2 Variants of the midline approach

For a so-called far lateral approach, we use also the prone position. After full 
exposure, the table (with the patient well fi xated to it) may be tilted and/or 
turned as far as necessary and acceptable.

The procedure starts as the standard midline opening, but the skin • 
incision turns to one side at its upper extension, bending just behind 
the mastoid process, and ending there. This is called a hockey-stick 
incision.
After undermining the skin a little, the muscle layers are cut with the • 
diathermic needle, at the upper rim just under the attachment to the 
nuchal line on one side. Skin and muscles are detached from the bone 
in one layer, with a sharp dissector and diathermia.
Retraction is done again with fi sh hooks and/or sutures with rubber • 
bands.
Now the occipital bone should be visible from a little over the mid-• 
line, to one side with exposure of the lateral mastoid. Caudally the 
rim of the foramen is exposed, low laterally the digastric groove and 
the  occipital part of the condyle. The atlas is freed as was described 
before, but more to one side, where it forms the atlanto-occipital 
joint.
The resulting working space allows for more bone removal laterally, • 
as far as is found necessary for the specifi c surgery at hand.
Bone work is done as described before; special handling of the • 
|vertebral artery, freeing it from C2 and C1, can be part of this 
procedure.
The dural incision is now over one cerebellar hemisphere ending in • 
the cervical area just above C2; a separate incision reaches as far later-
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ally as possible, allowing for triangular dural fl aps and a wide opening 
over the lateral medulla.
Closure is straightforward and follows the same principles as de-• 
scribed before.

2.3 Retromastoid craniotomy/craniectomy

With a well performed retromastoid approach one can access the whole lat-
eral part of the posterior fossa, from the foramen magnum caudally to the 
hiatus tentorii cranially. We use it for all pontine angle tumors, petroclival 
tumors, neurovascular compression syndromes, lateral pontine pathologies, 
and VA and PICA pathology (f.e. aneurysms).

We position the patients mostly supine with shoulder support and rota-
tion of the head fi xed in a Mayfi eld clamp (see before).

Stepwise procedure for retromastoid approach:

After positioning and mounting of electrodes for monitoring (when • 
appropriate), shaving, prepping and draping, an incision is made, 
starting 1.5 cm above and behind the upper ear, following the curva-
ture of the ear and ending some 2 cm under and behind the palpable 
mastoid process.
The skin is undermined in its upper part (for easy closure), then fascia-• 
periost and muscles are cut by monopolar needle diathermia. The oc-
cipital artery is always encountered and needs careful coagulation and 
cutting.
Sharp dissection of the muscles from the bone – with some emissar-• 
ia veins to be controlled with bone wax – results in a bony area of 
4 4 cm, which of course can be modifi ed and enlarged in one direc-
tion or the other.
Laterally, the fi rst cm of the mastoid should be visible, as well the di-• 
gatric groove behind and caudally to it. We free the bone till it shows 
the horizontal (= vertical in this position!) plane, the lowest part of the 
lateral occipital bone.
Retraction is done with fi sh hooks and sutures with rubber bands, • 
resulting in a fl at operation fi eld.
We generally start with one burr hole in the upper part of the bone • 
exposure, which is always near or on the transverse sinus. We never 
feel the necessity for neuronavigation at this stage.
Depending on the thickness of the bone, we now make a fl ap with two • 
curved lines, using the craniotome and starting from the burr hole. If 
that is awkward and diffi cult, we drill part of the outer layer of the bone 
and use rongueurs, turning a planned craniotomy into a craniectomy; 
bone pieces and bone dust are saved in order to be used at closure.
The bone opening is widened with some drilling or rongueurs to such • 
an extent that the transverse and sigmoid sinuses are visible for at least 
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3 mm at the edges of the craniotomy. This allows for better retraction 
of the dura.
Two problems are always encountered, but can be handled easily: the • 
major emissaria vein in this area comes from the upper sigmoid si-
nus; it can be coagulated, but sometimes a small tear is unavoidable 
which can be covered by some haemostatic agent (surgicel, gelfoam). 
Furthermore, some mastoid air cells are almost always opened when 
adequate bony exposure is pursued. These air cells should be cov-
ered and closed very carefully with bone wax. We do it always before 
opening of the dura, and again after its closure.
Because of the drilling, the operative fi eld may have become quite • 
dusty by now! Irrigation and additional draping is very adequate for 
providing a nice surgical fi eld.
The dura is opened. For most pathologies we do this with a standard • 
order of incisions: fi rst, a straight incision in the middle of the exposed 
dura, parallel to the mastoid. From there a triangular fl ap is prepared 
caudally, by two cuts.
At this time, the smallest retractor or dissector is used to lift the caudal • 
cerebellum and reach for the lateral cerebellomedullary cistern. Opti-
mal access is obtained when the bony opening has indeed reached the 
fl at part of the occipital bone. CSF comes out, sometimes after some 
minimal arachnoid perforation with a forceps. Waiting and draining 
carefully allows the cerebellum to sink adequately,  after which no 
retractor is needed anymore for the rest of the procedure.
Now the last dural opening is made with two cuts to the upper part, • 
resulting in an upper dural triangle, based on the transverse sinus. The 
trapezoidal dural fl ap that is based on the sigmoid sinus is now tagged 
with two sutures as far laterally as possible; the triangular fl aps may 
be tagged as well.
The more medial part of the dura, as well as the cerebellum, are cov-• 
ered with thin gelfoam.
The microsurgical part of the procedure should start now: lateral from • 
the already fallen down cerebellum the arachnoid cisterns are reached. 
They are opened on purpose, after which more CSF can be drained 
and adequate exposure of the pathology at hand is obtained. See again 
the dedicated chapters.
Closure starts with running sutures for dural closure; many times this • 
seems inadequate in the beginning, but after a fi rst run, additional su-
turing will bring the dural rims together in most cases.
Pieces of muscle or gelfoam in fi brin glue may help fi nalize a water-• 
tight closure.
The bony rims and opened mastoid cells are waxed again. The epi-• 
dural surface is covered by thin layers of gelfoam, on which the bone, 
bony pieces and/or bone dust is applied.
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Muscle layer are adapted, after which a tight closure of the fascia • 
takes place. Here, especially at the upper part of the incision, the 
subcutaneous preparation payes off, enabling a watertight closure 
of the fascia.
The subcutaneous tissue is adapted with 3–4 stitches, and the skin is • 
closed with a running suture.
No drains are necessary, a simple skin drape is used, over which a • 
compressive bandage is applied for 3 days.

2.4 Variation: the paramedian approach

For some pathologies that are located strictly in one cerebellar hemisphere, 
the surgeon might want to use an “intermediate approach”, which is between 
the midline and the retromastoid (lateral) approach. The difference with the 
retromastoid is a more straight incision, parallel to it and halfway the midline 
and the mastoid area. There is no necessity to go so caudally in that approach, 
and the procedure is literally straight forward, allowing for an adequate open-
ing of just a part of the lateral half of the occipital bone. It is not felt necessary 
to analyse such an approach again in a stepwise fashion.

HOW TO AVOID COMPLICATIONS

The most frequent complications of the approaches to the posterior fossa as 
such are:

infection• 
haematoma• 
CSF•  leakage subcutaneously
CSF•  leakage to oropharynx through mastoid and middle ear
air embolism.• 

Infection prevention is pursued by meticulous sterility, avoiding necrosis 
by too heavy coagulation, and perioperative broad spectrum antibiotics 
 (cephalosporine), a bolus before skin incision, and at 3 and 6 hours, when 
surgery takes that long.

Haematomas should be prevented by careful haemostasis, blood pressure 
control, and awareness of preoperative coagulation status of the patient (his-
tory, medication).

CSF leakage can occur intradurally, through the internal meatus when 
this is drilled open (in acoustic neuroma surgery); but more frequently, and 
related to any posterior fossa approach, by a not watertight dural closure. 
CSF can leak to the subcutaneous area only, or even come out through the 
skin. Or it can fi nd its way through the opened and insuffi ciently waxed mas-
toid cells, given rise to rhinorrhoea.
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As said before, avoidance is by optimal closure of dura and mastoid cells; or 
by plugging the internal meatus. In some 10% of cases even in the most experi-
enced hands some CSF leakage occurs. Prompt treatment by a lumbar external 
CSF drain for some 3–5 days is generally adequate, and in case of signifi cant 
subcutaneous CSF collections, by concomitant puncture of that and install-
ment of a blood patch. We have used the latter only very seldom, though.

The problem of air embolism is already discussed before, in the paragraph 
on the sitting position. By adequate preparation of the patient, the installation 
of the right equipment (catheters, Doppler probes), and awareness of the risks 
by surgeon, anaesthetist and personnel, air embolism cannot be prevented in 
every case, but the sequaelae can and should be reduced to a safe minimum.
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HOW TO PERFORM TRANSPETROSAL 
APPROACHES

T. KAWASE

INTRODUCTION

The middle fossa transpetrosal approach was originally developed by King in 
1970, and so-called “extended middle fossa approach”, which was combined 
with middle fossa craniotomy and translabyrinthine approach [6]. The 
 method was mainly applied to acoustic tumors, but it was indicated to clival 
lesions by Hakuba et al. [2].

An advantage of this approach is low risk of cerebellar damage to access 
more laterally to the brain stem. The disadvantages were sacrifi ce of hearing 
and venous complication (venous thrombosis of vein of Labbe and sigmoid 
sinus). Al-Mefty used this approach for more number of the petroclival 
meningiomas, by preservation of acoustic structures (posterior transpetro-
sal approach) [1]. In 1985 and 1994, Kawase reported the anterior transpet-
rosal approach for basilar trunk aneurysms and petroclival meningiomas by 
selected resection of petrous apex [3–5]. The clival lesions were accessed by 
the shortest way to the area anterior to the internal auditory meatus (IAM) 
without sacrifi ce their hearing. In this chapter the anterior and posterior 
transpetrosal approaches are described.

DECISION-MAKING

The anterior transpetrosal approach (ATP) is indicated for petroclival or pre-
pontine lesions, such as meningiomas, chordomas or epidermoids. It is abso-
lutely indicated for petroclival tumors showing extention into the middle 
fossa and Meckel’s cave, such as dummbell type trigeminal neurinomas, or 
petroclival meningiomas showing middle fossa extension. Prepontime epi-
dermoids over the midline or with supratentorial extension are indicated for 
this approach. Basilar trunk aneurysms or low positioned basilar top aneu-
rysms are indicated for clipping by this approach. The maximal surgical fi eld 
is limited in the area of foramen ovale anteriorly, oculomotor nerve superi-
orly, mid clivus inferiorly, internal auditory meatus posteriorly and contra-
lateral abducens nerve medially (Fig. 1A).

Keywords: skull base tumors, transpetrosal approaches, minimal-invasive 
neurosurgery 
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The posterior transpetrosal approach (PTP) is indicated for large cerebel-
lopontine angle (CPA) tumors such as meningiomas, or vestibular schwan-
nomas (Fig. 1B). By combination with the ATP (combined petrosal approach), 
it can be indicated for large petroclival meningiomas extending posterior to 
the internal auditory meatus.

Patient’s hearing can be preserved in the patient whose semicircular canals 
be preserved by otological technique.

Compared to the lateral suboccipital approach, the benefi ts are as follows: 
(a) No retraction damage to the cerebellum and cranial nerves from VII to XI, 
(b) easy access to the tumor extended into the middle fossa and Meckel cave, 
(c) dried surgical fi eld during tumor removal by devascularization of tumor 
feeders of middle meningeal and tentorial arteries, (d) no surgical blindness to 
anterior brain stem and basilar artery. The disadvantage is a surgical limita-
tion to the lower clivus and jugular area.

Compared to the subtemporal-transtentorial approach, the benefi ts are as 
follows: (a) lower risk of injury to the temporal bridging veins by the epidural 
access, (b) deeper observation below the trigeminal nerve. The disadvantage is 
longer operation time for resection of the pyramid.

SURGERY

1. SURGICAL INSTRUMENTS AND PREOPERATIVE PREPARATION

Sugita’s hooked retractors and tumor retractors (Mizuho-Ika Co., Tokyo, 
 Japan), surgical drill with twist tips of 5 and 3 mm in diameter and with a 
diamond tip of 2 mm, ultrasonic aspirator and evoked-potential monitoring 
system.

Fig. 1. A Anterior transpetrosal approach. B Posterior transpetrosal approach. Site of pyra-
mid resection (dotted) and the surgical fi eld (broad line). GPN Greater petrosal nerve, CH 
cochlea, LB labyrinth, IAM internal auditory meatus, V trigeminal nerve
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A spinal drainage tube is inserted before surgery. For large tumors with 
presumed risk of herniation, a ventricular drainage tube is inserted in the 
trigone, instead of the spinal drain.

2. OPERATIVE TECHNIQUES AND HOW TO AVOID COMPLICATIONS

2.1 Anterior transpetrosal approach

The patient is positioned in supine with a shoulder pillow, and the head is 
fi xed completely laterally with slight vertex down.

 1)  Craniotomy. After scalp incision above the auricule, the temporalis 
fascia, which is used for closure, is dissected from the muscle with 
its pedicule inferiorly. The temporalis muscle is refl ected anteriorly. 
Root of zygoma, external auditory meatus, and squamous suture are 
confi rmed for orientation of the craniotomy site. The craniotomy is 
made along the squamous suture with 3 burr holes (Fig. 2). The in-
ferior margin is drilled until the bone window is fl ushed to the fl oor 
of the middle fossa.

 2)  Exposure and resection of petrous apex. Dura mater is dissected and 
elevated from the temporal bone, using hooked retractors after drain-
age of cerebrospinal fl uid. Anatomically important points, such as ar-
cuate eminence, petrous ridge, foramen spinosum are confi rmed. The 
middle meningeal artery (MMA) is coagulated and cut. The periosteal 
dura, adhesive to the greater superfi cial petrosal nerve (GSPN), is 
cut to preserve the nerve (Fig. 3A). Epidural venous bleeding around 

sigmoid
sinus

PTP

ATP

Fig. 2. Craniotomy site. ATP Anterior transpetrosal approach, PTP posterior transpetrosal 
approach, with partial mastoidectomy (shaded)
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MMA is controlled by head up position and insertion of surgicel 
balls.

 3)  Lateral margin of the drilling is delineated medial to the GSPN and ar-
cuate eminence. The triangular bone is resected until the posterior fossa 
dura is confi rmed (Fig. 3B). The carotid artery and auditory structures 
are not exposed within the space. Take care not to break dural bulging 
of the internal auditory meatus (IAM) located postero-inferior margin 
of the triangle, and not to resect the bone above the geniculate gangli-
on of the facial nerve, located superfi cially on an extension line of the 
GSPN, to spare injury of the facial nerve. Overdrilling toward clivus 
may injure the abducens nerve in Dorello’s canal.

 4)  Dural incision. Incision of the middle fossa dura is started from 2 cm 
lateral to the superior petrosal sinus (SPS), and extended in T shape 
along the SPS. After incision of the dura on the posterior fossa, the SPS 
is ligated with suture twice and incised. Incision of the tentorium is ex-
tended until the tentorium is cut completely. Take care not to injure the 
trochlear nerve at the tentorial notch. Both sides of the tentorial leaf-
lets are refl ected and retracted with tapered retractor, then the tumor 
and root of the trigeminal nerve are exposed (Fig. 3C). The course of 
the trigeminal nerve varies depending to the tumor origin.

 5)  Opening Meckel’s cave and detachment of feeders from the Orifi ce 
of Meckel’s cave, where the trigeminal nerve enters, is confi rmed and 
incised anteriorly for 1cm along the superior margin of the nerve, then 
the trigeminal nerve can be mobilized. The tumor in Meckel’s cave is 
removed. The main tumor feeders originated from the tentorial artery 
are commonly located medial to the orifi ce of Meckel’s cave. They are 
coagulated after the trigeminal nerve is mobilized inferiorly.

 6)  Removal of the tumor. Internal tumor decompression can be made using 
ultrasonic aspirator, without active bleeding from the tumor. The tumor 
attachment is gradually detached from the duramater. Margin of the tu-
mor is retracted toward the tumor base with a tumor retractor, then the 
cranial nerves and arteries engulfed in the tumor appear in the surgi-
cal fi eld. The tumor retraction makes dissection of cranial nerves and 
vessels easier, by increasing the peritumoral space and decreasing their 
overstretching. Possibility of the retraction technique may be one of the 
advantages of this approach (Fig. 4). Even if the tumor bulk is larger than 
the surgical fi eld, it can be removed safely by this technique.

    The abducens nerve, courses medial to the tumor, must be cared 
and separated from the tumor.

Fig. 3. A Right pyramid is exposed epidurally (cadaver). Greater superfi cial petrosal nerve 
(GSPN) is preserved by periosteal dura remaining on it. Trigeminal nerve is exposed for 
anatomical understanding. B Resection of petrous apex is medial to GSPN and arcuate emi-
nence. C After incision of the dura and tentorium. The basilar trunk is seen. Trigeminal 
nerve can be mobilized by cutting the dura on the cave (dotted)



238

T. KAWASE

    Presence or absence of encased brain stem perforators and tumor 
invasion into the cavernous sinus may infl uence on the tumor radi-
cality. In case of perforator encasement, the tumor surface must be 
remained in 2–3 mm thickness. Amputation of the tentorial leafl ets 
may increase the tumor radicality.

 7)  Closure of the dura is not possible, and CSF leakage is prevented by 
following double barrier technique:

  (a)  A piece of abdominal fat is transplanted on the exposed air cells of 
the pyramid and craniotomy and fi xed with fi brin glue.

  (b)  The fat is wrapped with a pediculed temporalis fascia and the 
fascia is sutured with dura mater. Accumulated subdural air is 
removed to prevent pneumocephalus. The bone fl ap is replaced 
and fi xed with titanium plates. Artifi cial bone is not necessary. A 
subcutaneous drain is inserted. The spinal drain tube is kept for a 
few days for emergency drainage in a case of CSF rhinorrhea.

2.2 Posterior transpetrosal approach

The patient is positioned laterally with the head rotated 20  prone. The upper 
body is elevated 20  to decrease venous congrestion.

 1)  Craniotomy. A U-shaped scalp incision is made around auricule pre-
serving a perocranial fl ap underneath. The craniotomy is made more 
posterior to that of the ATP, and partial mastoidectomy is made by 
drill thereafter until the sigmoid sinus is exposed (Fig. 5).

 2)  Petrosectomy. Mastoid air cells are drilled out until the antrum is 
opened. By further bone resection antero-medially the surgeon will 

Fig. 4. Surgical illustration of right ATP. The tumor feeder (tentorial artery) is cut and trigem-
inal nerve is mobilized from the tumor. The tumor is decompressed and retracted toward 
the tumor attachment
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meet a consistent bone which contains auricular organs, semicircular 
canal and labyrinth. Hearing preservation is depending on the resec-
tion of the organic bone or not. Location of the IAM is suspected 
medial to the anterior semicircular canal. It is safer to open the poste-
rior wall and superior wall second to spare injury to the facial nerve. 
Never open the funds of IAM because the facial nerve courses su-
perfi cially at this point. It is medial to the maleus, and the tympanic 
cavity can be opened to fi nd the maleus.

 3)  Dural incision and tumor exposure. Method of the dural incision is 
similar to that of the ATP. The tentorial incision is made on the IAM, 
after double ligation of the superior petrosal sinus.

    In the vestibular neurinomas, the facial nerve is widened and 
stretched. It commonly course on the anterior surface of the tumor 
being identifi ed by the facila monitoring. In the case of CPA menin-
giomas, it is not rare to preserve hearing, and the auditory monitor-
ing (ABR) should be prepared.

 4)  Closure. Even by using two layers, abdominal fat and pericranial fl ap, 
complete closure of CSF leakage cannot be achieved, and a small piece 
of fat is inserted in the orifi ce of Eustachian tube, located  anterior to 
the maleus.

CONCLUSIONS

By the two types of the transpetrosal approach, petroclival and CPA tumors 
can be removed without over retraction of the cerebellum, brain stem and 

Fig. 5. Surgical illustration of cerebello-pontine angle tumor operated by PTP
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cranial nerves. However, those approaches need precise anatomical knowl-
edge of the temporal bone, and operative training on cadaver is requested to 
the surgeon before operation.

References

 [1] Al-Mefty O, Fox JL, Smith RR (1988) Petrosal approach for petroclival meningi-
omas. Neurosurgery 22: 510-517

 [2] Hakuba A, Nishimura S, Tanaka K, Kishi H, Nakamura T (1977) Clivus meningi-
oma: six cases of total removal. Neurol Med Chir 17: 63-77 (in Japanese)

 [3] Kawase T, Shiobara R, Toya S (1991) Anterior transpetrosal-transtentorial 
 approach for sphenopetro-clival meningiomas: surgical method and results in 10 
patients. Neurosurgery 2: 869-876

 [4] Kawase T, Toya S, Shiobara R, Mine S (1985) Transpetrosal approach for aneu-
rysms of the fl ower basilar artery. J Neurosurg 63: 857-867

 [5] Kawase T, Shiobara R, Ohira T, Kanzaki J, Toya S (1996) Developmental patterns 
and symptoms of petroclival meningiomas. Neurol Med Chir 36: 1-6

 [6] Shiobara R, Ohira T, Kanzaki J, Toya S (1989) A modifi ed extended middle cranial 
fossa approach for acoustic nerve tumors. J Neurosurg 68: 358-365



241

HOW TO PERFORM TRANSPETROSAL APPROACHES

Takeshi Kawase

Takeshi Kawase is Professor and Chairman of the Department of Neurosurgery, School 
of Medicine, Keio University, Tokyo, Japan. He was born in Tokyo in 1944, is married 
and has two sons. 1970, graduate Keio University, Tokyo; 1977, neurosurgical board; 
1978, oriented to cerebrovascular diseases at Mihara Memorial Hospital; 1983, oriented 
to skull base surgery at Keio University; 1990, assistant professor, Keio University; 
1996, professor and chairman, Keio University; 2001–2003, vice president of Keio 
 University Hospital; 2002, chairman of the WFNS Committee of Skull Base Surgery; 
2005, president of the 64th Annual JNS Congress. His hobbies are drawing and outdoor 
sports such as mountaineering, skiing, sailing, driving, and golf.

Contact: Takeshi Kawase, Department of Neurosurgery, School of Medicine, Keio 
University, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan 
E-mail: kawase@sc.itc keio.ac.jp



VASCULAR LESIONS



PRINCIPLES OF MICRONEUROSURGERY 
FOR SAFE AND FAST SURGERY

J. HERNESNIEMI

INTRODUCTION

Microneurosurgical anatomy and principles of microneurosurgery are the 
essence of neurosurgical training. Apart from basic theoretical knowledge, a 
competent neurosurgeon should be trained to be capable of operating in 
small and often narrow and deep gaps. Their aim should be to perform mini-
mally invasive procedures in almost bloodless fi elds. Prof. Yaşargil em-
phasized that profound knowledge of the microneurosurgical anatomy is 
 acquired in cadaveric laboratories, and gentle handling of cerebral arteries 
and veins is acquired by performing microvascular anastomoses in rats and 
mice [11]. Both training facilities could be – admittedly with considerable ef-
fort – installed in many hospitals to support a variety of microsurgeons. 
However, cadaveric dissections may be deemed impossible for cultural, reli-
gious, economical, or other reasons (Fig. 1).

The training of residents is inevitably at odds with the precious opera-
tion room (OR) time better spent by senior neurosurgeons. Some senior 
neurosurgeons may wish to begin the operation, whereas in other practices, 
the residents routinely open under supervision. One learns to play violin 
only by playing. Watching the mentor’s performance helps to create one’s 
own mental framework on what is reasonable in the microneurosurgical 
anatomy of the skull and brain. The more one knows, the more one sees old 
and true wisdom. When one’s own proprioception is forming, exchanging 
ideas and experience with others during training courses and visits is impor-
tant – discussing and observing one’s own videos are fruitful. Scrutinizing 
videos of experienced microsurgeons is extremely helpful; like a present to 
the younger generation [2]. And with recent technological advances it is 
even easier to obtain these multimedia training means online, when one is 
thousands of kilometers away.

This review of the basics is distilled from the Helsinki and Kuopio 
Neurosurgery practices in Finland, as well as from the author’s experience 
of approximately 10,000 operations, and to encourage young neurosur-
geons of the world – most of them working with limited resources – to 
continue to improve their microneurosurgical skills to best serve their 
 patients.

Keywords: microneurosurgery, vascular malformations, aneurysms
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OPERATION ROOM

Professional team work is an essential part of microneurosurgical  operations. 
All the members of the operating team should be well-trained and able to 
work in harmony. The architecture and design of the OR should be based on 
maximum usage of space despite the technical equipment. Real-time images 
from the microscope, endoscope, and operation light camera in properly 
placed monitors allow the staff, residents, medical students, and visitors to 
appreciate the teamwork and follow the steps of the surgery. The atmosphere 
of the OR should support the conduct of the surgery. Traffi c in and out, ir-
relevant talking, and unnecessary noises must be avoided. The neurosurgeons 
in action may prefer minimal talking, just exchanging a few words on the 
anatomy in hand, and encouraging words when diffi culties are anticipated. 
Intraoperative music should suit the entire team (Fig. 2).

In the event of an emergency, such as aneurysm rupture, all action in the 
OR should calm down to support the neurosurgeons.

1. POSITIONING

Positioning is the fi rst, and one of most important, steps in neurosurgical 
operations. Positioning of the patient should be planned by the surgeon, to-
gether with the other members of the team. Creating a comfortable and prac-
tical working positions for the neurosurgeons, anesthesiologist, and scrub 
nurse is of great importance. However, maximal moving ability for the oper-

Fig. 1. A beautiful cadaveric microdissection view from the posterior part of Circle of 
 Willis
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ating neurosurgeon should always be kept in mind. Protection of the eyes, 
nose, ears, skin, extremities, nerves, blood vessels, and airways must be rou-
tine. All pressure areas and vulnerable nerve compression points should be 
protected with cushions and pads. To facilitate venous outfl ow and reduce 
venous blood pressure and, obviously, to prevent venous oozing, the author 
recommends the patient’s head be elevated approximately 20 cm above the 
cardiac level. This principle is valid for most craniotomies, and is an effective 
way to have a clean and bloodless fi eld. Accurately securing the patient’s 
body and head provides the ability to quickly and safely tilt and/or rotate the 
operating table according to the surgeon’s needs. The main principle in posi-
tioning of the head and body is to create a comfortable working angle (usu-
ally downward and somewhat forward) for the neurosurgeon. The head 
should be positioned so that gravitation helps to pull brain tissue away from 
the trajectory.

Positions used routinely in the practice of neurosurgery include supine, 
prone, semi-sitting, sitting, and lateral (park bench). However, these posi-
tions may be tailored and individualized for each patient, and according to 
localization and extent of the lesion and patient’s medical status and general 
condition.

In the park-bench position for lateral posterior supratentorial and in-
fratentorial approaches (used frequently by Dr. Drake), the upper shoulder is 
pulled away with strong adhesives to gain area, and spinal drainage (used 
routinely) helps produce a slack brain.

In the sitting position (e.g., in the supracerebellar infratentorial approach 
to the pineal region), the patient is secured by various cushions, the upper 
body by a vacuum cushion, and two fi ngers should fi t between the manu-
brium and jaw to avoid too much fl exion of the head. To prevent air embo-

Fig. 2. General view of an operation room in the newly renovated operation the atre in 
Helsinki with more than 3000 yearly operations
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lism, the patient should wear a G suit at a pressure of 30–40 cm H2O. Starting 
from the skin incision, all the veins should be coagulated meticulously and 
compression on the neck (jugular compression) may be a good way to dem-
onstrate an open vein. Monitoring of the end-tidal CO2 and Doppler is 
essential.

2. HEAD FIXATION

The patient’s head should be fi xed with three or four pins in a head frame. A 
Sugita head-fi xation device is based on a four-pin fi xation. It has the advan-
tages of good skin and a muscle-fl ap-retraction system, as well as a system for 
brain retractors. This device is preferred in instances when a strong retraction 
of the skin-galea-muscle fl ap is needed or brain retractors are to be used. The 
Mayfi eld-Kees three-pin-head frame is more fl exible with its one additional 
joint. This device is considered in the sitting, park-bench, and prone positions 
when linear skin incisions are used; here, a curved skin retractor is extremely 
useful.

No instruments or retractors should be constantly fi xed immediately 
above the craniotomy, as they may accidentally cause injuries. Pin-fi xation 
sites of the frames, as well as the arch and counter arch of the Sugita frame, 
should allow total access to the operative fi eld and not prevent free move-
ments of the neurosurgeon’s hands, instruments, or the operating microscope. 
The position of the head should not compromise the arterial and  venous fl ow 
in the neck. The head should not be turned too much, the cervical spine not 
positioned in extreme in any direction, and the trachea not overstretched or 
twisted. In temporal, parietal, and lateral occipital approaches, the park-bench 
position helps to avoid compression of the jugular veins. Fixation of the endo-
tracheal tube by adhesives instead of a tape around the neck provides more 
safety during the positioning. After head fi xation, further adjustments of the 
patient’s position should be performed en bloc with the operation table.

3. NEUROSURGEON’S POSITION

After the patient is positioned and head and body fi xed perfectly, the neuro-
surgeon should adjust his/her position continuously. To perform microneuro-
surgical operations in so-called “deep and narrow gaps,” of vital importance is 
to have a good angle of vision. To have the maximum ability of being mobile 
around the operative fi eld, the standing position is preferred by the author in 
majority of operations. The capability to use the mouthpiece effectively to 
focus and move the operation microscope to different directions should al-
ways be emphasized. Lifting or lowering and tilting of the operation table can 
provide further visual access to the operative fi eld (Fig. 3). The neurosurgeon 
also may adjust the height by 3–4 cm by high-heeled clogs (by wearing them 
or not). Platforms are seldom necessary. Sitting might be more comfortable, 
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but reduces mobility. Sitting is preferable in certain instances; e.g., during the 
extracranial-intracranial bypass operations when the operative area is small 
and angle of vision does not have to be changed.

SURGERY

1. NAVIGATION

Preoperative planning and mental conduction of the entire procedure also 
should include ideas on unforeseen fi ndings and occurrences – the art of deal-
ing with them is achieved by experience. Cranial openings should be exactly 
placed and not larger than necessary, but suffi ciently large to not endanger 
the safety of the operation. Neuronavigation is routine in many practices, and 
intraoperative imaging may become so in the future. However, it could be 
helpful to study the neuro-images carefully to identify landmarks such as the 
earlobes, coronal and lambdoid sutures, inion, sylvian fi ssure, central sulcus 
by the inverted omega hand area, confl uens sinuum, straight and transverse 
sinuses, and others. However, neuro-navigators may not be available because 
they are too expensive for the institution. Quite frankly, to know neuro-
anatomy well is by far more important than to own and use a navigator. 
Careful measurements among the landmarks, the lesion and intended trajec-
tory can usually be transferred to the scalp with acceptable accuracy. Many 
approaches, such as the opening to the cerebral aneurysms and most extra-
parenchymal brain tumors, are so dense with anatomical landmarks that no 

Fig. 3. Operating position preferred by the author. Using the mouthpiece to move the 
operating microscope, T-shape forearm support device and simultaneous performance of 
so-called “multifunctional right and left hands of the surgeon” are demonstrated
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neuronavigation is needed, just operative experience. With experience, the 
surgeon can go directly to the cerebral aneurysm without widely opening the 
sylvian fi ssure or other structures [3, 7, 10].

2. CRANIOTOMY

The author’s preference is to shave the scalp minimally and then wash and 
prepare it carefully. To reduce bleeding, infi ltration of the incision line by a 
mixture of local anesthetic and vasoconstrictive agents is recommended. For 
more than 20 years, a single-layer fl ap is considered to be the most appropri-
ate, especially for approaches to frontal and middle cranial fossae. This makes 
the procedure safe and fast, and results in no risks of temporal muscle atro-
phy or injury to the upper branch of the facial nerve. Furthermore, a good 
retraction system, such as Sugita frame fi sh hooks, provides a wide exposure 
of the sylvian fi ssure and skull base without large skull-base resections and, 
simultaneously, controls the scalp and muscle bleedings, which are swiftly 
dealt with by bipolar coagulation [3, 4].

It is possible to perform many craniotomies by only one burr hole and 
then to cut the bone fl ap with a craniotome. However, an additional burr hole 
may be necessary in the elderly in whom the dura can be adherent to the 
bone. A special curved dissector designed by our technician is useful for ad-
equate dissection of dura. Detachment of the major dural sinuses can be 
achieved by placing the burr holes over them rather than laterally.

The author prefers high-speed electric microdrills because they are light, 
easy to use, fast, and safe. High-speed drilling is performed under the operat-
ing microscope. The burr is moved exactly by the right hand – some prefer 
both hands to avoid slipping – while controlled by proprioception, vision, 
and the right foot pedal. This interplay should be trained at cadaveric work. 
Important is to remove all coverings and cottonoids in and around the drill-
ing area, as they can be caught by the drill and damage surrounding structures 
by windmill action. Only diamond-tipped burrs are used near eloquent struc-
tures. A bone-biting ultrasound aspirator is excellent for delicate removal of 
the skull base, and is safer than drilling.

Bleeding from the bone may be a problem while drilling. Drilling with 
diamond burrs without irrigation (hot drilling) controls such bleeding effi -
ciently, but copious irrigation between drillings is necessary to avoid heat 
injury. Injection of fi brin glue or gelatin matrix–thrombin sealant also stops 
oozing. Injection of glue is the best and fastest way to stop some bleedings in 
the skull base or the cavernous sinus.

3. OPERATING MICROSCOPE

Stereoscopic vision, magnifi cation, improved illumination, and count   -
erweighted balance that allows the mouthpiece control constitute the es-
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sential assets of the present operating microscope. The neurosurgeon also 
should be familiar with the common types of mechanical and electrical fail-
ures of his/her preferred microscope. Counter-weighting provides an es-
sentially weightless optic unit of the microscope that can be effortlessly, 
continuously, and quickly moved, adjusted, and focused with the mouth-
piece, as was originally designed by Prof. Yaşargil. Mouthpiece control ef-
fi ciently eliminates interruptions and liberates both hands for continuous 
operative work, which results in smoother conduct of surgery and reduced 
operation time (see Fig. 3). Insulated, electrical-heating cables around the 
oculars prevent fogging of the oculars – a truly helpful device. After re-
moval of the bone fl ap, everything should be performed under the opera-
tion microscope, from the high-speed drilling of the bone to the last stitch 
of the skin. For the residents-in-training, closing the entire craniotomy un-
der the operation microscope is the most effi cient way to become familiar 
with the microscope. Several supporting features can be added to the pres-
ent microscopes such as the image guidance and display over the operative 
fi eld, or the fl uorescence-based angiography and resection control. These 
costly additions, however, also increasingly require special technical skills 
in the OR to adjust and maintain the machinery.

4. MICROSURGICAL INSTRUMENTS

It should be emphasized again that a minimal array of microinstruments may 
reduce the number of instrument changes and operation time (Fig. 4). Some 
microinstruments have a single shaft (e.g., suction, dissectors), and others two 

Fig. 4. Minimal array of microneurosurgical instruments reduces the number of changes 
and operation time
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shafts (bipolar forceps and scissors), and also combined (Perneczky microin-
struments). The bipolar forceps, suction, and dissector are the instruments 
used most frequently by most of the surgeons. The handle is designed to 
provide a steady and balanced grip. The two-shaft instruments, such as bipo-
lar forceps and microscissors, are provided by a defi nite area to hold the in-
struments and control the opening and closure of the tips. The array of 
 microinstruments should allow this hand position by various lengths such as 
very short, medium, long, and very long – more so with the two-shaft instru-
ments. Fingertips should not obstruct the visual working channel. To mini-
mize the fatigue and prevent the physiological tremor of the hands, use 
of mobile, bendable, and adjustable T-shaped forearm support designed by 
Prof. Yaşargil is highly recommended.

The bipolar forceps and suction are the multifunctional right and left 
hands of a right-handed neurosurgeon, respectively. The bipolar forceps can 
be used to dissect arachnoid planes, separate membranes, macerate tumor tis-
sue inside solid tumors for suction, and even sharply cut glioma tissue when 
coagulation is applied. Malis forceps series are preferred by the author. These 
forceps are available in three to four different lengths, with two types of tips: 
sharp for delicate coagulation (Malis 20 or lower); and dissection and blunt 
for most of the work, stronger coagulation, manipulation of tumors, and co-
agulation of the aneurysm wall (Malis 25). Curved or angled-tip forceps are 
of assistance in awkward areas, such as the olfactory groove, or in cutting the 
tentorium or the falx. When coagulating small central nervous system vessels, 
it is important not to pinch them but to apply a delicate open-close and to-
and-fro movement on the vessel trunk. This technique, together with the 
lowest effective coagulation power, copious irrigation, and careful cleaning of 
the tips by the scrub nurse, helps to prevent sticking of the tips. Swabbing the 
tips with glycerol when encountering small vessels in arteriovenous malfor-
mations may be helpful, and what is called “dirty coagulation” by using some 
brain tissue [8].

The suction is used for suction, retraction, and dissection. The distal 
shaft may gently retract the brain, cranial nerves, vessels, and aneurysms 
much more quickly than by adjusting self-retaining retractors. The strength 
of suction is controlled by sliding the thumb over the three holes in the 
handle. Mrs Dianne Yaşargil has introduced a suction tube pinch screw 
controlled by the scrub nurse. The OR staff also should be prepared to 
quickly adjust the strength of suction or run the second suction when 
needed. The suction tube should be of good-quality silicon rubber, light, 
and fl exible so as not to disturb free movement of the left hand. Preferably, 
a set of suctions of three to four different lengths, each with two to three 
diameters, should be used. The tips of the suction should be checked regu-
larly because drilling may cause sharp edges. The author’s usual saying is: 
“irrigation clears not only the operative area but also the operator’s 
mind.”
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5. COTTONOIDS

Cottonoids – or superior future materials – are used to protect the cortex 
and brain tissue, cranial nerves, arteries, and veins, in particular, when suc-
tion is applied. The dura is opened under the operating microscope with a 
cottonoid between the cortex and short scissors. Cottonoids can be used as 
soft expanders of the sylvian fi ssure or the interhemispheric space, or be-
tween the cortex and dura. Small ones serve as dissectors to separate small 
arteries from adjoining structures (e.g., in aneurysm, cavernoma, or menin-
gioma surgery).

During tumor debulking, large ones support the walls of tumor cavity 
while preventing venous oozing by compression. To control bleeding 
from small arteries or veins, a cottonoid is placed over the vessel under the 
suction tip, which clears the fi eld for coagulation by bipolar forceps tips. 
The author prefers those without identifi cation threads, which require 
careful removal before closure. A cottonoid left unnoticed between the 
cortex and dura may cause reactive masses that resemble meningioma in 
neuroimaging.

6. OPENING OF THE ARACHNOID AND BRAIN RETRACTION

Much of microneurosurgical dissection is performed sharply. A circular, 
semi-sharp arachnoid blade, such as that introduced by Prof. Yaşargil, is 
used by many neurosurgeons. In our hands, a pair of short jeweler’s forceps 
has proved to be effi cient in opening the most superfi cial arachnoid mem-
brane around a tumor or over the sylvian fi ssure. Dissection of the arach-
noid cannot be performed without a perfect knowledge of cisternal anatomy 
[11].

Water-jet dissection, as fi rst introduced by Dr. Toth in Budapest [9], is 
less known, but is the most elegant and inexpensive technique in micro-
neurosurgery. First, the arachnoid is penetrated while viewing the venous 
anatomy. Then saline is injected repeatedly into the subarachnoid space of 
the fi ssural anatomy by a hand-held syringe to expand it more widely. Water 
dissection has been used safely and routinely in the opening of the sylvian 
fi ssure and interhemispheric space, as well as in dissection of meningiomas, 
cavernomas, metastases, abscess walls, and large and giant aneurysms in 
thousands of patients.

When the neurosurgeon is well-trained to use the suction and bipolar for-
ceps for gentle retraction of the brain, no other retractors are needed. First, the 
bipolar forceps is retracting for the suction to release cerebrospinal fl uid, and 
then the suction tip is mainly retracting to make space for the bipolar forceps 
and other instruments. In experienced hands, left- and right-hand instruments 
constantly and unconsciously change roles as microretractors, according to 
the demands of the microneurosurgical anatomy in the hand. By changing the 
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retracting force between suction and forceps, one is going step-by-step (crawl-
ing), for example, under the frontal lobe. The bipolar forceps, when opened, 
can be used as a self-retaining retractor on the cortex protected by a cottonoid. 
Notably, the subtemporal approach toward a basilar tip aneurysm, for exam-
ple, cannot be performed without self-retaining retractors and broad Aescu-
lap-type retractors instead of the narrower Sugita-type retractors – the latter 
are preferred in other circumstances [4]. Brain injury caused by any retraction 
depends on the force, area of pressure, and time of exposure.

CONCLUSIONS

While appreciating our own neurosurgical performance, the following ques-
tions may come in mind: Who are the most capable of clipping cerebral artery 
aneurysms of our wives or husbands, or of removing craniopharyngiomas of 
our children?

When unsure, you should go to the place where you want these opera-
tions to be done. Visiting other departments increases the collection of dif-
ferent techniques and tricks. Consider the population size that departments 
serve. Consider also the following questions: What happens in undeveloped 
countries where benign tumors may reach gargantuan sizes before diagno-
sis? What are the standards for outcome and acceptable risks of complica-
tions [5, 6]?

Microneurosurgery is indebted to those who are totally devoted to their 
work, but fi nd time to share their experience with the next generation [1, 11]. 
modern microneurosurgery will increasingly cover huge populations, such 
as the mega-cities of China, and there will be considerable opportunities for 
experience in cases that Western departments encounter only a few times a 
year. A single idea to be adopted in the OR is worthy to bring one out of their 
world-wide, well-known center. Buy a fl ight ticket, west or east, to pick up 
good tricks from other places.
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SURGICAL MANAGEMENT 
OF INTRACRANIAL ANEURYSMS 

OF THE ANTERIOR CIRCULATION
C. RAFTOPOULOS

INTRODUCTION

The international literature reports a prevalence of intracranial aneurysms 
(ICA) of around 1000 per 100,000 persons, with 85% of the ICA located on 
the anterior circulation around the circle of Willis, 45% of which are on the 
anterior communicating artery [3, 25]. The highest incidence of ICA in the 
population is at around 55–60 years of age.

The risk of an ICA rupturing is around 1% per year and so,  ruptured in-
tracranial aneurysms (RIA) have an incidence of around 10 per 100,000 popu-
lation [9, 19]. The rupture rate increases from 0.05 to 10% depending on the 
size of the aneurysm, varies according to the location of the aneurysm with a 
higher risk for locations on the posterior communicating artery and the pos-
terior circulation [25], increases in patients who have a history of smoking 
(relative risk: 1.5), and decreases with the patient’s age. Active smoking seems 
to play even a more important role in the occurrence of RIA with an odds 
ratio of up to 5.0. RIA are 1.6 times more common in women than in men [9]. 
If not occluded, around 15% of these RIA will re-rupture within the fi rst two 
weeks with 4% within the fi rst 24 h leading to the patient’s death in the major-
ity of cases. Therefore, in case of rupture, an ICA should be occluded endo-
vascularly or surgically within 72 h [5]. Despite improvement in all aspects of 
management, an RIA remains a “catastrophic” event with a poor outcome, 
i.e., death or signifi cant neurological defi cit, in about 75% of cases [5].

It is, therefore, important to be aware of the main risk factors for the pres-
ence of an unruptured intracranial aneurysm (UIA) [18]. Risk factors include: 
a positive family history (at least two fi rst-degree relatives with a subarach-
noid hemorrhage [SAH] gives a relative risk of 6.6); alcohol (relative risk of 
300 g/week: 5.6); autosomal dominant polycystic kidney disease (relative risk: 
4.4); hypertension (relative risk: 2.8); and smoking (relative risk: 1.5–5). In 
our unit, we suggest that all patients less than 65 years of age with a family 
history of RIA or autosomal dominant polycystic kidney disease should be 
screened for UIA. The alcoholic risk factor is much more diffi cult to evaluate 
and to apply.

Keywords: aneurysm, anterior circulation, microsurgery, vascular malformation
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The physiopathology behind the formation of an ICA is complex but ap-
pears to be essentially acquired, with genetic and environmental factors [22]. 
ICAs are characterized anatomically by a partial or complete disappearance of 
the middle muscular layer. They often herniate into the subarachnoid spaces so 
that when they rupture they cause a subarachnoid hemorrhage (SAH). Some-
times ICAs are enclosed within the brain and will fi rst be responsible for an 
intraparenchymal hematoma. Hemodynamic stresses play a particular role in 
the formation of ICAs especially at specifi c locations around the circle of 
Willis [22]: the anterior communicating artery accounting for 45% of all ICAs, 
the internal carotid artery 20%, and the middle cerebral artery 20%. ICAs can 
be associated with various diseases affecting tissue elasticity, including auto-
somal dominant polycystic kidney disease, fi bromuscular dysplasia, Ehlers-
Danlos syndrome type IV, and Marfan syndrome. Smoking also appears to be 
related to ICA occurrence and particularly to RIA occurrence in women. This 
associated risk seems to decrease rapidly with smoking cessation [2].

RATIONALE

The history of the treatment of ICA, which now essentially comprises either 
coil embolization or surgical clipping, has been dominated by the work of 
just a few individuals. The major improvement in the surgical treatment of 
ICA came with introduction of the surgical microscope [5]. The fi rst descrip-
tion of a microscope to help neurosurgeons in occluding ICA was made by 
Pool and Colton in 1966, but it was Yaşargil who really developed the tech-
nique providing exhaustive accounts of his experiences in a series of publica-
tions [7, 26–29]. Coil embolization with electrothombosis and coil  electrolytic 
detachment was fi rst reported by Guglielmi in 1991 and represented the 
second revolution [6] in the treatment of ICA but further discussion of this 
technique falls outside the scope of this chapter.

For optimal surgical management of ICA, three areas must be extensively 
studied and mastered. The fi rst area is the surgical anatomy of the intracranial 
vessels and their surroundings, a good knowledge of which is an absolute pre-
requisite for managing ICA. Here, atlases of clinical brain-anatomy and, in 
particular, those written by Yaşargil or Lang focusing on the skull base and its 
related structures, provide a major source of information [8, 27]. The second 
area which must be watched and studied is the international literature focus-
ing on the surgical treatment of ICA, in particular publications dealing with 
the surgical technique of ICA occlusion, wrapping or bypass [4, 7, 12, 21, 28, 
29]. The third area is modern imaging techniques for ICA, in particular 3D 
rotational angiography and an original software with an adapted hardware, 
named Dextroscope (Volumes Interactions, Bracco, Singapore). The Dextro-
scope allows the user to see a 3D virtual reality multimodal head with its in-
tracranial vessels, the brain and the skull base in whatever surgical position the 
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neurosurgeon chooses. This interactive technology enables neurosurgeons to 
perform as many virtual neurosurgical approaches as they want, thus prepar-
ing themselves for the different structures and particular orientation of these 
structures that may be met during the surgical procedure.

A good knowledge of various aspects of vascular-related neurophysiol-
ogy is also required. One of the most important facets is a correct under-
standing of the literature dealing with the brain ischemia process so that the 
key technique of temporary clipping of a parent vessel can be used appro-
priately [12]. The vascular neurosurgeon should also be aware of the neuro-
physiology behind arterial vasomotor function and the infl ammatory 
reaction involved in SAH vasospasm with its highest risk between the 3rd 
and 10th day post-rupture.

DECISION-MAKING

The fi rst step leading to diagnosis of an ICA is often clinical. For UIA, we 
distinguish three types of situation: incidental, symptomatic, or associated 
with a previous RIA. The discovery of incidental ICA is currently made by 
computed tomography (CT) or magnetic resonance (MR) angiography when 
investigating headaches, associated diseases or a positive family history of 
ICA. Symptomatic UIA can be associated either with a mass effect syndrome 
on a second or third cranial nerve or a transient ischemic stroke related to 
emboli originating from within the ICA. These symptoms support treatment 
of the related UIA. For RIA, the main symptom is an explosive – “as never 

Fig. 1. Anterior communicating artery aneurysm showed by a catheter and a 3D angio-
grams. Note that the 3D angiogram shows additional details as the presence of two ecsta-
sies (*)



260

C. RAFTOPOULOS

before” – headache often followed by a meningeal syndrome. When the fi rst 
rupture remains minimal, it can go unrecognized and followed later by a mas-
sive catastrophic hemorrhage. This fi rst minimal hemorrhage is appropriately 
called “warning leak” and must be early recognized [5]. For RIA, we use a 
clinical score, the World Federation of Neurological Surgeons (WFNS) score, 
which is based on the Glasgow Coma Scale score (Fig. 1).

When a SAH is suspected, a CT scan should be performed fi rst and two 
features evaluated. The fi rst feature is the quantity of blood in the subarach-
noid spaces, associated or not with blood in the ventricular system or in the 
brain itself. The quantity of blood is scored according to the Fisher scale: 
Grade I, no blood; grade II, blood in the subarachnoid spaces with a thick-
ness of less than 1 mm; grade III, blood thickness equal to or greater than 
1 mm; grade IV, intraparenchymal clot or intraventricular clot without or 
with little blood in the subarachnoid spaces. The presence of blood in the 
lateral ventricles represents an additional risk for developing vasospasm with 
cerebral ischemia (odds ratio: 4.1). The second feature which must be evalu-
ated is the presence of acute hydrocephalus which can be subtle in the fi rst 
few hours and occurs in about 20% of RIA. Late identifi cation of this com-
plication can be fatal.

The next step in a patient with a SAH is to assess the underlying cause 
using one of the following three techniques: CT angiography, MRI angiogra-
phy, or the gold standard, catheter angiography. Currently, all our patients 
undergo at least catheter angiography with 3D rotational angiography 
(Fig. 1), the results of which are introduced into the Dextroscope to give the 
neurosurgeon a 3D view of the aneurysm from different possible surgical 
positions. Preoperative assessment is based on clinical staging using the 
WFNS scale (Fig. 2) after a period of clinical stabilization, in particular after 
placement of ventricular drainage in cases of acute hydrocephalus.

WFNS
score

1

2

3

4

5

3 4 5 6 7 8 9 10 11 12 13 14 15
GCS

Fig. 2. World Federation of Neurosurgical Societies (WFNS) score for subarachnoid hemor-
rhage (SAH). This score is based on the Glasgow Coma Scale (GCS, 15 to 3). There are 5 pos-
sible WFNS scores, fi ve being the worst. The WFNS score is 3 when there is a motor defi cit
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In the 21st century, all ICAs should be managed in centers with a multi-
disciplinary team, including at least an interventional radiologist and a vas-
cular neurosurgeon. For UIA, we inform the patient about the controversy 
surrounding whether or not to treat such aneurysms, particularly those 
smaller than 7 mm [1, 10, 24]. However, in my group, we recommend treat-
ment in all patients less than 65 years of age or if there is an associated risk, 
such as a previous RIA, a family history, or an associated disease, such as 
autosomal polycystic kidney disease. For RIA, we nearly always recom-
mend immediate treatment at least by coil embolization to occlude the aneu-
rysm fundus. The treatment we recommend follows the following algorithm: 
coil embolization is considered fi rst for all ICAs not associated with an in-
traparenchymal hematoma and with a fundus-neck (F/N) ratio equal to or 
greater than 2.5 (Fig. 3) or located on the posterior circulation or for a  patient 
with a poor WFNS score of 4 or 5. If there is an intraparenchymal hematoma 
or if the endovascular approach is deemed too diffi cult by the interventional 
radiologist (tortuous vessels, atheromatosis or fi bromuscular dysplasia), if 
the aneurysm neck is 4 mm or more and not controllable by a stent, or if the 
F/N ratio is <2.5 for an anterior circulation aneurysm, surgical clipping is 
recommended. In patients with poor aneurysm geometry for embolization, 
especially in those with a poor clinical state (WFNS 4 or 5), we recommend 
at least a partial endovascular occlusion, followed by surgical clipping if nec-
essary when the patient has recovered. Clip placement is also recommended 
where embolization has resulted in incomplete occlusion with increasing 
size of residual aneurysm six months or more after the endovascular proce-
dure [17]. The residual aneurysm must be large enough to allow the place-
ment of a clip.

SURGERY

1. PREOPERATIVE CARE

The day before surgery, all patients have three shampoos with a 7.5% iodine 
solution, receive a laxative and start to wear Kendall socks (Tyco Healthcare 
Group). To reduce the risk of developing vasospasm, patients with SAH are 

F

N

1 2 3
Fig. 3. Fundus-to-neck (F/N/) ratio. Coil embolization is recommended for case 3 with a 
F/N  2.5. Surgical clipping is recommended for cases 1 and 2
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given nimodipine, a dihydropyridine calcium channel blocker, orally, if nec-
essary through a nasogastric tube.

2. PROCEDURE

Our equipment for surgical clipping is essentially composed of a balanced 
microscope (OPMI Pentero, Zeiss), a high speed drill motor with curved 
tubes (Midas Rex, Medtronic), bipolar forceps with integrated water irriga-
tion (Codman, Johnson and Johnson), Rhoton micro-instruments (Aescu-
lap), and Perneczky clips, made initially by von Zeppelin and now by Adeor 
(Adeor Medical Technologies) [13]. The revolutionary design of these clips 
with the forceps passing inside the clip’s posterior branches allows the sur-
geon to have a much better view of the aneurysm morphology and its 
surroundings and improved possibilities of using temporary clips and of re-
moving the clips to relocate them in a better position.

For brain protection during surgery, all patients are kept normotensive, 
mildly hypothermic (32–33°C) and with a burst-suppression EEG. In a RIA, 
we also ask for cerebro-spinal fl uid lumbar drainage and perfusion of an os-
motic agent before opening the dura mater.

The majority of ICA of the anterior circulation are accessed by a pteri-
onal approach avoiding the fronto-temporal branch of the facial nerve [29]. 
The skull opening of 4–5 cm in diameter is perfectly centered on the sphenoid 
ridge for middle cerebral artery or internal carotid artery aneurysms. In ante-
rior communicating artery aneurysms, the bone fl ap is extended slightly onto 
the frontal area just above the frontal crest. Using this approach, it is essential 
that the lateral part of the sphenoid ridge is completely removed to minimize 
brain retraction.

Once the dura mater is opened, we protect the cortex around the lateral 
fi ssure with an oxidized cellulose hemostat, such as Surgicel (Ethicon, 
Johnson and Johnson), and cottonoids and open the later al fi ssure using a sur-
gical blade to access the subarachnoid spaces. We then progress inside the lat-
eral fi ssure separating the frontal lobe from the temporal lobe using forceps 
and micro-scissors to cut the arachnoid adhesions. A maximum of these arach-
noid adhesions must be cut to allow gentle minimal retraction of the frontal 
and temporal lobes without impeding the brain microcirculation. Perfect he-
mostasis, in particular of venous origin, must be achieved and maintained.

Once the dissection approaches the ICA, the neurosurgeon will deter-
mine, depending on various factors, including experience, the type of ICA, 
and the existence of a SAH, whether or not to temporarily occlude the parent 
vessel(s). Our protocol for temporary occlusion is the following: less than 
10 min for patients in mild hypothermia and with burst-suppression EEG; if 
any additional temporary occlusion is required, we always use a reperfusion 
period of at least 5 min between two temporary arterial occlusions of less than 
10 min [14–17]. So far, using that protocol, no patient developed any perma-
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nent defi cit related to parent vessel temporary occlusion. In presence of an 
ICA impacted into the brain, we perform a delicate subpial dissection most of 
the time under temporary occlusion. To facilitate clip placement, we fre-
quently reshape the aneurysm and its neck by using mild electrocoagulation, 
always under temporary parent vessel occlusion to avoid aneurysm rupture. 
Once the aneurysm neck is perfectly visible and separated from all surround-
ing vessels, the most suitable Perneczky clip is chosen.

In unclippable aneurysms, such as, for example, blister aneurysms, we try 
to use a wrap-clip technique consisting of a piece of knitted fabric (knitted 
polyester with bovine collagen, Hemashield, Boston Scientifi c, USA) wrapped 
around the aneurysm and its parent vessel and fi xed tightly using a clip. If this 
technique is not possible because of efferent vessels or the depth of the oper-
ating fi eld, we then use small elongated pieces of cotton placed around the 
aneurysm and the parent vessel. This last procedure should only be used in 
exceptional circumstances due to its undemonstrated effi cacy.

Once the clip is placed on the aneurysm’s neck, we check that no small ves-
sels are compromised by the clip, that the aneurysm is completely occluded, 
and, fi nally, that the parent vessel retains a normal diameter. For this check, a 
small Zini mirror is sometimes used which allows the neurosurgeon to examine 
hidden aspects of the aneurysm’s neck. For ICA with a large neck, for large or 
giant ICA, and for ICA located in the paraclinoid area, somatosensory evoked 
potentials are used [17]. Stable somatosensory evoked potentials for more than 
10 min are always used to check the adequate vascularization of the explored 
area. So far, we have never used intraoperatively Doppler, catheter angiography 
or indocyanine green video angiography.

In patients with an SAH, we remove as much blood as possible. To wash 
the subarachnoid spaces at the end of surgery we use at least one liter of 
physiologic solution. For about 10 years from 1996, we administered 2 mg 
tissue plasminogen activator (tPA) through a lumbar intrathecal catheter ev-
ery 12 h, for a maximum of 4 days, and 4 mg into the peri-aneurysmal area just 
before wound closure. tPA was used only if there was no intraparenchymal 
hematoma or another unsecured UIA. Unfortunately, the price of this drug 
and the lack of incontrovertible data to support its use in such conditions led 
us to abandon it even though our positive experience favored another ran-
domized controlled study.

Closure is an essential aspect of surgery, particularly from an  esthetic 
point of view. Particular attention is taken to perfectly fi xed the bone fl ap 
and to replace all the bone that has been removed with a methyl-methacry-
late cement and to perform a perfect muscle reinsertion.

3. POSTOPERATIVE CARE

The postoperative care period is dominated by maintaining a normal circulat-
ing blood volume with a normal arterial blood pressure and by monitoring 
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for potential complications, such as vasospasm or chronic hydrocephalus. If 
the patient is receiving nimodipine, this can induce hypotension which must 
be corrected immediately. In the presence of clinical vasospasm confi rmed by 
Doppler (positive predictive value: 63%) or perfusion CT with CT angiogra-
phy (positive predictive value: 90%), triple-H therapy is implemented. If the 
clinical signs do not resolve with treatment, catheter angiography should be 
performed, followed by angioplasty if possible and by injection of papaverine 
when necessary.

In case of chronic hydrocephalus, we fi rst try to control it by performing 
three lumbar punctures on consecutive days, removing 40 ml of cerebrospinal 
fl uid each time. If this treatment is not suffi cient, we place a ventriculo-peri-
toneal drainage under neuronavigation.

4. RESULTS

The short-term results after surgical clipping of ICA are summarized in 
Fig. 5. Regarding UIA, we have just reported our experience (two centers: 
St-Luc, Brussels and Bicètre, Paris) with 238 UIA in 176 patients (only one 
on the posterior circulation): all patients in this group achieved a good Glas-
gow Outcome Score (grade IV or V, Fig. 4) with only 1.7% having slight 
permanent morbidity and no mortalities. When considering permanent 
morbidity, Solomon reported a rate of 0% for small aneurysms and of 6% 
for large ones [20]. In our series, 25% of the 238 UIA were large or giant 
and their surgical treatment was not associated with permanent morbidity. 
For RIA, we published a preliminary personal series in 2000 of 26 consecu-
tive RIA deemed not accessible to coil embolization: in 81% of the cases a 
good GOS was achieved and in 89% there was complete aneurysm occlu-
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5 – N
4 – Independent
3 – Dependent
2 – Veg/Sev handicaped
1 – Dead

Fig. 4. Glasgow Outcome Scale. Outcome scale with fi ve scores. A score of fi ve corresponds 
to a normal clinical status. Score of two corresponds to severe (sev) handicap or a vegeta-
tive state
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sion [16]. This series has now expanded to include 141 RIA deemed not 
accessible to an endovascular procedure and thus surgically more diffi cult; 
our results (two neurosurgeons) show a good GOS in 74.5% with aneu-
rysm complete occlusion in 90.8% and near complete occlusion in 6.3% 
(Fig. 5). We stress that the rate of good outcome for patients with a good 
pre-operative clinical grade (WFNS 1-3) was even better at 88%. In 2005, 
the International Subarachnoid Aneurysm Trial (ISAT) reported on the sur-
gical treatment of 1555 RIA with 69% good GOS and a lower rate of com-
plete aneurysm occlusion of 82% [11].

Considering the long-term results obtained with surgical clipping of 
ICA (Fig. 6), in 2001, Tsutsumi et al. reported on 112 clipped ICAs with a 

Fig. 5. Short-term results after surgical clipping. a 238 unruptured intracranial aneurysms 
(UIA) in 176 patients as reported by Aghakhani et al. in 2008. b Number of ruptured in-
tracranial aneurysms (RIA) clipped between 1996 and 2007 in St-Luc University Hospital 
Brussels by myself or my senior collaborator, Dr G. Vaz. c Number of RIA surgically clipped 
and reported by the International Subarachnoid Trial (ISAT) in 2005. Good GOS: Glasgow 
Outcome Scale score of 5 or 4. CO Complete occlusion. Near CO Nearly complete occlusion, 
i.e., residue less than or equal to 5% of the initial aneurysm volume
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Fig. 6. Long-term results after surgical clipping. Percentage of aneurysm regrowth at a 
mean interval of 9 years after surgery. In a series of 112 patients with a clipped aneurysm, 
the rate of regrowth depends on the quality of clipping occlusion. In complete occlusion 
(CO), the rate of regrowth was 2.4%. In nearly complete occlusion (NCO), the rate of re-
growth was 7.1%
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Tsutsumi et al. (2001)
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mean interval from surgery of nine years. These authors observed a 2.4% 
rate of regrowth for completely occluded ICA, 7.1% regrowth for nearly 
completely occluded ICA, and 8% de novo ICA [23].

HOW TO AVOID COMPLICATIONS

The best way to avoid complications in the surgical treatment of ICA 
is fi rst to acquire enough experience in brain surgery and particularly 
in vascular neurosurgery. In the 21st century, surgical ICA should only 
be treated by brain neurosurgeons with enough experience in vascular 
neurosurgery. The second essential requirement is the existence of a 
multidisciplinary group comprising an (preferably two) interventional 
radiologist(s) and a (preferably two) vascular neurosurgeon(s). Neuro-an-
esthesiologists, critical care physicians and nurses specially trained
in the management of this very challenging pathology should also be 
involved.

CONCLUSIONS

In 2008, we believe that surgical clipping remains the gold standard 
treatment for ICA of the anterior circulation with a F/N ratio <2.5, espe-
cially in young patients without SAH or with a good preoperative clinical 
grade.
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 INTRACRANIAL ANEURYSMS 
IN THE POSTERIOR CIRCULATION

K. LINDSAY

INTRODUCTION

Aneurysms of the posterior circulation have always proved a challenge to the 
neurosurgeon. In 1948, Schwartz reported a successful trapping of a large basilar 
artery aneurysm, but Drake, in 1961 was the fi rst to report direct surgical repair 
of a ruptured basilar aneurysm in 4 patients [6]. He concluded that “direct surgi-
cal attack was feasible and worthwhile under exceptional circumstances, when 
life was threatened by repeated haemorrhages”. With the introduction of the 
operating microscope, improved micro-instruments and clips and advances in 
neuro intensive care, surgical repair of such aneurysms became the accepted 
norm, but outcome fi gures for repair if basilar tip and trunk aneurysms were 
always worse than for repair of aneurysms in the anterior circulation. As a re-
sult, with the introduction of coil embolisation in the 90s, early series of endo-
vascular treatment always included a high proportion of posterior circulation 
aneurysms. In many centres (including Glasgow) an endovascular approach has 
become the fi rst line of treatment for such aneurysms and standard coiling has 
been supplemented by the possibility of balloon remodelling or stenting. 
Despite this management approach, a proportion of the patients still require 
direct surgical repair due to technical failure or repeated coil impactions.

RATIONALE

The International Study of Unruptured Intracranial Aneurysms (ISUIA) 
found that posterior circulation aneurysms are more likely to rupture than 
those in the anterior circulation [11]. Over a fi ve year period, aneurysms over 
6 mm diameter carry at least a 15% risk of  rupture. This compares to 2.6% for 
those in the anterior circulation.

If rupture occurs, the chance of sudden death from a ruptured posterior 
circulation is double that of anterior circulation aneurysms and a smaller 
 proportion of patients reach a neurosurgical unit. A community-based study 
reported that posterior circulation aneurysms constitute 18% of all docu-

Keywords: aneurysms, posterior circulation, vascular malformations, micro-
surgery
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mented ruptured aneurysms, whereas in hospital based studies the instance of 
posterior circulation aneurysms varies from about 5 to 10% [9].

The goal of aneurysm repair, whether for ruptured or for unruptured 
aneurysms is to obliterate the aneurysm fundus and to preserve fl ow in ad-
jacent vessels. For posterior circulation aneurysms, particularly those 
around the basilar tip, preservation of the thalamo-mesencephalic perfora-
tors is crucial.

DECISION-MAKING

A wide variety of operative approaches exist and the surgeon must select 
the most appropriate for the aneurysm site and size. An angiogram com-
bined with bone imaging reveals important anatomical features, of value not 
only in determining the optimal approach but also in indicating the opera-
tive risks. Note the height of the aneurysm neck in relation to the posterior 
clinoids and the size and direction of the aneurysm fundus. Rotation of a 
3-D digital or CT angiographic image provides an ideal method of assessing 
the width of the aneurysm neck and the optimal direction of clip applica-
tion. Selection of approach also depends on the preference and individual 
experience of the surgeon.

In considering the optimal approach it is convenient to subdivide poste-
rior circulation aneurysms into three sites (Fig. 1).

Fig. 1. Sites of posterior circulation aneurysms: three levels for operative approach
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1.  UPPER BASILAR/SUPERIOR CEREBELLAR/POSTERIOR 
CEREBRAL ARTERIES

1.1 Basilar bifurcation aneurysms

Operative repair at this site risks damage to perforators supplying the mid-
brain and thalamus.  These arise from P1, a few millimetres from the bifurca-
tion but some may arise directly from the basilar artery and adhere to the 
posterior surface of the fundus.

The subtemporal approach described by Drake [7] is particularly suited 
for posteriorly projecting or low lying basilar bifurcation aneurysms 
(Fig. 2). Posteriorly projecting aneurysms carry a greater risk of operative 
complications because of the direct relationship with the perforating ves-
sels; for these aneurysms a subtemporal approach improves visualisation 
and provides the safest approach. The wider the aneurysm neck, the greater 
the need to clip the aneurysm parallel to the plane of the adjacent vessels, 
particularly if the neck engulfs part of the posterior cerebral artery. This is 
only feasible with the subtemporal approach. Note the height of the neck in 
relation to the posterior clinoid. The higher the basilar bifurcation, the 
greater the amount of temporal lobe retraction required if the subtemporal 
approach is used.

The transsylvian pterional approach favoured by Yaşargil et al. [12] re-
duces such retraction, but access may still be diffi cult for aneurysms lying 
>10 mm above the posterior clinoids particularly if the internal carotid artery 
is also short (<10 mm) (Fig. 2). In such instances removal of the zygoma with 

Fig. 2. Approaches to basilar bifurcation aneurysms (Adapted from Lindsay and Bone. 
Neurology and Neurosurgery Illustrated, 4th edn. Churchill Livingstone)
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or without the lateral orbital margin may permit a steeper trajectory with less 
retraction. The transsylvian pterional approach also provides good exposure 
of both posterior cerebral vessels, but has the disadvantage of preventing di-
rect visualisation of the perforators lying behind the aneurysm fundus. This 
route has the added advantage of permitting clipping of any anterior circula-
tion aneurysms on the same side, but aneurysms arising at either the posterior 
communicating or anterior choroidal origins may hinder access to the basilar 
bifurcation.

The temporo-polar approach or “half and half” approach combines both 
routes. By changing the direction of temporal lobe retraction, the surgeon 
can approach from a more anterior or lateral direction as required (Fig. 2). 
Aneurysms lying below the posterior clinoids preclude a transsylvian pte-
rional approach, unless this is combined with the trans-cavernous route 
described by Dolenc et al. [5]. Day et al. described an extradural trans-cavern-
ous approach after removing the zygoma with or without the orbital rim 
[4]. This  extradural technique preserves the temporal tip bridging veins and 
permits temporo-polar access to basilar apex aneurysms lying below the level 
of the posterior clinoids. The author has always favoured the subtemporal 
approach for  low-lying aneurysms, believing this to be a simpler technique 
and allowing transtentorial extension if required (see below).

Basilar bifurcation aneurysms lying >10 mm below the posterior clinoids 
may require one of the approaches detailed in the next section.

Procedure selection for basilar bifurcation aneurysms
Favouring subtemporal approach:

Fundus pointing posteriorly• 
Low basilar bifurcation• 
Wide neck• 
Large right post. com. artery/ant. choroidal aneurysm• 

Favouring transsylvian pterional approach:

High basilar bifurcation• 
Narrow neck• 
Other anterior circulation aneurysms on side of approach• 

1.2 Superior cerebellar aneurysms

These aneurysms usually project laterally and any of the above approaches 
apply. The subtemporal route demands an approach from the same side as the 
aneurysm, whereas the transsylvian route permits clipping of aneurysms on 
either side. With these aneurysms, perforators are less likely to involve the 
neck or the fundus, but the 3rd nerve is often closely adherent and must be 
dissected off the neck before clipping.
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1.3 Posterior cerebral artery aneurysms

Aneurysms arising anterior to the midbrain (on either P1 or P2) can be 
 approached either via the subtemporal, the trans-sylvian pterional or the tem-
poro-polar route. Those lying in the ambient cistern arising from the P2 seg-
ment require a subtemporal approach. For aneurysms arising from the most 
distal P3 segment either an occipital interhemispheric approach or a posterior 
subtemporal approach will suffi ce. Occlusion of the distal posterior cerebral 
artery beyond the origin of the midbrain perforators or of the posterior chor-
oidal artery seldom causes a permanent visual defect.

2.  BASILAR TRUNK/VERTEBRO-BASILAR JUNCTION/LOW LYING 
BASILAR BIFURCATION

As with bifurcation aneurysms, the most important feature is the height of the 
aneurysm neck in relation to the posterior clinoid process and the clivus as seen 
on the lateral angiographic views.

The subtemporal transtentorial approach described by Drake [6] permits 
access to aneurysms extending down to 25 mm below the posterior clinoid 
process – in some as low as the vertebrobasilar junction (Fig. 3). Aziz et al. 
noted the variation in height of the posterior clinoids and suggested that the 
fl oor of the sella turcica  provided a more accurate guide [2]. These authors 
recommended that  approaches from above permitted access no lower than 

Fig. 3. Diagrammatic view of approaches to the basilar trunk, vertebro-basilar junction 
and vertebral artery (tentorium cerebelli omitted)
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18 mm from the sellar fl oor. This may or may not include aneurysms of the 
vertebrobasilar junction since this varies considerably from one patient  
to another. Kawase et al. described an extradural transpetrosal  approach 
where the petrous edge is drilled off between the internal auditory meatus 
inferiorly, the cochlea postero-laterally and the trigeminal ganglion anteri-
orly, however the narrow bony opening restricts the operative fi eld (Fig. 3, 
light grey arrow) [8]. The same technique can also be adopted during an in-
tradural transtentorial approach if a more anterior trajectory is required.

Alternatively aneurysms at the vertebrobasilar junction and on the basilar 
trunk can be approached from below. The standard lateral suboccipital route 
would require considerable cerebellar and brainstem retraction to reach the 
midline and seldom affords suffi cient exposure,  particularly for large aneu-
rysms. A combined supra-infratentorial (petrosal) approach provides a wide 
view of the basilar trunk and vertebrobasilar junction. This combined ap-
proach minimises the extent of pontine and cerebellar retraction and shortens 
the distance to the aneurysm.

The transclival approach either through a transfacial route or a transoral 
route avoids brain stem and cranial nerve retraction (Fig. 3). However such tech-
niques present signifi cant hazards – the operative corridor is long and narrow 
and the lateral exposure usually extends only 5 mm from the midline. Anteriorly 
pointing aneurysms could rupture when opening the dura and the problems of 
postoperative CSF leaks persist despite the availability of  modern tissue glues.

The selected approach often depends on the surgeon’s preference, but 
careful pre-operative angiographic assessment is required.  Carefully deter-
mine the relationship of the aneurysm neck to the midline. Ectatic vessels 
may result in considerable deviation. Note the size of the neck and direction 
of the fundus and try to envisage the probable direction of clip application 
before deciding on the  approach.

Procedure selection for basilar trunk/vertebro-basilar junction
Favouring subtemporal transtentorial approach:

Aneurysms <18 mm below sellar fl oor• 
Low lying basilar bifurcation aneurysms• 
Small/medium sized basilar trunk aneurysms• 

Favouring combined supra-infratentorial (petrosal) approach:

Large aneurysms of basilar trunk or vertebro-basilar junction• 
Midline aneurysms lying >18 mm below sellar fl oor• 

Favouring lateral suboccipital (or transcondylar) approach:

Small aneurysms of basilar trunk or vertebro-basilar junction• 
Aneurysms lying >18 mm below sellar fl oor• 
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Anteriorly arising/tentorial origin of a dominant vein of  Labbé on • 
side of approach

3. VERTEBRAL ARTERY

Most vertebral aneurysms arise at the origin of the posterior inferior cere-
bellar artery (PICA), but the height of this origin is variable ranging from 
the level of the foramen magnum to the vertebro-basilar junction. Rarely 
aneurysms lie extracranially – arising at the level of the anterior spinal ar-
tery or from a very low PICA origin. The height of the aneurysm to the 
midline should be determined from the lateral view of the angiogram and 
the distance from the midline from the AP/Towne’s view. The standard lat-
eral suboccipital approach usually provides suffi cient access for most of 
these aneurysms, but for those lying more medially and nearer the vertebro-
basilar junction a far lateral transcondylar approach may be required. This 
route improves access to the hyoglossal and jugular region and by creating 
a more caudal to rostral trajectory, provides a shorter route to the midline 
(Fig. 3).

SURGERY

1. OPERATIVE TECHNIQUE

1.1 Subtemporal approach

The patient is placed in the lateral position with the head slightly elevated 
and held horizontal in 3-pin fi xation. A linear or curvilinear  incision ex-
tends upwards from 1 cm anterior to the tragus. A 4 cm diameter bone fl ap 
is centred in line with the temporo-zygomatic junction, the surface land-
mark of the basilar artery. CSF drainage and mannitol aid retraction of the 
temporal lobe, but care is required to avoid damaging bridging veins, in 
particular the vein of Labbé. Access requires about one fi nger’s breadth be-
tween the brain and the bone edge. Retraction of the retractor tip continues 
until the tentorial edge is identifi ed. If venous bleeding occurs, temporarily 
ease retraction and if necessary, place some surgicel over the site of bleed-
ing. Stitching back the edge of the tentorium (avoiding damage to the 4th 
nerve which runs just under the tentorial edge) improves access to the in-
terpeduncular fossa. Look for the 3rd nerve lying under the arachnoid 
and open the double layer of arachnoid between this and the 4th nerve 
(Fig. 4A). Following the superior cerebellar artery medially leads to the 
basilar artery, the bifurcation and posterior cerebral vessels (Fig. 4B). 
Usually the 3rd nerve is retracted  superiorly, but when the bifurcation lies 
above the level of the posterior clinoid it may be necessary to open the 
arachnoid above the nerve. Before  clipping, it is important to identify the 



278

K. LINDSAY

A

B

C

Fig. 4. Subtemporal approach to basilar bifurcation aneurysm

left posterior cerebral artery and the thalamo-mesencephalic perforators 
arising from P1 and from the posterior surface of the basilar artery and to 
separate these from the aneurysm neck and fundus. The disadvantage of the 
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subtemporal approach is the diffi culty in visualising P1 and the associated 
perforators on the left side, particularly with large aneurysms. Changing 
the microscope angle, working in front of the aneurysm and if necessary 
compressing the fundus, help the surgeon identify these vessels. Applica-
tion of a temporary clip makes manipulation of the aneurysm sac safer and 
easier. Anteriorly projecting aneurysms tend to lie free from perforators 
and carry least risk during clipping. Superiorly and posteriorly projecting 
aneurysms usually require a fenestrated clip to encircle the right posterior 
cerebral artery and occasionally the 3rd nerve (Fig. 4C). The clip length 
should only extend to the distal edge of the neck, otherwise it may occlude 
perforators arising from the left P1. Again a temporary clip reduces the in-
traluminal pressure and the chance of the clip slipping down on to the bi-
furcation. If this occurs place a second clip above the fi rst and then remove 
the fi rst. Large aneurysms may require several clips to prevent the fundus 
refi lling. After clipping it is essential to re-inspect the vessels on each side 
and ensure that none are included in the clip. When the basilar bifurcation 
lies below the level of the posterior clinoids, proximal control may be hard-
er to achieve with temporary clips. Preoperative insertion of an infl atable 
balloon into the basilar artery provides an alternative method of temporary 
basilar occlusion.

1.2 Transsylvian pterional approach

First described by Yaşargil et al. [12]. The patient is positioned with the 
head in 3-pin fi xation, slightly elevated and rotated at about 45°. Through 
a pterional craniotomy, the arachnoid overlying the optic nerve and 
Sylvian fi ssure is widely opened. By retracting the frontal lobe, internal 
carotid artery and middle cerebral vessels medially and the temporal lobe 
laterally, and following the posterior communicating artery posteriorly 
back to its junction with the posterior cerebral artery, the basilar artery 
and bifurcation is approached from an antero/lateral direction. In most in-
stances the route extends between the internal carotid/middle cerebral ar-
teries and the 3rd nerve. Thereafter  dissection continues either lateral to 
the posterior communicating artery or  medially between the branches of 
its perforators. Dividing the posterior communicating artery between liga 
clips may improve access; this carries little risk provided that this vessel is 
not the dominant source of fi lling of the right posterior cerebral artery. 
Yaşargil et al. originally described the option of a route between the optic 
nerve and the carotid artery, but this is rarely required. The advantage of 
this antero-lateral approach is the ease of identifi cation of the left posterior 
cerebral artery. Perforators can be separated easily from the neck of small 
aneurysms before safely clipping the neck, but for larger aneurysms, re-
traction of the fundus may be required to identify perforators running 
from the posterior surface of the basilar artery. From this route, basilar 
aneurysms are normally clipped across the plane of the vessels without the 
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need of a fenestrated clip. As with the subtemporal approach temporary 
clipping can minimise dissection risks and reduce intraluminal pressure be-
fore clip application.

1.3 Subtemporal transtentorial approach

Position the patient as for a standard subtemporal approach. The temporal 
craniotomy is sited more posteriorly, centred above the mastoid. Consider-
able caution is required during retraction to avoid damaging the vein of 
 Labbé. The tentorial edge is exposed and the tentorial layers are diatherm-
ied and divided parallel to the petrous ridge from near the junction of the 
petrosal and transverse sinus to the tentorial hiatus, to a point behind the 
dural entry of the 4th nerve. By stitching back the tentorial edge, the sur-
geon looks down the medial wall of the petrous bone. Aneurysms lying 
up to 20 mm below the posterior clinoids can be approached on the medial 
side of the trigeminal nerve (Fig. 3 black arrow); those lying more than 
20 mm below require an approach lateral to the trigeminal nerve (Fig. 3, 
white striped arrow). Retraction of both the nerve and the pons may help 
identify the aneurysm neck. Rather than using a temporary clip, control 
may be achieved by inserting an indwelling non-detachable balloon catheter 
pre-operatively. If possible the aneurysm should be clipped in the plane of 
the vessels.

1.4 Combined supra-infratentorial (petrosal) approach

As described in detail by Al-Mefty et al., the patient is positioned in the 
lateral position with the head held horizontal in 3-pin fi xation. In addition 
to a large temporo-occipital bone fl ap, a mastoidectomy permits a presig-
moid retrolabyrinthine route to the posterior fossa [1, 3]. The temporal 
dura is opened and the superior petrosal sinus divided between clips just 
before its junction with the transverse sinus (Fig. 3). The dural opening is 
extended in front of the sigmoid sinus opening into the posterior fossa. 
Dividing the tentorium alongside the petrous ridge as described above and 
retracting the sigmoid sinus and cerebellum posteriorly and the temporal 
lobe superiorly, provides an extensive exposure. The 5th, 6th, 7th and 8th 
cranial nerves lie between the surgeon and the basilar artery/vertebro-basi-
lar junction; all are at risk of damage during aneurysm dissection and 
clipping.

1.5 Lateral suboccipital approach

The patient is positioned semi-prone (or lateral), with the head held in 3-pin 
fi xation and square to the shoulders and the chin tucked in to tighten the 
nuchal ligament. Through a paramedian excision the occiput and the atlas are 
exposed. The craniectomy extends from the midline to the edge of the trans-
verse/sigmoid sinus and includes a rim of foramen magnum. For low-lying 
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aneurysms, to gain proximal control, the vertebral artery can be exposed 
extracranially in the  sulcus arteriosis as it crosses the arch of C1, before pen-
etrating the dura. On opening the dura, the cerebellar tonsil is retracted me-
dially to expose the vertebral artery, bridged by the lower cranial nerves. 
After opening the arachnoid layer and taking care to minimise any retraction 
of the nerves, the vertebral artery is followed rostrally until the origin of the 
PICA. Alternatively PICA may be easily  identifi ed running around and un-
der the tonsil and this can be followed down to its origin and the aneurysm. 
Large aneurysms, or aneurysms lying near the vertebrobasilar junction may 
require the additional access gained by extending the bone removal as de-
scribed below.

1.6 Far lateral transcondylar approach

The craniectomy is extended laterally using a high speed drill around the rim 
of the foramen magnum, deroofi ng the sigmoid sinus and jugular bulb, and 
 removing up to a third or even a half of the occipital condyle (Fig. 3). After 
opening the dura, division of the dentate ligament may improve exposure of 
a laterally situated aneurysm. As with the above approach, it is often neces-
sary to work between the branches of the lower cranial nerves to reach the 
aneurysm neck; this requires extreme care to avoid permanent nerve damage. 
If a large jugular tubercle masks the aneurysm neck, this can be removed with 
the air drill. In general, the larger the aneurysm and the nearer to the midline, 
the greater the need to extend bone removal in a lateral direction. This mini-
mises cerebellar/brainstem retraction, shortens the distance to the midline 
and allows clip application from a trajectory more in line with the vertebral 
artery.

2. RESULTS

For the last 10 years coil embolisation has been used as the fi rst line approach 
for most aneurysms of the posterior circulation. To obtain data on surgical 
outcome uninfl uenced by the introduction of endovascular techniques, I re-
turn to results of an audit from 1989 to 1993 showing 3 month outcome of 66 
patients undergoing clipping of a posterior circulation aneurysm (Table 1). 
Even during this period, 6 patients were treated with interventional tech-
niques and they have been excluded from the table. Of the 66 patients, 2 
presented with 3rd nerve palsies and 4 had incidental aneurysms. The remain-
der all suffered a subarachnoid haemorrhage. Patients with post-operative 
cranial nerve palsies alone were not categorised as disabled. Although num-
bers at each site are small, it is evident that surgical repair of basilar bifurca-
tion aneurysms carries the highest mortality and morbidity with 2 deaths and 
3 patients with severe disability. Patients in the severe disability category all 
sustained perforator damage.
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HOW TO AVOID COMPLICATIONS

1. VENOUS INFARCTION

All subtemporal and petrosal (combined supra/infratentorial) approaches 
risk damage to the vein of Labbé. In about 50% of patients, occlusion will 
lead to venous infarction. If bleeding occurs, do not try to coagulate; ease 
back on retraction and pack with surgicel if necessary. A pre-operative CT 
venogram may help identify the relative importance of this draining vein 
and its position of entry into the transverse sinus. A dominant vein of Lab-
bé entering the sinus immediately adjacent to the petrosal sinus or draining 
through a tentorial venous lake may be a reason to avoid the petrosal 
 approach.

2. PER-OPERATIVE ANEURYSM RUPTURE

Temporary clipping of the proximal vessel (applied for 5 min, with 5 min 
reperfusion) may reduce the risk of aneurysm rupture during dissection and 
aid manipulation of the sac and identifi cation of perforators and adjacent 
vessels, particularly with large aneurysms. The reduction in intraluminal 
pressure within the aneurysm sac allows optimal positioning of the aneu-
rysm clip. For large basilar trunk or low lying bifurcation aneurysms, ac-
cess to the proximal vessel may be diffi cult, if not impossible, particularly 
when approached from above. Temporary endovascular occlusion with a 
non-detachable silicone balloon inserted via a femoral catheter for 5-min 
periods provides a useful method of control. After clipping and defl ating 
the balloon, the catheter permits intra-operative angiography to ensure ac-
curate clip position with preservation of surrounding vessels. Over the last 
30 years several authors have recorded the use of circulatory arrest in the 
treatment of giant intracranial aneurysms. These techniques permit up to 

Table 1. Results of surgical repair of posterior circulation aneurysms 1989–1993

 Good 
recovery

Moderate 
disability

Severe 
disability

Death Total

Basilar 
bifurcation

25 4 3 2 34

Superior cerebellar 10 3 0 0 13
Posterior cerebral  2 0 0 0   2
AICA  3 0 0 0   3
Vertebro-basilar 
junction

 2 0 0 0   2

PICA  9 2 0 1 12

Total 51 9 3 3 66

AICA Anterior inferior cerebellar artery, PICA posterior inferior cerebellar artery
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60 min of total circulatory arrest, thus helping both the dissection and clip-
ping of such technically diffi cult  aneurysms.

3. VESSEL OCCLUSION

It is essential to ensure that clip application does not constrict or occlude ei-
ther proximal or distal vessels. A microdoppler probe can provide a guide to 
patency, but intraoperative angiography if available is a more certain method. 
Neither technique will show perforator occlusion. Only punctilious surgical 
technique can minimise this complication, particularly around the most vul-
nerable site at the basilar bifurcation.

4. CRANIAL NERVE DAMAGE

With the subtemporal approach to the basilar bifurcation about two thirds of 
patients sustain 3rd nerve damage. Most recover fully but in ¼ of those, some 
damage persists. The transtentorial approach to the basilar trunk risks dam-
age to the 4th, 5th and 6th nerves and the combined petrosal approach also 
risks damage to the 7th and 8th nerves. Infratentorial approaches may damage 
the lower cranial nerves, particularly when dissecting and clipping PICA an-
eurysms. Great care and delicacy is required when retracting these nerves to 
gain access. Damage can lead to potentially fatal aspiration pneumonia.

CONCLUSIONS

Most centres now use coil embolisation as the fi rst line approach for the 
 treatment of posterior circulation aneurysms. Despite major advances in en-
dovascular techniques over the last decade including balloon remodelling and 
coiling combined with the insertion of horizontal and “y” stents, a propor-
tion of patients still require direct operative repair. Before proceeding to op-
eration, careful evaluation of the angiographic fi ndings is essential to indicate 
the optimal approach. Individual surgical preference and experience with a 
particular route may be the ultimate deciding factor. Where possible the sur-
geon should avoid complex skull base approaches. Simplicity often provides 
the safest option.
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GIANT ANEURYSMS
S. KOBAYASHI

This chapter has been written with collaboration of Prof. K.  Hongo.

INTRODUCTION

Giant intracranial aneurysms (GAs) are the most diffi cult kind of intracranial 
aneurysms to treat. They present with subarachnoid  hemorrhage and/or 
space occupying signs; they can also produce thromboembolic phenomena 
manifested by transient ischemic attacks or remain asymptomatic for many 
years. Their surgical treatment has been attempted by various renowned sur-
geons including Drake [1], Yaşargil [15], Sundt [12], Sugita et al. [11] and 
Spetzler et al. [10], all of them using innovative microneurosurgical tech-
niques, and all of them with successes and failures. Recent development of 
bypass surgery techniques [2, 4] and endovascular treatment [14] have in-
creased treatment options and improved surgical outcome for patients har-
boring GAs. Management options for surgery including deep hypothermia 
and cardiac standstill [7] are often instrumental. This chapter deals with the 
goals of treatment, surgical considerations, standard surgical techniques and 
complication avoidance.

RATIONALE

By defi nition, GA measures 25 mm or more in diameter and they rep-1. 
resent approximately 3.5% of all intracranial aneurysms. It is known 
that the probability of rupture is higher than in smaller ones, and ap-
proximately 25% of GAs present with subarachnoid hemorrhage. The 
rate of rebleeding has been found as high as 18.4% at 14 days after 
admission [5]; observation after hemorrhage can lead to fatal outcome.
The goals of treatments of GAs are basically twofold; one is to pre-2. 
vent rupture and two to relieve the mass effect, if present. GAs are 
located either in the anterior or posterior circulation. In the anterior 
circulation, they are most common in the internal carotid artery fol-
lowed by the middle cerebral artery, while in the posterior circula-
tion the vertebral artery is most often involved. Occlusion of a GA 
is made by clipping with multiple clips or trapping the portion of 

Keywords: vascular malformation, giant aneurysms, microsurgery
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the parent artery harboring the aneurysm with or without bypass 
surgery. Decompression of the thrombotic bulk of a GA is effected 
as necessary. When occluding a GA, special care should be taken to 
preserve perforating arteries. Knowledge of collateral circulation is 
important when trapping the aneurysm.
It is of great importance to know the anatomy of the parent artery 3. 
and its branching and/or perforating vessels, especially regarding to 
their relation to the local skull base. There are particular cases such 
as the proximal internal carotid, in which cavernous sinus anatomy 
must be taken into account. In GAs of the posterior circulation, it is 
mandatory to know the  topographic brainstem anatomy in addition 
to the vascular anatomy.
Current endovascular therapies, when properly selected and applied, 4. 
can provide a lower-risk therapeutic modality, but do not provide 
results that are as durable as current surgical techniques [13], and do 
not represent an ideal solution.

DECISION-MAKING

1. DIAGNOSTIC STUDIES

1.1 Neurological symptoms and signs

Asymptomatic GAs are incidentally found on brain CT or MRI taken • 
for other purposes such as for headache, ischemic stroke or brain 
check-up screening.
Subarachnoid hemorrhage causes symptoms ranging Hunt and Hess • 
Grade 1.5. Often massive hemorrhage occurs with surrounding intra-
crebral hematoma.
Mass signs are related to the location of GAs. For instance, a GA in • 
the internal carotid artery can cause symptoms such as visual symp-
toms, cavernous sinus signs and hypopituita rism GAs in the vertebral 
artery cause brainstem compression with long tract signs and lower 
cranial nerve symptoms such as dysphagia, dysarthria and hoarseness. 
GAs at the basilar artery bifurcation can cause bilateral oculomotor 
pareses and hydrocephalus [6].
Thromboembolic phenomena commonly manifest as transient ischem-• 
ic attacks or infarction with its corresponding neurological defi cits.

1.2 CT and MRI

Location of the GA and its mass effect are well seen on the CT and • 
MRI. MRA is obtained non-invasively and useful to see the aneu-
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rysm and involved arteries. Post-contrast CT or MRI provides infor-
mation regarding intra-aneurysmal thrombosis. 3-D CT is  especially 
useful for observing the interrelation of the aneurysm and surround-
ing arteries from different perspectives, which is  instrumental in de-
signing the surgical approach.

1.3 Angiogram

Despite recent refi nement of CT and MRI technology, angiography • 
still has an important place in studying perforating arteries and dy-
namic fl ow and collateral circulation.
Balloon occlusion test is useful in determining safety of trapping • 
 procedure [13]. However, effi cacy of the balloon occlusion test is not 
totally guaranteed.

2. INDICATIONS

Which patients should be candidates for surgical treatment of GAs (Fig. 1).

Management of 
GAs

Symptomatic Asymptomatic

Observation

Ischemic
Symptoms

Mass effectSAH

Intracerebral
Hemorrhage

+ –

Open
Surgery

Open and/or Endovascular
Surgery

Observation

No ChangeEnlarge

Fig. 1. Algorithm for the management of GAs. Asymptomatic patients should be followed 
by close observation until the presence of clinical symptoms or enlargement on radiological 
periodic examination; symptomatic patients must be treated via open surgery in case of 
rupture with the presence of intracerebral hemorrhage or via open surgery and/or endo  -
vascular treatment in case of other symptoms. SAH Subarachnoid hemorrhage
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SURGERY

1. CEREBRAL PROTECTION

In GA surgery, temporary occlusion is usually required. Therefore, it is of 
vital importance to consider the neuroprotective measures such as intrave-
nous infusion of mannitol and/or barbiturates (thiopental) with electroen-
cephalographic burst suppression as a landmark; they are most effective 
when administered before periods of temporary occlusion. Patients can also 
be kept mildly hypertensive when a prolonged temporary clipping is ex-
pected [10].

2. OPERATIVE TECHNIQUE

The approaches for GAs are usually chosen under the same criteria as for non-
GAs, considering always the need of proximal and distal control with minimal 
cerebral manipulation. For anterior circulation GAs, the pterional craniotomy 
with drilling of the lesser wing of the sphenoid bone and removal of the squa-
mosal portion of the temporal bone, provides enough surgical working space. 
Some authors [10] prefer the orbitozygomatic approach with removal of the 
rim, roof and lateral wall of the orbit as well as the zygomatic arch. This ap-
proach provides additional access frontally, temporally and into the sylvian 
fi ssure, maximizing working room for clinoidectomy and exposure of the in-
ternal carotid artery. GAs of the distal anterior cerebral artery must be exposed 
by a wide middle-line based craniotomy with meticulous interhemispheric 
dissection. Posterior circulation GAs are approached by one of the following 
routes: (1) orbitozygomatic, (2) transpetrosal with its different variants and 
extensions, (3) extended far lateral approach and (4) combined approaches. To 
determine the appropriate approach, Spetzler et al. [10] has proposed the divi-
sion of three distinct conceptual zones (upper, middle and low) according to 
the localization of the lesion in relation to the basilar artery.

Technical considerations:

Clipping with or without bypass and decompression1. 
Trapping with or without bypass and decompression2. 
Proximal occlusion of the parent artery3. 
Under deep hypothermia4. 
Under induced cardiac standstill5. 
Under monitoring6. 
Under temporary occlusion of the parent artery.7. 

In order to occlude the aneurysm, clipping procedure is the most common 
and ideal, whereby long (ultra-long) clips or multiple clips are used. When 
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the aneurysmal neck of a GA is reconstructed, an ample volume of the neck 
portion of the aneurysm should be left on the side of the parent artery in or-
der to avoid stenosis, because the neck is wide with thick wall. Special atten-
tion should be paid when using angled ring clips, because they do not open as 
wide as straight ones (Fig. 2).

There are several methods to occlude the neck with multiple clips and it is 
important to know them before undertaking surgery (Fig. 3).

Trapping procedure is used often for GAs of the internal carotid and ver-
tebral artery, and less frequently for those in the middle and anterior cerebral 
artery. In a rare special case of basilar GA, trapping can be performed com-
bined with bypass, after meticulous preoperative hemodynamic analysis.

Bypass procedure has become a useful addition to either clipping or trap-
ping of GAs. The superfi cial temporal artery (STA) has shown to provide a 
suffi cient collateral fl ow and is best used for restoring the distal middle cere-
bral artery fl ow. For an internal carotid artery GA, high fl ow bypass using 
the radial artery is often necessary [4].

For GAs of the posterior circulation, it is mandatory to study angio-
graphically the patency of the posterior communicating arteries, as well as 
the relation between the lesion and the anterior inferior cerebellar artery 
and/or posterior inferior cerebellar artery. All these measures are followed 
in order to prevent brainstem infarction and to plan an accurate revascular-
ization procedure.

When a high fl ow bypass is necessary, radial artery graft is preferred, 
 because its diameter fi ts better with the recipient vessel, and this avoids the 

E
D F

8
5

14

Fig. 2. Parent artery reconstruction with multiple clips. As the maximum opening distance 
of ring clip is not enough to prevent stenosis, it is recommended therefore to use fi rst a 
straight ring clip to reduce the size of aneurysm and then one or two angled ring clips to 
completely close its neck. (The indicated distances are given in millimeters.) Modifi ed from 
Sugita K (1985) Microneurosurgical atlas. Springer, Berlin Heidelberg, p 135
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presence of turbulent fl ow that has been observed with the saphenous vein 
grafts [4].

Despite the great importance of these revascularization procedures in 
the management of posterior circulation GAs, it is not to underestimate the 

A B C

Fig. 3. Top: Multiple clipping, a method in which the aneurysm neck is occluded with 
more than two clips, includes many variations. Tandem clipping (A) and counterclipping 
(B, C) are commonly used for large or giant internal carotid aneurysms. Counterclipping 
can be carried out in facing (B) or crosswise fashion (C). Middle and bottom: Diagram-
matic representation of formation clipping as branch artery formation (left), parent artery 
formation (middle) and aneurysm formation (right). (Modifi ed from Kobayashi S, Tanaka 
Y, Apuzzo MLJ (1993) Brain surgery. Complication avoidance and management. Churchill 
Livingstone, New York, pp 833–843.)
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A

B

Fig. 4. ICA aneurysm clipped under temporary trapping without bypass. A Pre- and post-
operative anteroposterior angiograms showing a giant aneurysm of the left internal carotid 
artery. A ring clip with blades bent to the left and a right-angled ring clip are applied with 
care to keep the original curve of the parent artery. B Schema of the operation in this case. 
Temporary clipping and suctioning of blood from the aneurysm reduce the aneurysm ten-
sion before application of permanent clips. (Modifi ed from Kobayashi S, Tanaka Y, Apuzzo 
MLJ (1993) Brain surgery. Complication avoidance and management. Churchill Livingstone, 
New York, p 834.)
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technical diffi culties associated with its performance [2], and they must be 
taken into account in the preoperative plan. Even when considerable  collateral 
fl ow is present, a bypass surgery can be used as an insurance procedure [3].

Decompression should be performed in thrombotic or sclerotic GAs 
causing mass signs. This is performed at the time of clipping or trapping. The 
aneurysm mass is debulked by internal decompression till the capsule gets 
thin enough to be soft (endoaneurysmectomy). The capsule should not be 
removed unnecessarily because surrounding arteries and perforators are of-
ten adherent to the outer surface of the capsule. Endoaneurysmectomy can be 
performed in the neck region only so as to facilitate clipping.

A B

C D

Fig. 5. ICA aneurysm clipped under temporary bypass with radial artery graft (A  coronal 
MRI image; B preoperative anterior-posterior view of the left carotid angiogram). After ex-
posure of M2, the patient’s arm was raised (C) and a radial artery-M2 end to side anastomo-
sis was made. The ICA was then trapped between the ophthalmic artery and the anterior 
choroidal artery, while the radial artery-M2 bypass was kept open. The aneurysm was then 
punctured and clipped with straight and ring clips (D postoperative lateral view of the left 
carotid angiogram). The bypass was closed: The radial artery was re-positioned to its origi-
nal site at the wrist. Postoperative course was uneventful
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Coil embolization is being used more in recent years, however, its long-term 
results have not been proved better than clipping [14]. Especially, coil compac-
tion and incomplete embolization seem to be problematic. It is often chosen for 
basilar bifurcation GAs because of the technical diffi culties by open surgery.

Illustrative cases.

Internal carotid artery GA (Figs. 4 and 5).• 
Middle cerebral artery GA (Fig. 6).• 
Vertebral artery GA (Fig. 7).• 

3. LONG-TERM RESULTS

Despite the complexity of its treatment, GAs have a poor prog nosis if 
left untreated, because most of GAs continue to en  large, regardless of the 

A B C

D E

Fig. 6. MCA aneurysm clipped under STA-MCA bypass. (A Preoperative 3-D angiogram.) 
Through a pterional approach, the sylvian fi ssure was widely opened and a double end-to-
side STA-MCA bypasses (superior and inferior trunks) were performed. (D Intraoperative 
photograph, arrows indicating STAs). The aneurysm was temporarily trapped, dissected 
and opened to remove thrombus, and it was obliterated with two clips in counterclipping 
fashion (E). (B, C Postoperative angiograms, showing respectively the occluded aneurysm 
with intentionally left small neck and patent double bypasses.) The patient was discharged 
without neurological defi cits
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presence or absence of symptoms, and the risk of rupture increases during 
observation. Surgery reduces  mortality from 31 to 4%  compared with the 
conservatively treated patients [8].

HOW TO AVOID COMPLICATIONS

1. INTRAOPERATIVE RUPTURE

Prevention of intraoperative rupture starts before surgery by obtaining a 
3-D image of the lesion and its topographic anatomy, which helps designing 
the surgical approach and clipping the aneurysm.

During surgery, sharp arachnoidal dissection is mandatory to free unin-
volved cerebral lobules, and to carefully access through the cisterns to the 
parent artery. Once the proximal artery is freed from all arachnoidal tension 

A B

C D

BA

rt VA

PICA

Fig. 7. VA-PICA partially thrombosed aneurysm, clipped under temporary trapping. Preoper-
ative CT (A) and angiogram (B) showing a 26 mm, partially thrombosed VA-PICA aneurysm. 
C Schematic view of the operative fi eld. Under temporary trapping, partial thrombectomy 
was performed and the aneurysm was occluded with a single ultra-long clip. D Postopera-
tive angiogram showing total occlusion
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points, dissection is followed proximally until the aneurysm neck is reached. 
In this point, it is of great importance to avoid tension to the aneurysm 
dome and to work as far as possible from the rupture point. There are some 
cases in which temporary clipping is needed, such as in some SAH cases, 
where arachnoidal plane is diffi cult to visualize because of thick hemor-
rhage, or in cases where the aneurysm is embedded in neural tissues, and its 
manipulation may cause tension with imminent rupture. In these cases one 
should strongly consider revascularization procedures, in order to maintain 
an adequate distal fl ow. This decision is made according to the preoperative 
analysis and intraoperative fi ndings, depending on the expected time of 
ischemia and the possibility to restore fl ow through the parent artery after 
its occlusion.

2. CEREBRAL INFARCT

The complexity of these lesions provides a very high risk of postoperative 
cerebral infarction due to damage to perforators during dissection, inadver-
tent clipping of branches, failure to reconstruct properly the parent artery or 
prolonged temporary clipping without adequate alternative fl ow. Another 
possibilities leading to cerebral infarction are failure of bypass because of a 
tight anastomosis or because of the presence of thrombus inside the graft. 
Qualitative assessment of pa tency is easily made intraoperatively by micro-
Doppler sonography. Exact confi rmation by intraoperative angiography is of 
great value. A method gaining popularity in recent years is the Indocyanine 
Green Angiography (ICG) which is simple and provides real-time informa-
tion on the patency of arterial and venous vessels, including small and perfo-
rating arteries (<0.5 mm) and the aneurysm sac [9].

3. CEREBRAL CONTUSION

In order to deal with GAs, a wide approach must be selected, one that permits 
clear visualization of proximal and distal vessels as much as surrounding ve-
nous and neural structures with minimal manipulation of nervous tissue [10]. 
Modern cranial base surgery techniques for approaches and proximal vascu-
lar control are invaluable tools to prevent excessive retraction and tension 
over brain tissue. When retracting the brain, it should be intermittently re-
leased as one practice for temporary arterial occlusion. Compromising veins 
should be avoided as much as possible, as venous congestion facilitate brain 
edema and contusion by retraction.

CONCLUSIONS

Symptomatic GAs are surgically treated best by clipping or trapping  with 
bypass as necessary. Other methods of treatment include intravascular 
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 treatment. Asymptomatic GAs should carefully be observed and at a certain 
point, they should be treated as they would likely enlarge and eventually lead 
to rupture.
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ARTERIOVENOUS MALFORMATIONS 
OF THE BRAIN

R. C. HEROS

INTRODUCTION

Arteriovenous malformations (AVMs) are vascular abnormalities consisting 
of a number of direct connections of arteries and veins without a normal in-
tervening capillary bed. AVMs are generally thought to be congenital, but 
they frequently grow during childhood, adolescence, and young adulthood. 
It is rare for them to grow signifi cantly in the more mature adult. The most 
common presentation of intracranial AVMs is intracerebral hemorrhage 
closely followed by seizures. Other patients with AVMs present with head-
ache and other signs of increased intracranial pressure and infrequently, with 
a progressive focal neurologic defi cit which we generally attribute to a vascu-
lar steal, but which may well be due to venous hypertension in the territory 
of the veins draining the AVM.

Although the general orientation of this handbook is surgical, I will spend 
some time discussing issues relating to decision making which are extremely 
important and diffi cult with these lesions. I will also provide a short discus-
sion of embolization and radiosurgery which are modalities of treatment that 
are frequently presented as “alternatives” to the patient but I will try to make 
the point that for each patient, there is only one best alternative and the dif-
ferent modalities of treatment should not be presented as interchangeable. 
Finally, I will discuss surgery, its results and its complications. While I will 
allude briefl y to general surgical technique, most of the emphasis will be on 
the surgical approach to AVMs in different locations.

DECISION-MAKING

1. NATURAL HISTORY

It is obvious that a good understanding of the natural history of a disease is 
essential in the process of decision making. Fortunately, we have several very 
good studies in the literature that give us robust data about the natural his-
tory of both AVMs that present with hemorrhage and those that have never 

Keywords: cerebral arterio venous malformation, surgery of cerebral AVMs, 
intracranial surgery



304

R. C. HEROS

bled. One of the most important and earliest studies was reported by Graf 
et al. [4] who reported a 2–3% risk of  hemorrhage in patients that had never 
bled from their AVM. In the group of patients that presented with hemor-
rhage, the risk of re- hemorrhage over the fi rst year was 6% and  subsequent 
to that, the risk was 2% per year. Brown et al. reported an annualized hemor-
rhage rate of 2.2% in patients that presented with hemorrhage [2]. Likewise, 
Crawford et al. reported a hemorrhage rate of 2% per year but in this par-
ticular series, the risk for those patients that presented with hemorrhage was 
36% over a ten year period as compared to 17% in patients that had never 
bled [3]. In an excellent study with a 23.7 year average follow-up, Ondra et al. 
found that in patients that presented with  hemorrhage, the annualized bleed-
ing rate during follow-up was 3.9%; for patients that presented with seizures, 
the rate was 4.3% per year and for those that were asymptomatic or had 
other symptoms, the rate was 3.9% per year [14].

In summary, it appears that patients with cerebral AVMs bleed at a rate of 
approximately 2–4% per year and that rate of bleeding in most studies is 
similar whether the patient has ever bled or not although patients that present 
with hemorrhage have about twice the risk of re-bleeding during the fi rst 
year. It appears clear then that unruptured cerebral AVMs have a much great-
er annual rate of bleeding than unruptured aneurysms although of course, the 
consequences of a hemorrhage from an aneurysm are worse than those of a 
hemorrhage from an AVM; the latter hemorrhages result in signifi cant mor-
bidity in approximately 25–30% of the patients and they result in death in 
approximately 10% of the patients [1].

2. THE PATIENT

Factors related to the patient are extremely important in the decision making 
process with cerebral AVMs. The most important of these factors is, of course, 
the age. Age is the most important determinant of the number of future years 
at risk for a hemorrhage and in addition, it is also a very important factor in-
fl uencing the ability of the patient to tolerate a prolonged diffi cult operation 
and to achieve a satisfactory recovery from any neurologic defi cit that may 
occur from surgery. For the same reasons, the patient’s general medical condi-
tion must be taken into account. The clinical presentation of the patient and 
the neurologic condition at the time of presentation are also very important 
factors. For example, if a patient has a fi xed neurologic defi cit which would 
be the defi cit expected from resection on an AVM in a particular region of the 
brain, the surgeon may be more inclined to recommend surgery. The occupa-
tion and lifestyle of the patient are also important considerations. Even a 
modest speech defi cit may be intolerable to a teacher or a lawyer whereas a 
visual fi eld cut that may be well tolerated by most patients may be intolerable 
to a pilot or a truck driver. The psychological reaction of the patient to the 
knowledge that he/she has an AVM must also be taken into consideration. 
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Some patients are simply devastated by the thought that they have a lesion 
that could bleed at any time whereas others can go on with a perfectly normal 
life in spite of that knowledge.

3. THE AVM

Clearly, the size, confi guration, pattern of arterial feeding and venous drain-
age and location of the AVM are extremely important factors to consider in 
the decision making process. To help the neurosurgeon estimate the surgical 
risk, a number of classifi cations have been developed including the one we 
use most frequently today, which is the Spetzler-Martin Grading Scheme. 
This classifi cation simplifi es the estimation of the surgical risk by considering 
the size of the AVM, its location and the presence of deep venous drainage 
which is an objective indicator of whether the AVM extends to or involves 
deeper portions of the brain. Although these classifi cations are helpful, par-
ticularly in terms of  reporting and comparing results, there is no classifi cation 
that can take into account all the different variables that the experienced sur-
geon must consider in estimating surgical risk. Factors such as the presence of 
deep perforating arterial supply, the location of the venous drainage, the con-
fi guration of the nidus (compact vs. diffuse), etc. would be diffi cult to ac-
count for in any classifi cation. It can truly be said that no AVM is exactly like 
any other which adds to the importance of a very individualized, patient by 
patient, decision making process.

4. THE SURGEON

Finally, it should be obvious with these diffi cult lesions that the surgeon’s 
experience with AVMs is an extremely important factor. Furthermore, the 
availability of the different modalities of treatment at the center in question as 
well as the understanding by the surgeon of proper use of adjunctive or alter-
native treatments such as embolization and/or radiosurgery is of paramount 
importance. In my opinion, it should be an experienced neurosurgeon that 
gives the ultimate advice to patients with cerebral AVMs as to what treatment 
is best for them. The experience of that neurosurgeon should not be limited 
to surgical excision but should also include knowledge of the indications, ef-
fi cacy and complications of embolization and radiosurgery as stated above. 
With this experience, the neurosurgeon is in the position to give to the patient 
proper advice as to what would be the optimal treatment for him which may 
be conservative therapy, radiosurgery, surgical excision with or without em-
bolization, embolization alone or a combination of these modalities. It is my 
fi rm opinion that it is the ethical responsibility of that surgeon to give to the 
patient in a straight forward manner, his opinion as to what would be the best 
treatment for that particular patient with that particular AVM without any 
ambiguities or hesitation unless the surgeon really does not know, in which 
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case it may be prudent to refer the patient to a more experienced colleague. It 
does not seem fair to present the patient with a plethora of statistics and then 
tell the patient that it is “his decision” and that the surgeon will not make that 
decision for him. Of course, the patient will ultimately make the decision as 
to whether or not to accept the recommendation of the surgeon but he is en-
titled to have the benefi t of the clear expert opinion that he is seeking.

TREATMENT MODALITIES

1. RADIOSURGERY

Unquestionably, radiosurgery, which was developed and is currently used 
mostly by neurosurgeons, has made a tremendous impact in the treatment of 
AVMs. It is clear that radiosurgery, as currently performed by a variety of 
 techniques, is a very effective treatment for small AVMs, generally 3 cm or less  
in diameter. My colleagues and I have reviewed this topic in detail [1, 11] and 
have concluded that the average obliteration rate over a period of 2–3 years for 
AVMs treated with radiosurgery is somewhere between 60 and 80%. That rate 
appears to be closer to the higher fi gure for very small AVMs and decreases as 
we treat larger AVMs. The rate of clinically signifi cant complications directly 
attributable to radiosurgery (radiation necrosis) is somewhere between 3 and 
6% depending on whether the treated AVM involves an  eloquent area of the 
brain or not. The morbidity of treating lesions in very critical regions such as 
the brainstem and the internal capsule may be substantially higher.

Obviously the great advantage of radiosurgery, in addition to its mini-
mal invasiveness, is that it can be used for lesions that because of their deep 
and critical location would carry unacceptable surgical morbidity. The ob-
vious disadvantage of radiosurgery, which is of course critical, is the un-
certainty of cure (complete obliteration) and the fact that it generally takes 
between one and three or four years for compete obliteration to occur if it 
is going to occur at all. It has been clearly established that during this “la-
tent” period of incomplete obliteration, the risk of hemorrhage is identical 
to the natural history of the disease [11]. In other words, the patient  remains 
at the same risk that he was before treatment in terms of the probability of 
hemorrhage until the AVM is completely obliterated by radiosurgery. 
There are a few reports of late hemorrhage after angiographically proven 
complete obliteration and there are also reports of histologically proven 
patency of some of the components of the AVM after angiographic oblit-
eration [8]; however, considering the very large number of patients that 
have been treated over the last 20 years with radiosurgery, it is fair to con-
clude that once angiographic obliteration has been demonstrated, the risk 
of a future hemorrhage after radiosurgery is extremely small and practi-
cally negligible.
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2. EMBOLIZATION

Endovascular embolization of AVMs was also pioneered by a neurosurgeon, 
A. Luessenhop. Subsequently, many of our colleagues, particularly in neuro-
radiology, have improved and continue to improve these techniques. Un-
questionably, preoperative embolization has made it feasible to operate with 
considerable safety, cerebral AVMs that were clearly inoperable or at least not 
operable without substantial morbidity, in the days before embolization. The 
issue then is not whether preoperative embolization facilitates surgical exci-
sion, which unquestionably it does, but when it should be used. If emboliza-
tion could be carried out without morbidity, every neurosurgeon would 
choose preoperative embolization for essentially all AVMs. However, it is 
clear from our recent review of the literature on embolization, that the mor-
bidity of embolization is still substantial [1]. For example, Taylor et al. 
 reported in 2004 a 6.5% permanent morbidity and a 1.2% mortality per em-
bolization procedure [16]. Other modern series from excellent centers have 
reported similar morbidity rates. With these morbidity rates, it is clear that 
preoperative embolization should not be used only to facilitate the surgery 
but rather it should only be used when in the judgment of the experienced 
surgeon, the combined morbidity of the embolization plus the surgery after 
embolization would be less than what the expected morbidity of the surgery 
would be if it were carried out without embolization. Additionally, I strong-
ly believe that preoperative embolization should be carried out under the 
 direction of the operating surgeon in order to optimally facilitate surgery and 
reduce morbidity. For example, with a large temporal AVM, there is no need 
to embolize superfi cial middle cerebral feeders to which the surgeon would 
have ready access during the early operative stages. Rather, it would be much 
more important to embolize deep feeders from the posterior cerebral artery 
to which the surgeon may not have early access without signifi cant retraction 
of the temporal lobe and risk of damage to bridging veins. Likewise, the dif-
ference between safe and unsafe surgical resection may be determined by the 
ability of the  endovascular surgeon to occlude critical perforating vessels to 
which the surgeon would not have ready access (Fig. 1).

Another critical issue is whether and when to recommend embolization as 
the primary and only therapeutic modality. There is no question that in very 
competent hands, when the patients are properly selected by a very experi-
enced endovascular surgeon, a relatively high rate of obliteration can be 
achieved; however, even in the best hands, that rate of complete obliteration 
does not seem to exceed 40% of those lesions where total obliteration was 
thought to be possible by the interventionist [17]. The rate of complete oblit-
eration by embolization is much lower, generally between 5 and 15%, when 
considering all AVMs that are embolized rather than those that are specifi -
cally selected for embolization because complete obliteration was thought to 
be possible [1]. The real issue is whether obliteration by endovascular surgery 
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can be achieved with lower morbidity than the estimated surgical morbidity 
of microsurgical excision of those lesions, which are generally smaller AVMs 
with a limited number of arterial feeders.

When considering embolization as an “alternative” form of treatment, it 
should be kept in mind that, as our recent review has clearly indicated to us, 
the natural history in terms of risk of future hemorrhage is not changed at 
all for the better and may be changed for the worse (increased risk of hem-
orrhage) in those AVMs that are less than completely obliterated by em-
bolization [1]. In other words, “palliative” embolization does not seem to 
improve the natural history of AVMs and it carries a signifi cant morbidity; 

A B

C

Fig. 1. Small thalamic AVM with large thalamoperforating feeder. A Anteroposterior (A-P) 
vertebral injection. Note large perforating feeder to the deep portion of the AVM (arrow). 
B A-P vertebral injection after successful embolization of large thalamoperforating feeder. 
C Postoperative A-P vertebral injection. The lesion was completely removed through a sub-
temporal approach
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therefore, it is only rarely, in my opinion, indicated. The exception is in 
cases that present with a progressive neurologic defi cit due to steal, in-
creased intracranial pressure from venous hypertension, intractable epilepsy 
which frequently can be improved by palliative embolization and intracta-
ble focal headaches that can be improved by obliteration of large dural feed-
ers. It is also reasonable to consider palliative embolization in patients that 
present certain angiographic features such as stenosis of the main venous 
outlet, intranidal fi stulas and aneurysms, aneurysms in feeding vessels, etc. 
who may be presumed to be at higher risk of hemorrhage and whose AVM 
cannot be removed completely or treated by radiosurgery because of its 
size, location, etc.

3. COMBINED MODALITIES

I have discussed the usefulness of preoperative embolization to facilitate the 
surgical excision and have warned against its abuse. It is also frequent practice 
to use embolization before radiosurgery. The rationale for this has to be ques-
tioned. Frequently, embolization is used in large AVMs that normally would 
not be amenable to radiosurgery in order to make them “smaller” and therefore 
amenable to radiosurgery. This rationale is based on the assumption that areas 
of the AVM that do not fi ll angiographically immediately after embolization 
are indeed permanently occluded. However, we know that many of these por-
tions of the AVM that appear to be completely occluded after embolization 
recanalize with time [15]. In fact, preoperative embolization has been one of the 
most important factors correlated with failure of radiosurgery [15]. Addition-
ally, as we discussed above, there is no evidence that partial embolization 
 reduces the risk of bleeding and in fact there is some weak evidence that it in-
creases it [1]. Nevertheless, we do recommend embolization prior to radiosur-
gery for the occasional AVM that cannot be excised surgically without high 
morbidity and where the angiographic appearance of the AVM presents what 
we would consider signifi cant risk factors for hemorrhage as listed above. In 
our opinion, pre-radiosurgery embolization simply to reduce the fl ow to the 
AVM or even to reduce its size, if such can really be accomplished, is not indi-
cated and in fact, we feel, is contraindicated given the additional morbidity of 
embolization.

SURGICAL TREATMENT

1. GENERAL COMMENTS

I have written extensively about surgical techniques for AVMs [1, 9, 10] but I 
will reiterate here some points that I feel are important. I will begin by saying 
that AVM surgery generally should be elective surgery. There is the  occasional 
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patient with a large intracerebral hemorrhage that requires surgical evacua-
tion as a life saving operation. In these cases, I prefer to evacuate the hema-
toma very conservatively making every effort not to disturb the AVM which 
is left to be treated at a later time. Of course, there are those instances in 
which a very small superfi cial AVM is readily identifi able in relation to the 
hematoma and it can be removed safely but generally, we prefer to wait a few 
weeks, repeat the angiogram which sometimes would reveal a very different 
anatomy that what an emergency angiogram after the hemorrhage would in-
dicate, and then operate electively.

For deep lesions, we have found frameless stereotactic guidance very 
helpful and tailor a relatively small craniotomy to get us to the lesion through 
the shortest trajectory through non-critical brain. For large superfi cial le-
sions, we use a larger-than-necessary craniotomy to be able to map the sur-
face vascular anatomy including feeding arteries that sometimes can be iden-
tifi ed on the surface before they plunge deeply into a sulcus as they approach 
the AVM. More importantly, the superfi cial draining venous anatomy some-
time requires a large craniotomy to be able to be clearly understood. After 
the superfi cial anatomy is well defi ned, we proceed to systematically open 
under the microscope all the sulci around the AVM looking for superfi cial 
feeders which can be coagulated and divided as they approach the AVM. 
Sometimes, it is diffi cult to differentiate arterialized veins from feeding ar-
teries and in these instances, if simple microsurgical observation under high 
power is not suffi cient to differentiate them, we use a temporary clip which 
would show collapse of the vessel away from the AVM in the case of an ar-
terialized vein. In critical areas of the brain, the surgeon must take feeding 
vessels only after he is absolutely sure the particular artery goes to the AVM 
and nowhere else. Arteries en passage that give small lateral branches to the 
AVM and go on to supply normal brain are a particular problem with AVMs 
in the Sylvian fi ssure and with pericallosal AVMs. In these cases, the artery 
needs to be meticulously “skeletonized” taking all the small side branches to 
the AVM and preserving the main trunk until the surgeon is sure that the 
artery goes on to normal brain without any further branches to the AVM. 
Of course, we try to preserve all arterialized veins but occasionally sacrifi ce 
one or more small superfi cial veins provided that there is ample venous 
drainage left intact. After we have identifi ed all the superfi cial feeders to the 
AVM by opening all the adjacent sulci, we proceed with a circumferential 
corticectomy around the AVM. Empirically, we have found that if we carry 
that corticectomy to about 2.5–3 cm in depth, all the superfi cial arterial sup-
ply would be identifi ed and occluded. After this is done, we proceed with a 
process of “spiraling” dissection around the AVM until we reach its deepest 
aspect. It is very important not to confuse loops of the AVM that project 
into normal brain with feeding arteries or draining veins. Coagulation and 
interruption of these loops could lead to signifi cant bleeding from the AVM 
which is hard to control. As the deeper portion of the AVM is approached, 
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frequently the surgeon encounters signifi cant bleeding which of course is 
the Achilles tendon of AVM surgery. In the case of AVMs that reach the 
ventricle, frequently the bleeding will not stop until the ependyma of the 
ventricle has been reached and small ependymal feeders to the AVM are 
controlled. These deep vessels are extremely diffi cult to coagulate or clip 
and we have found that the small micro clips designed by the late Dr. Sundt 
specifi cally for this purpose, are extremely useful for these tiny fragile ves-
sels. At times, in spite of meticulous technique, the surgeon encounters sig-
nifi cant bleeding from the AVM and when this is the case, it is frequently 
possible to place a small cottonoid patty over the point of bleeding, against 
the AVM, and if necessary, place gentle traction with a retractor on that area 
and proceed with dissection elsewhere. It is of course essential never to pack 
bleeding away from the AVM since this can result in signifi cant parenchy-
mal or intraventricular hemorrhage.

Bipolar coagulation is the mainstay of AVM surgery. I teach my residents 
that they must learn how to use bipolar coagulation properly with simpler 
cases only to have perfected the technique by the time they are ready to oper-
ate on AVMs. I prefer steady bursts of coagulation lasting one or two seconds 
without bringing the tip of the forceps together and under constant irrigation. 
It is essential for the scrub nurse to have the bipolar tips perfectly clean before 
returning them to the surgeon. As soon as the surgeon observes any “dirt” at 
the tip of bipolar forceps, he should have the nurse clean them and use a new 
perfectly clean bipolar forceps. Having one of these fragile deep AVM vessels 
“stick” to the bipolar tips is simply intolerable and can lead to major prob-
lems with avulsion of the vessel and retraction of the proximal end into the 
parenchyma with signifi cant hemorrhage. Frequently I use bipolar coagula-
tion to stroke the loops of the AVM in an effort to shrink it away from nor-
mal brain when the lesion is located in critical areas. However, this maneuver 
is only safe when a substantial amount of the arterial input to the lesion has 
been controlled and the AVM has become relatively “soft”.

2. SPECIFIC LOCATIONS

I will proceed to discuss my preferred surgical approach to cerebral AVMs 
that do not have a convexity surface representation.

2.1 Medial temporal AVMs

The more anteriorly located of these lesions, in the region of the uncus, amy-
gdala and the anterior hippocampal complex are approached through the me-
dial aspect of the Sylvian fi ssure using a pterional craniotomy. As the Sylvian 
fi ssure is opened and the temporal lobe is retracted laterally, the feeding ves-
sels to the AVM come nicely into view and can easily be identifi ed. From 
superfi cial to deep, these branches are usually anterior temporal branches of 
the middle cerebral artery (MCA), the anterior choroidal artery and its 
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branches and branches of the posterior communicating artery as well as some 
early temporal branches of the posterior cerebral artery. All these feeders 
must be controlled and divided while preserving the draining veins which 
drain both anteriorly into the sphenoparietal sinus and medially into the basal 
vein. Once all the arterial supply is controlled, the lesion can be removed with 
little diffi culty.

The more posteriorly located lesions of the medial temporal lobe involve 
the hippocampal and parahippocampal region as well as the fusiform gyrus 
and can extend back to the trigone. These lesions are approached through a 
temporal craniotomy working either subtemporally or through the inferior 
temporal gyrus as I described before [6]. The transtemporal approach has the 
advantage over a subtemporal approach of not stretching the vein of Labbe 
which may be arterialized. In either case, the direction is towards the tempo-
ral horn, which once identifi ed, serves as a good anatomic landmark for 
 orientation. The anterior choroidal artery, which invariably supplies these 
lesions, is identifi ed at the choroidal fi ssure in the most anterior aspect of the 
temporal horn. A superior quadrantanopia has frequently resulted from us-
ing this approach, but this is well tolerated by most patients.

2.2 Insular AVMs

Those AVMs that involve the insula are approached through the Sylvian fi s-
sure with skeletonization of the MCA Sylvian branches to control the medi-
ally directed feeders to the AVM that sits just deep to the web of the Sylvian 
complex. Unfortunately, these lesions frequently have lenticular striate per-
forator supply which can be problematic at surgery (Fig. 2). If that supply is 
predominant, we may prefer to refer these lesions for radiosurgery if the size 
allows.

2.3 Trigonal AVMs

We use two different approaches for AVMs in this region. For those lesions 
located inferiorly involving the fl oor and lateral wall of the trigone, we prefer 
a transtemporal approach through the inferior temporal gyrus on the domi-
nant side and either through the inferior temporal gyrus or the middle tem-
poral gyrus on the non-dominant side. Again, a quadrantanopia may result 
from this approach. The lesions involving the medial aspect of the trigone and 
the parasplenial region which also frequently involve the roof of the trigone 
and at times even the dorsal surface of the pulvinar, are approached through a 
transcortical parieto-occipital approach that I have described before [7]. With 
this latter approach, which essentially is centered at a point 9 cm above the 
inion and 3.5–4 cm lateral to the midline, we are usually able to avoid signifi -
cant motor sensory defi cits as well as a signifi cant visual fi eld defect since the 
incision in the brain is between the parietal sensory association fi bers and the 
occipital visual association fi bers. Needless to say, frameless stereotaxis is ex-
tremely helpful to defi ne the transcortical trajectory.
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2.4 Splenial-posterior third ventricular region

The difference between these AVMs and those that involve primarily the trig-
one is that the former are fed not only by posterolateral choroidal arteries 
coming from laterally into the trigone but also by posteromedial choroidal 
branches that come from medially. To control the latter, a parasagittal ap-
proach is preferable. For this approach, we prefer to use the lateral position 
with the ipsilateral side down and we have found that crossing veins are not a 
problem when a parieto-occipital trajectory is used. A lumbar drain is impor-
tant in these cases to allow suffi cient relaxation of the brain so as to not have 

A B

C D

Fig. 2. Large left insular AVM. A A-P carotid injection. B Lateral carotid injection. C Early 
arterial phase of the A-P carotid injection demonstrating substantial lenticulostriate sup-
ply. D Postoperative lateral carotid injection. The lesion was successfully and completely 
removed by a trans-sylvian approach
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to retract the brain forcibly. The most diffi cult problem with these large sple-
nial AVMs is the control of the posterolateral choroidal branches which usu-
ally come along the choroid plexus at the lateral extreme of the AVM which 
may be as far as 3.5 cm from the midline.

2.5 Callosal AVMs

These lesions are usually fed by anterior cerebral branches which are fre-
quently en passage. This makes embolization of these branches diffi cult and 
control of the small side branches to the AVM tedious. The more anterior 

A B

C

Fig. 3. Large anterior callosal and left deep frontal basal AVM. A A-P carotid injection. 
B Lateral carotid injection. C Postoperative carotid injection. The lesion was successful-
ly and completely removed through a combined pterional and superior interhemispheric 
 approach
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large lesions frequently involve the head of the caudate nucleus and may ex-
tend to the anterior limb of the interior capsule which invariably implies arte-
rial supply by deep perforators from the medial portion of the MCA and 
from the recurrent artery of Heubner. Some of these lesions can be very large 
and involve the basal-medial aspect of the frontal lobe. We have had a couple 
of these large AVMs that required the sequential use of a basal pterional ap-
proach and then a superior parasagittal approach through a large combined 
craniotomy and a change in the position of the head (Fig. 3). When these le-
sions are very large and have exuberant lenticulostriate supply, the surgical 
morbidity is likely to be high and conservative treatment may be an option.

A B

C D

Fig. 4. Large intraventricular AVM occupying all the roof of the third ventricle. A A-P left 
carotid injection. B A-P vertebral injection. C Lateral vertebral injection; note predominant 
posteriomedial choroidal supply without any thalamoperforating supply. D Postoperative 
A-P vertebral injection. The lesion was successfully and completely removed through a tran-
scallosal approach with the craniotomy centered at the coronal suture
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2.6 Intraventricular AVMs

In my opinion, these lesions have a rather bad natural history with repeated 
hemorrhages and I tend to be aggressive with them. Resectability is deter-
mined by the predominance of choroidal supply as opposed to deep perforat-
ing supply. When the latter predominates, which of course means that the 
lesions involve the parenchyma of the thalamus, conservative therapy may be 
preferable unless the lesion is small enough to be treated with radiosurgery. 
When the supply is exclusively or predominantly choroidal, the latter can be 
controlled readily in the ventricle even when the lesion extends along the 
entire length of the roof of the third ventricle (Fig. 4). The approach to these 
lesions is, of course, transcallosal and I prefer the lateral position with the 
 ipsilat eral side down. Perhaps the most diffi cult aspect of operating on these 
intraventricular AVMs is the preservation of the internal cerebral veins which 
are frequently intimately related to the lesion.

2.7 Striato-capsulo-thalamic region

When these lesions are large and have predominant perforator supply, we 
prefer to leave them alone unless the entire lesion can be covered with radio-
surgery. Lesions lateral to the internal capsule involving the lateral basal gan-
glia and insula, as indicated before, can be operated upon with acceptable 
morbidity, but the perforator supply is a signifi cant problem that makes me 
reluctant to operate in many of these lesions. Small lesions involving the pos-
terolateral inferior aspect of the thalamus or the anterio-medial ventricular 
surface of the thalamus can frequently be removed with safety, particularly if 
the lateral circumferential arterial supply that can be controlled in the ambi-
ent cistern in the former and the choroidal supply that can be controlled in 
the ventricle in the latter predominate over the deep perforator supply.

2.8 Cerebellar AVMs

Superior vermian AVMs are invariably supplied by branches of the superior 
cerebellar arteries, most frequently bilaterally. To reach these branches safely, we 
prefer an infratentorial supracerebellar approach and we favor the sitting posi-
tion in order to allow the cerebellum to fall down. One has to be particularly 
careful with arterialized veins that drain from the cerebellum to the tentorium. 
These arterialized veins should not be taken until at least most of the arterial 
supply is controlled which sometimes makes the exposure diffi cult by having to 
work around these veins and with minimal downward retraction of the cerebel-
lum. Posterior and inferior vermian AVMs are approached suboccipitally in the 
prone or three quarters “park bench” position. These lesions are supplied pre-
dominantly by posterior inferior cerebellar (PICA) branches but they frequent-
ly get deep arterial supply from the superior cerebellar arteries. Frequently they 
reach the fourth ventricle and here they get small transependymal supply which 
is diffi cult to control. The more lateral hemispheric AVMs, which frequently can 
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be quite large, are generally approached on the lateral position through a retro-
mastoid craniectomy which can be extended to the midline and supplemented 
by a far lateral suboccipital approach. In this fashion, the arterial supply from the 
PICA can be controlled infero-laterally, the anterior inferior cerebellar supply 
can be controlled at the cerebellopontine angle, and the superior cerebellar sup-
ply can be controlled superolaterally over the cerebellum.

2.9 Brainstem AVMs

I generally do not operate on AVMs located within the parenchyma of the 
brainstem. These lesions are generally fed by perforating arterial branches 

A B

C

Fig. 5. Moderate sized tectal AVM. A A-P vertebral injection. B Lateral vertebral injection. 
C Postoperative A-P vertebral injection. The lesion was successfully and completely re-
moved using a posterior temporal transtentorial approach to gain early access to the supe-
rior  cerebellar supply, which in this case was unilateral
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which cannot be controlled early in the dissection and surgical morbidity is 
forbidding. I am not sure of whether these lesions should be treated with ra-
diosurgery given the high morbidity from radionecrosis in this location. I 
generally recommend a conservative approach to patients with these lesions 
unless they have bled more than once or have progressive symptomatology. 
The few lesions in the brainstem that I have operated are mostly pial lesions 
with primarily circumferential arterial supply that can be controlled in one of 
the surgical surfaces of the brainstem. Some tectal lesions are also amenable to 
surgery, particularly if the patient already has a Parinaud’s syndrome (Fig. 5).

HOW TO AVOID COMPLICATIONS

We have categorized and discussed our complications with cerebral AVMs 
before [1, 9, 10]. Probably our most signifi cant complications can be attrib-
uted to faulty surgical judgment; in other words, operating on patients that 
should not have been operated. This error was most commonly due to a mis-
judgment about the exact topographical localization of the AVM and the fact 
that it involved critical brain regions. These mistakes were more common 
before the days of MRI when we had to depend on a relatively crude CT scan 
and the angiographic anatomy to estimate whether a lesion, for example, was 
restricted to the cerebellar peduncle or it actually extended into the brain-
stem. With the advent of MRI and later functional MR, these mistakes are less 
common. Early in my experience, I adhered to the belief that there was no 
viable brain within the AVM and was overconfi dent in several cases in believ-
ing that I could resect a large or even a moderate sized AVM that involved 
critical areas of the brain without producing an unacceptable neurologic defi -
cit. I have learned the lesson that it is best to expect the appropriate defi cit 
from damage to an eloquent area of the brain when the AVM is located in that 
area. Even when the AVM does not involve a critical area of the brain such as 
the primary motor sensory region, primary speech areas and the primary 
visual cortex but it is immediately adjacent to these areas, the surgeon must be 
extremely careful in his judgment. I now prefer not to tackle these lesions un-
less they can be relatively well devascularized by early access to its arterial 
supply at surgery or by preoperative embolization. At times, I use preopera-
tive embolization with high fl ow AVMs adjacent to a critical region and defer 
the decision to proceed with surgical excision until I can assess the result of 
embolization. If the lesion is markedly devascularized, I may proceed with 
surgical excision whereas if embolization was insuffi cient, I may refer the 
patient for radiosurgery or treat him conservatively. The reason that I fear 
operating on a turgent high fl ow AVM immediately adjacent to a critical area 
is that, in my opinion, the best way to remove these lesions is to gently stroke 
the loops of the AVM in the plane close to critical brain so as to shrink the 
AVM loops away from the brain and, as discussed earlier, it is too dangerous 
to do this when the lesion is still turgent and extensively arterialized.
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Unnecessary parenchymal damage to normal brain can occur in a variety 
of ways. In my experience, this has occurred on a few occasions because I 
used an excessively generous margin of resection; in other words, as the 
AVM started bleeding, I moved the dissection to a “safer” plane around the 
AVM where there was no bleeding, thus injuring unnecessarily normal brain. 
Obviously, the way to avoid this is by staying right at the margin of the 
AVM and being patient with the bleeding which frequently can be controlled 
with relative ease by placing a patty and gentle retraction against the AVM. 
Another mistake that can result in unnecessary parenchymal damage is to 
take feeders at a distance from the AVM. Of course, there are areas where 
this can be done safely when the lesion is far away from critical areas, but 
generally it is best to follow each feeder until there is no question that the 
feeder goes exclusively to the AVM; most frequently this has to be done by 
a wide opening of the sulci around the AVM. Probably the most common 
cause of unnecessary parenchymal damage has been deep bleeding from the 
AVM and our efforts to control such bleeding by  sometimes suctioning nor-
mal brain trying to get control of those feeders as they retract into normal 
brain parenchyma. As mentioned earlier, for the last several years I have 
depended very heavily on the Sundt AVM microclips to control these vessels 
as soon as they are identifi ed rather than trying to follow them through nor-
mal white matter. I have commonly misjudged the signifi cance of deep per-
forators which in the preoperative angiogram sometimes appear to be rather 
small and innocent. Deep bleeding from these perforators and the need to 
control them through important brain regions such as the brainstem, the 
basal ganglia and the thalamus has resulted in signifi cant neurologic defi cit. 
The lesson here is that when the AVM has signifi cant deep perforating sup-
ply that is not amenable to preoperative embolization or to early surgical 
control, it may be best not to attempt surgical excision of the lesion. We 
commented before on vessels en passage which are a particular problem with 
Sylvian AVMs and with callosal AVMs and how their inadvertent occlusion 
can cause signifi cant neurologic defi cits.

Intraoperative hemorrhage into the brain parenchyma or the ventricle has 
resulted in several of the neurologic defi cits that I have produced operating 
on some of the more diffi cult AVMs. I mentioned before the mistake of pack-
ing bleeding away from the AVM which should never be done. The surgeon 
should be doggedly persistent in stopping all bleeding from the “brain side” 
before moving to dissection in another plane. Intraventricular bleeding with 
lesions that reach the ventricle can be a signifi cant problem because it is fre-
quently not recognized immediately.

We have learned to minimize retraction damage by being more and more 
thoughtful about positioning the patient and using CSF drainage such as to 
insure that the brain “falls away”, for example, in parasagittal and subtempo-
ral approaches. Retraction can not only damage the brain directly, but also 
can result in damage to bridging veins. To avoid this, we sometimes resect a 
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small portion of the brain in relatively silent areas such as the inferior tempo-
ral lobe to avoid injury to the vein of Labbe [7].

Even when the patient wakes up satisfactorily from surgery, there are a va-
riety of causes of postoperative deterioration. The most dreadful, of course, is 
postoperative hemorrhage from retained AVM; with routine use of intraopera-
tive angiography, this problem should not be seen. The problem of normal 
perfusion breakthrough which unquestionably was a signifi cant one in the days 
before embolization, has practically been eliminated by preoperative emboliza-
tion of the very high fl ow lesions that are likely to result in this problem.

Finally, there is of course, the problem of postoperative epilepsy. We have 
reviewed this topic in detail [13]. We observed new onset of seizures in 15% 
of the patients that did not have epilepsy before surgery. Most of these pa-
tients had only one or two seizures and only a handful had true epilepsy with 
repeated convulsions. We routinely use anti-convulsants after excision of su-
pratentorial AVMs but generally discontinue these drugs after 3–6 months if 
the patients have had no seizures. Therefore, we do not know if the incidence 
of postoperative seizures would have been higher were it not for this policy.

SURGICAL RESULTS

Table 1 summarizes my personal results with surgical excision of cere bral AVMs 
since 1981. Four of these patients required re-operation for residual AVM 
which in two cases resulted in postoperative hemorrhage and in the other two, 
it was detected by postoperative angiography in the days before routine use of 
intraoperative angiography. Intraoperative or postoperative angiography was 
performed in all of my patients with exception of a handful that had a very 
small AVM in a non-eloquent area of the brain and I was sure that the AVM was 
completely excised. In all the others, intraoperative or postoperative angiogra-
phy showed complete excision of the AVM with exception of the two patients 
that needed to be re-operated for residual AVM in whom angiography 

Table 1. Early surgical results (1981–2008)

Grade 
(S & M)

No. of 
patients

Good Fair* Poor Dead Major 
M & M

I 101  97  4  0 0  0 %
II 172 160 10  2 0  1.1%
III 186 139 31 15 1**  8.6%
IV 113    72 25 15 1** 14.1%
V    45    15 10 19 1 44.4%

Total 617 483 80 51 3  8.7%

*Minor or moderate neurologic defi cit in immediate postop period not likely to result in 
permanent disability 
**These two patients died from complications related to preoperative embolization
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 subsequent to the second operation demonstrated complete excision. To my 
knowledge, none of these patients has re-bled except for the notable exception 
of a 15 year old boy who had the AVM completely resected as demonstrated by 
postoperative angiography. Two years later he died of an intraventricular hem-
orrhage due to a recurrent AVM.

A brief perusal through Table 1 indicates that Grades I and II AVMs can be 
operated upon with minimal morbidity and essentially no mortality. This has 
been demonstrated repeatedly in almost all of the large AVM series by experi-
enced surgeons. On the other hand, the morbidity with Grade IV and espe-
cially with Grade V AVMs, has been unacceptably high in my hands as it has 
been demonstrated in most other large series. Almost all of the patients with 
Grade V AVMs in my series and many of the patients with Grade IV AVMs 
were operated upon before we did an extensive review of my early experience 
which was reported in 1990 [12]. At that time, I reported that the permanent (all 
patients had at least a six month follow-up and the average follow-up was three 
years) serious morbidity when Grade IV and Grade V AVMs were considered 
together was 17.7% and the mortality was 3.2%. These numbers were sobering 
enough that since then I have been much more conservative with these high 
grade lesions. I believe it is fair to say that this change to a very conservative 
surgical attitude in patients with Grade IV and Grade V AVMs is currently 
shared by the majority of experienced neurovascular surgeons including 
Dr. Spetzler and his group [5]. On the other hand, the excellent results with 
Grade I and II AVMs and with the majority of Grade III AVMs in most series 
confi rms my strong bias towards surgical excision of these lesions. Clearly, 
there are some Grade III lesions, for example, a moderate sized AVM involving 
the primary motor sensory region that should not be operated.

CONCLUSIONS

Cerebral AVMs are complicated neurovascular lesions that require decision 
making by a neurosurgeon with signifi cant experience with these lesions. The 
natural history seems to be similar for AVMs that have bled as for unruptured 
AVMs with exception that the risk of hemorrhage is a bit higher during the fi rst 
year after a hemorrhage. Thereafter, the annual rate of hemorrhage appears to 
be 3–4% annually with an approximate 30% morbidity and 10% mortality for 
both ruptured and unruptured AVMs. In my opinion, the neurosurgeon should 
re commend to the patient unambiguously what he feels is the best option for 
treatment of that particular patient with that particular AVM. Inferior options 
should not be presented as equivalent or alternatives to the “best option”. Ra-
diosurgery is a great advance in the treatment of AVMs and is usually the best 
treatment option for patients with small AVMs that because of their location 
would present unacceptable  surgical risk. I feel strongly that radiosurgery 
should not be presented as an acceptable alternative to open surgical excision in 
relatively young patients in good health with Grade I and Grade II AVMs. 
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 Preoperative embolization can greatly facilitate surgical excision, but it should 
be used only when the combined risk of embolization plus surgical excision is 
lower than the estimated risk of surgical excision alone. In general, emboliza-
tion should not be presented to the patient as an acceptable alternative to surgi-
cal excision in patients with Grade I or II AVMs which can be surgically excised 
with less morbidity than the morbidity of embolization as demonstrated by 
most modern surgical and embolization series. The indications for palliative or 
pre-radiosurgery embolization are very limited and generally restricted to le-
sions that cannot be excised surgically with acceptable morbidity and that 
present clinical or angiographic features suggestive of a considerably higher 
than average risk of hemorrhage. Finally, most Grade V AVMs and many Grade 
IV AVMs should be treated conservatively since they are generally too large for 
radiosurgery, present unacceptable surgical morbidity, can only rarely be com-
pletely occluded by embolization and incomplete embolization, which is risky, 
does not improve and may worsen the natural history.
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INTRACRANIAL CAVERNOMAS
H. BERTALANFFY

INTRODUCTION

Cavernous malformations form between 8 and 15% of all cerebral vascular 
malformations of the brain and constitute circumscribed benign vascular 
hamartomas. From the clinical point of view, these lesions show a great vari-
ability both morphologically and in terms of their behaviour. As the preva-
lence of cavernomas is rather low, it is sometimes quite challenging to decide 
whether an operation is indicated or not.

Many cavernomas are rather small in size (up to 20 mm) and may be well 
accessible even if they are not readily visible on the surface of the brain. Deep-
seated cavernomas, such as those located in the subinsular area or the basal 
ganglia, within the thalamus and particularly within the brainstem, form a 
special subgroup. Apparently, these deep-seated lesions more frequently tend 
to bleed, and because of their highly eloquent location, severe neurological 
symptoms are more likely to occur than in other locations.

RATIONALE

When treating a cavernous malformation of the brain, a clear therapeutic 
goal has to be defi ned. Cavernomas may cause epilepsy in about 30% of 
cases, haemorrhage in about 15%, focal neurological defi cit in 25%, head-
ache in 6%. For clinicians it is important to know that cavernomas may 
appear as an asymptomatic (incidental) fi nding in up to 20% of cases. Treat-
ment may either focus on avoiding or ameliorating epileptic fi ts in the fu-
ture, on evacuating a large or compressing haematoma or, as a prophylactic 
measure, on avoiding future haemorrhages by completely eliminating the 
pathological lesion from the brain. The situation may be more complicated 
in the presence of multiple cavernous malformations within the brain, in 
lesions with high propensity for bleeding or in lesion that perhaps do not 
bleed but clearly increase in size over time. Estimating the risk of haemor-
rhage or re-haemorrhage in a certain specifi c case is one of the great chal-
lenges posed by these vascular malformations and needs many years of 
clinical experience. The coexistence of a venous and cavernous malforma-
tion may additionally complicate the clinical situation, particularly in the 
presence of a very large venous malformation. Moreover, these lesions may 
behave differently in the sporadic form of this disease where cavernomas 

Keywords: brainstem, cavernoma, venous malformation, surgical technique
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usually occur as a solitary lesion and in the hereditary form (found in up to 
20% of cases) where multiple lesions and de novo formations may be 
observed more frequently than in the previous one. In such cases, several 
surgical procedures may be needed over time.

DECISION-MAKING

Due to their specifi c appearance on MRI, cavernous malformations of the 
brain can be diagnosed in the vast majority of cases with high accuracy. Most 
of the lesions, albeit not all, may show a more or less evident surrounding 
zone of hemosiderin-loaded gliosis that can best be detected on gradient echo 
sequences; frequently this marginal zone can also be observed on T2-weight-
ed MR images. In most cases we can estimate the amount of intralesional he-
matoma within the entire pathological mass and this information may be 
quite helpful for the surgeon.

At present, the only effi cient treatment modality for cerebral cavernous 
malformations is total microsurgical removal. Epilepsy caused by a caver-
noma may be treated medically; however, this may not infl uence the risk of a 
new or recurrent haemorrhage. Gamma knife radiation treatment has been 
applied and reduction of bleeding risk has been claimed by several authors 
who applied this treatment. However, according to the available data, gamma 
knife surgery by no means does completely eliminate the risk of re-haemor-
rhage. Additionally this technique, has its own complication rate. As I have 

Fig. 1. Mid-sagittal T1-weighted contrast-enhanced MRI (left) showing a large dorsal pon-
tine lesion composed to a great extent of intralesional hematoma. The cavernoma was 
located predominantly in the superior and anterior portion of the pathological mass. Part 
of the cavernoma is bulging dorsally towards the fl oor of the fourth ventricle. The lesion 
was excised through the rhomboid fossa using the supracolicular entry zone in the right 
paramedian region. The intraoperative photograph (right) shows the cavernoma cavity 
after complete removal and local haemostasis. During surgery the facial colliculus was 
identifi ed and monitored by direct electrical stimulation. The location of the facial col-
liculus is inferior to the cavernoma cavity; the function of the nerve remained intact on 
both sides
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observed in many cases, the pathological lesion may be formed of a high per-
centage of haematoma – sometimes over 90% – while the true cavernous mal-
formation may be small and confi ned to a limited area of the lesion seen on 
MRI (Fig. 1). Applying radiation therapy to the entire pathological mass that 
is composed to a great extent by pure haematoma would require an in-
adequately high radiation dose that still may remain ineffi cient because the 
radiation may not be focused upon the malformation itself.

If the patient presents with acute neurological symptoms and in the early 
stage of bleeding, and if the images show a well-circumscribed and well-ac-
cessible lesion, surgery should be done in the acute stage because this will 
immediately eliminate the local pressure caused by the hematoma and allow 
for safe dissection of the malformation before signifi cant scar formation has 
occurred. If the patient presents in the subacute or stable phase after a fi rst 
haemorrhage, the size, location and particularly the morphologic aspect of 
the lesion are the most important criteria for decision making.

In some cases, an initial rather large haematoma may practically disap-
pear by resorption without any treatment within two or three months, and 
MRI may only show residual hemosiderin or perhaps a small haemorrhage 
cavity but no more active cavernoma. In such cases surgical exploration 
is not indicated and a yearly MRI control is recommendable. I have ob-
served many patients in whom one initial bleeding has not recurred over 
many years and the MRI aspect as described above has remained unchanged 
(Fig. 2).

Fig. 2. T2-weighted axial MRI (left) showing a signifi cant hemorrhagic lesion most likely 
caused by a cavernous malformation within the left posterior thalamus that has caused a 
contra lateral sensory disturbance. Six months later the symptoms had disappeared and 
control MRI (right) demonstrates that the haematoma had been completely resorbed. Apart 
from residual haemosiderin deposits, no active cavernous malformation can be detected; 
there is no indication for surgical exploration in this case
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SURGERY

1.  CHOICE OF THE SURGICAL APPROACH, POSITIONING OF THE PATIENT 
AND CRANIOTOMY

In many cases of intracranial cavernoma the surgeon may have more than one 
option for the surgical approach. Great experience is required to choose the 
optimal approach particularly in deep-seated lesions. An optimal approach is 
one that gives a straight-line access to the lesion with the least impact on the 
surrounding brain and also allows for a certain manipulation around the le-
sion in order to be able to completely resect the vascular malformation.

As cavernomas may occur practically in all areas of the brain, they can be 
accessed in the same fashion as other lesions such as well-circumscribed tu-
mors, etc. Neuronavigation and intraoperative ultrasound are of great help to 
precisely localize the lesion and adequately place the bone fl ap. We have pre-
viously described this technique for lesions located within the subinsular area 
or within the basal ganglia [1, 3]. Apart from the frontal, parietal, temporal or 
occipital access routes to various lesions of the hemispheres, the interhemi-
spheric transcallosal approach was applied to expose intraventricular lesions, 
the pterional or, less frequently, the orbitozygomatic craniotomy have been 
used for hypothalamic or anterior midbrain lesions. Posterior thalamic and 
tectal cavernomas of the midbrain were accessed by the supracerebellar in-
fratentorial approach. The patient was placed either in the sitting or in the 
lateral or prone (concorde) position. Lesions of the cerebellum, pons and me-
dulla were frequently accessed by the midline or lateral suboccipital approach. 
Of particular importance for certain brainstem cavernomas were the subtem-
poral transtentorial and the suboccipital lateral transcondylar routes that give 
access to the lateral aspect of the brainstem (Figs. 3 and 4).

2. EXPOSURE OF THE LESION

Each of the mentioned approaches allows for visualizing a certain area of the 
brain including the brainstem. However, each specifi c surgical window ob-

Fig. 3. Preoperative (left) and postoperative MRI (right) of a 13 years-old female patient who 
presented with a double vision and gait ataxia. The cavernous malformation was removed by 
microsurgical resection via a left-sided infratentorial far lateral approach as shown in Fig. 4
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tained with a certain approach has limits that should be well-known to the 
surgeon. Therefore, in case of a larger lesion, a combination of two different 
approaches can sometimes be useful as we have described at an earlier occa-
sion [1]. Intraoperative guidance with navigation and ultrasound (or both in 
combination) may be most helpful. Nevertheless, these tools should never 
completely replace well-known anatomical landmarks, particularly when op-
erating on a brainstem lesion. Such landmarks may be for instance the exit 
zones of various cranial nerves.

To access a cavernoma through the fl oor of the fourth ventricle requires 
bilateral sectioning of the tela choroidea and posterior medullary velum cov-
ering the inferior fourth ventricle. Suffi cient exposure of the rhomboid fossa 
and visualization up to the aqueduct was always obtained with this technique. 
On the other hand, whenever possible, I avoided accessing the cavernoma via 

Fig. 4. Intraoperative images before (upper left) and during microsurgical resection (upper 
right) of the cavernous malformation located within the lower pons on the left side. Note 
that the malformation is not visible on the surface of the brainstem so that the exact entry 
point has to be defi ned by the surgeon. The region of the exit zones of cranial nerves seven, 
eight and nine was exposed from inferolaterally and the entry zone into the brainstem was 
chosen below the fi bres of the facial nerve and superior to the exit zone of the ninth cranial 
nerve within the pontomedullary sulcus. Cavernous malformation and intralesional hae-
matoma were removed through a small opening measuring not more than fi ve millimetres 
in diameter. The patient was operated on in the sitting position (lower left); the postopera-
tive course was uneventful with good cosmetic result (lower right) and without additional 
neurological defi cits
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the rhomboid fossa because this area is more sensitive than the lateral part of 
the brainstem. If the lesion could be approached equally well from laterally, 
this approach was my fi rst preference as the brainstem tolerates surgical ma-
nipulation better in this area than within the fl oor of the fourth ventricle. 
Particularly facial and sixth nerve functions could better be preserved by us-
ing a lateral entry point. Figures 3 and 4 show the case of a 13-year-old female 
with a lower pontine cavernoma and intralesional hematoma. Although 
accessing the lesion through the rhomboid fossa seemed theoretically possi-
ble, I choosed the lateral approach for the reasons mentioned above. Caver-
noma and hematoma where located entirely intraaxially and were not visible 
on the surface of the brainstem, neither posteriorly nor laterally. I have found 
the pontomedullary sulcus to constitute an ideal access point into the brain-
stem, another “safe” lateral entry-zone in addition to those described by 
Recalde et al. [2]. In my experience, the small area between the exit zone of 
the facial glossopharyngeal nerves on the ventrolateral aspect of the pon-
tomedullary region of the brainstem can obviously be incised over a few 
millimetres without causing any additional neurological defi cits. One has to 
bear in mind, though, that an adequate viewing trajectory can only be ob-

Fig. 5. Preoperative MRI of a 43-year-old female suffering from right-sided hemihypaes-
thesia. The lesion measuring 18 mm in diameter involved the posterior limb of the internal 
capsule and the left thalamus and did not reach the surface of the left insula
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tained using the lateral suboccipital transcondylar approach. This special ac-
cess route allows for suffi cient manipulation in a lateral-to-medial and inferi-
or-to-superior direction as shown in Figs. 4 and 5, so that the lesion can be 

Fig. 6. Intraoperative screen shot from the neuronavigation monitor (left). Neuronaviga-
tion played an important role in determining the optimal trajectory through the posterior 
Sylvian fi ssure to reach the lesion in this specifi c case. The corticospinal tract is shown on 
preoperative MRI with fi ber tracking to be located medial to the lesion with a slight lateral-
to-medial shift

Fig. 7. Postoperative triplanar MRI of the same patient showing complete removal of the 
lesion. There is no reaction as consequence of microsurgical manipulation, neither by the 
transsylvian approach nor within the perilesional area. Accordingly, there were no addition-
al neurological defi cits, and particularly no speech disturbance occurred postoperatively
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completely excised under good visualization. I have used this exposure and 
entry zone into the brainstem successfully in a number of similar cases.

The true value of neuronavigation becomes obvious in cavernous malfor-
mation of the subinsular region as shown in Figs. 5–7. Our technique of in-
traoperative image guidance using a frameless stereotactic system has been 
described in detail [3].

3. MICROSURGICAL DISSECTION TECHNIQUE

Once the lesion has been identifi ed and visualized, the intralesional hemato-
ma should be evacuated as the fi rst surgical step. In some lesions, several sep-
arately encapsulated hematomas may be present; in others an intralesional 
hematoma may totally be absent. The next step should be identifying a clear 
dissection plane between lesion and surrounding brain parenchyma. This can 
sometimes be quite diffi cult as the lesion may be fi rmly adherent to the sur-
rounding tissue due to scar formation following previous haemorrhages. 
These scars often show a yellowish discoloration and may occasionally be of 
extremely high consistency; in such cases precise severing with microscissors 
is required. The plane of dissection must be established in four directions; 
superior, inferior and bilateral. During the procedure, one must always be 
aware of and remain within this plane of dissection that can best be visualized 
with the aid of small cotton pledges. Tiny arteries supplying the malforma-
tion usually appear within this space; they must be coagulated and occasion-
ally divided with microscissors. Tearing the lesion should be avoided as this 
manipulation may harm the surrounding tissue, particularly when working 
within a highly eloquent area. The surface of the dissected malformation 
should then gradually be coagulated and shrunk. Portions of the lesion that 
have already been separated from the surrounding parenchyma can be sharp-
ly excised; gradually, additional space is obtained allowing for safely continu-
ing the dissection within a deeper area until the entire lesion is removed. In 
some cases the caverns of the lesion may lack a surrounding hemosiderin-
loaded gliosis, and the caverns may be hidden within the parenchyma. These 
parts of the lesion deserve our particular attention in order to ensure their 
complete exstirpation. At the end of this surgical step, the lesion cavity must 
be precisely examined under high magnifi cation to ascertain the complete re-
moval of the cavernoma and to obtain meticulous hemostasis by using direct 
bipolar coagulation at a low current intensity alternated by slight irrigation 
with saline solution.

HOW TO AVOID COMPLICATIONS

Complications may be related either to the surgical approach, to the position-
ing of the patient, to anesthesia, to injury of surrounding vessels or brain tissue 



333

INTRACRANIAL CAVERNOMAS

or to inadequate surgical technique. Thus, a great variety of complications may 
theoretically occur. However, in our series of over 300 procedures performed 
for cavernous angiomas in practically all areas of the brain, the complication 
rate remained in a low range (less than 3%) while the surgical mortality was 
0.3%. Minor complications were local wound infections or wound hematomas. 
An early intraaxial rebleeding occurred in one patient harbouring a pontine 
cavernoma. The hematoma was evacuated on the same day and the patient 
eventually had an uneventful postoperative course without additional neuro-
logical defi cits. One patient experienced a hemorrhage within the temporal 
lobe on the left side due to compression of the vein of Labbé while using the 
subtemporal approach. An initial speech disturbance completely resolved 
within the next 14 days.

Generally, an accentuation of pre-existing neurological defi cits or new 
defi cits may occur postoperatively that may not necessarily be considered a 
complication, particularly when such defi cits rapidly recover.

In order to avoid complications after surgery of a cavernoma, I have 
learned over the years to pay attention to a number of aspects:

Carefully selecting the optimal surgical approach• 
Anticipating the surgical window and trajectory obtained with a spe-• 
cifi c surgical approach and verify whether this surgical window is suf-
fi cient in a specifi c case.
Applying intraoperative image guidance for rapid and precise locali-• 
zation of a deep-seated lesion.
Dissecting and separating the vein of Labbé from the temporal lobe so • 
that the brain retractor can be placed below the vein while the patency 
and integrity of the vein can be preserved despite slightly elevating the 
temporal lobe; generally, however, brain retraction should be com-
pletely avoided or at least minimized.
Paying attention to an associated venous malformation that must not • 
be coagulated except for small tributaries that drain the vascular mal-
formation itself.
Using minimal manipulation of the surrounding brain tissue.• 
Establishing a clear plane of dissection between lesion and brain pa-• 
renchyma at the very beginning of dissection.
Favouring the lateral aspect of the brainstem as preferred entry zone • 
whenever possible.
Working under continuous electrophyiological monitoring (SEP, • 
MEP, AEBP, direct cranial nerve EMG).
Avoiding a midline incision in the central area of the rhomboid fossa • 
where the posterior longitudinal fascicles decussate.
Performing a meticulous hemostasis within the lesion cavity at the • 
end of dissection with low intensity bipolar coagulation.
Using a watertight dural closure in order to avoid CSF leakage.• 
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CONCLUSIONS

Complete microsurgical removal of a cerebral cavernoma presently consti-
tutes the state-of-the art treatment of these heterogeneous vascular malfor-
mations. Generally, a symptomatic cavernoma should be treated surgically. 
Occasionally, small cavernous malformations can lead to a signifi cant initial 
intracerebral haemorrhage with subsequent complete resorption of the he-
matoma. In such cases, the only fi nding on control MRI may be a hemosi-
derin spot without clear evidence of an active vascular malformation. Such 
lesions may remain silent over many years following the initial hemorrhage 
and do not require surgery or any other treatment.

Several relevant aspects of cavernoma treatment have been discussed in 
this chapter, emphasizing the importance of the surgical approach and micro-
surgical technique of cavernoma removal. Although modern technical tools 
such as navigation, ultrasound and electrophysiological monitoring play an 
important role in the management of these lesions, the surgeon’s experience 
and anatomical knowledge remain important factors that infl uence the surgi-
cal result as well.
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CAROTID ENDARTERECTOMY
V. BENEŠ

INTRODUCTION

Carotid endarterectomy (CEA) is a means for the secondary prevention of 
stroke that is caused by embolisation from carotid plaques. CEA is by far 
the most thoroughly studied surgical procedure as well as one of the most 
frequently used surgical techniques. Thrombendarterectomy was fi rst per-
formed by DeBakey in 1953. The number of surgeries increased steadily until 
the 1980s when, in the wake of extracranial-intracranial arterial bypass study, 
neurologists fi rst questioned the rationale of CEA. The neurologists recog-
nised that CEA was used to prevent stroke, but that stroke may happen dur-
ing or after CEA as well. At that time the role of distal embolisation was not 
suffi ciently understood and appreciated. The dangers of carotid stenosis were 
seen in terms of a reduction and interruption in blood fl ow. Only later was 
the embolic origin of the majority of strokes fully appreciated and antiaggre-
gant treatment initiated. Such a treatment proved to be effective and thus the 
value of CEA was questioned even further.

Largely at the initiative of neurologists, randomised CEA versus the best medi-
cal treatment protocols were initiated. Altogether, four important studies (NAS-
CET, ECST, ACAS, ACST [3–6]) led the American Heart Association (AHA) 
to postulate indication criteria for surgery. The latest guidelines were published 
in 2006 [11] and recent criteria for CEA are as follows: symptomatic stenosis 
>50%, provided the surgical morbidity/mortality (M/M) rate is <6% and in 
asymptomatic patients stenosis is >60%, provided M/M rate is <3%. Patient 
considered for CEA should have a 5-year life expectancy. This condition is diffi -
cult to establish precisely but should be kept in mind. Research indicates that the 
effect of CEA in women is lower than in men [2] and greater in older patients 
than in younger patients [1].

The trials proved CEA to be a very effective and safe procedure, which led 
to an increase in the number of procedures performed. In the USA, roughly 
100,000 CEAs are performed each year, split nearly evenly between neuro- 
and vascular surgeons. In Europe, the majority of procedures are performed 
by vascular surgeons. It is my strong conviction that CEA could be useful to 
the neurosurgical armamentarium. The neurosurgeons are those with com-
prehensive experience and education in clinical neurology and neuroradiolo-

Keywords: brain, ischemia, endarterectomy, carotid artery, vertebro-basilar 
system
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gy. Moreover, they possess the technical skills and necessary equipment. The 
target of CEA is the brain, not the vessel, and as such, the procedure is in the 
domain of neurosurgeons.

In general, the cerebral vasculature, including the magistral vessels, is very 
complex and the procedures to treat the lesions from aortic arch to distal 
branches of the middle cerebral artery are numerous. Another major impetus 
derives from the endovascular fi eld and nowadays we hardly encounter sten-
otic lesions that are not amenable to some kind of correction. The description 
of various procedures is beyond the scope of this chapter. CEA is by far the 
most common vascular surgical procedure and the general rules of CEA are 
applicable to most of the other stenotic lesions. Neurosurgical involvement in 
the whole fi eld of cerebral ischaemia is both exciting and rewarding.

CEA has not undergone so many technical changes: the basics involve 
longitudinal arteriotomy followed by plaque removal and vessel suture. 
Eversion endarterectomy technique was introduced, indwelling shunts and 
their use were discussed in the past and patching techniques are used by 
some surgeons on a regular basis. Numerous and long-lasting discussions 
exist between those advocating general anaesthesia and those operating in 
local and regional anaesthesia. Overall, it was demonstrated in several studies 
that the results of different anaesthesia techniques are not signifi cantly differ-
ent. Their use depends on institutional and individual experience and customs 
and is actually not that important.

The most important development came in the 1990s from the fi eld of in-
terventional neuroradiology, namely, the carotid stenting procedures (CAS), 
which are now being compared with CEA in several randomised studies. 
None of these randomised studies shows a superiority of CAS, some show 
non-inferiority of CAS as compared with CEA and the majority are not able 
to prove the non-inferiority of CAS. On the other hand, meta-analyses have 
indicated that CEA is superior to CAS in the majority of cases [7, 8].

RATIONALE

The goal of surgery is to eliminate the source of emboli. Carotid bifurcation 
is a predominant location for atherosclerotic plaque formation. Such a plaque 
may be fragile, where the intraplaque material sometimes has a mudlike con-
sistency. As soon as the intimal layer is disrupted, the debris may embolise 
distally into the brain circulation. The tighter the stenosis, the thicker the 
plaque and the higher is the likelihood of embolisation. Clinically, the con-
sequence of embolisations is transient ischaemic attacks (TIAs), both ocular 
and hemispheric, or completed stroke. Not an uncommon fi nding in stroke 
patients is carotid stenosis and embolic occlusion of the M1 segment.

Alternatively, the carotid artery may thrombose, which causes stroke. 
Once occluded, the internal carotid artery (ICA) is seldom the target of ei-
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ther emergency thrombendarterectomy or elective stumpectomy, which is to 
prevent embolisation via collaterals.

1. CLINICAL PRESENTATION

The patients considered for CEA are either asymptomatic or symptomatic. In 
asymptomatic patients the stenosis is diagnosed either accidentally or, more 
frequently, during the targeted evaluation of the patients at risk of athero-
sclerotic cerebral occlusive disease. Symptomatic patients present with the 
whole clinical spectrum, starting with TIAs, hemispheric or ocular, and end-
ing with deep completed stroke. Patients with major ipsilateral completed 
stroke are considered for CEA with some reservations. The symptoms can be 
either relevant to the stenosis in question or relevant to a different territory 
(contralateral carotid, or vertebrobasilar territory). Clinical fi ndings should 
always be evaluated carefully and individually.

2. RADIOLOGICAL WORK-UP

All patients must be subjected to basic radiological work-up, either brain CT 
or MR imaging. Any other than ischaemic lesion must be ruled out and the ex-
tent and “age” of eventual ischaemia must be clearly documented. In the past, 
digital subtraction angiography (DSA) was the most important and only reli-
able diagnostic procedure. Important randomised studies are based on DSA 
fi ndings. However, DSA is an invasive mode of examination and the M/M rate 
of this procedure must be added to the surgical M/M. Recent M/M rates of 
diagnostic DSA do not exceed 1% (0.1% at the author’s institution). In the 
past decade, non-invasive modalities have gradually taken over. Duplex ultra-
sonography (US) is an excellent tool provided the procedure is performed by 
an experienced professional. US is now preferable in screening and post-opera-
tive follow-ups. MR and CT angiography are now frequently used techniques 
in diagnosing and evaluating carotid stenosis. Both these techniques have the 
advantage of displaying the whole vasculature. Actually, the correlation of di-
agnostic methods and actual stenosis as measured on a removed plaque is not 
good. We have studied this problem for several years (supported by grants of 
the Czech Ministry of Health, IGA NR 9435-3). Our fi ndings show that both 
DSA and US signifi cantly underestimate the actual stenosis. CT and MR angi-
ography are now under investigation.

DECISION-MAKING

The decision to treat carotid stenosis is based on AHA guidelines. AHA 
guidelines provide general recommendations based on fi rm scientifi c foun-
dations. The presentation and discussion of AHA guidelines far exceeds the 
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format of this chapter and the reader is therefore recommended to check the 
guidelines directly at http://stroke.ahajournals.org/cgi/content/full/37/2/577. 
However, some patients do not fi t the criteria but still CEA can and, in some 
instances, should be indicated. The most typical example is a stenosis below the 
set value of 50% that is ulcerated and where US shows fragile material and the 
patient suffers repeated TIAs despite the best medical treatment. Another con-
dition is a fl oating thrombus. In such a case the stenosis is negative according 
to NASCET measurements. All indications that do not fi t AHA criteria should 
be strictly individual and based on individual and institutional experience.

1. TIMING

Timing depends on several factors. One factor is the patient’s condition. In 
patients with recent major stroke the procedure should be postponed for an 
arbitrarily set interval of 6 weeks. Another factor is the CT fi nding. In pa-
tients with recent ischaemia on the basis of CT images the surgery should be 
postponed for the risk of haemorrhagic conversion of the infarcted region. 
Again, an interval of 6 weeks is recommended. However, it seems the risk of 
haemorrhagic conversion is not that high and thus the interval of 6 weeks has 
recently been questioned. In patients with TIAs, CEA should be performed 
as soon as possible. One study showed that 23% of major strokes were pre-
ceded by TIAs, and 43% of these strokes appeared within 1 week after the 
initial TIA [10]. Recently, CEA has been recommended within a week after 
TIA: ideally, TIA should be handled as an emergency and consequently treat-
ed by CEA. Unfortunately, this policy exceeds the effi ciency of any recent 
medical system. In asymptomatic patients the timing does not apply.

1.1 CEA versus CAS

The interventional neuroradiologists simply took over the CEA indication 
criteria and applied them to CAS. CAS procedures, especially after the intro-
duction of distal protection, seemed very attractive and promising for both 
patients and physicians. Actually, the general impression a few years ago was 
that these techniques would likely replace CEA. Thus far, this does not seem 
to be the case and, quite surprisingly, randomised trials comparing both tech-
niques have shown either similar results for both techniques or CAS’ inferi-
ority. The last major trial (EVA-3S) was prematurely terminated because of 
CEA’s superiority [9]. The SPACE study could not confi rm the non-inferiority 
of CAS versus CEA [12]. Recently, the M/M rate of endovascular techniques 
exceeded the requirements of AHA, i.e. 6% of the M/M rate in symptomatic 
patients and 3% in asymptomatic patients. The value and possible indica-
tions for CAS should be solved by major ongoing randomised trials (ICSS, 
CREST, ACST-2). At our institution, after the fi rst wave of enthusiasm, CAS 
is currently reserved for patients for whom the general anaesthesia is too risky 
from a medical point of view, for patients with carotid restenosis and carotid 
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dissections, for patients with tandem lesions and for post-irradiation stenosis. 
In unfavourable anatomical situations, CAS is also preferred: in extremely 
obese patients and patients with carotid bifurcation above the C2 level. CAS 
is also used in patients with a contralateral cranial nerve lesion (VIIth, Xth, 
XIIth). These guidelines were set at the present author’s institution after the 
EVA-3S publication; earlier, the choice of treatment modality was more lib-
eral. From 1982 to 2007, 1335 CEAs were performed. From 2001 to 2007, 363 
CAS interventions were performed. In our material CEA proved to be safer 
(Table 1). Apart from carotid stenosis, of which CEA seems to be superior, 
in all other locations endovascular techniques are preferred (vertebral artery 
origin stenosis, intracranial stenosis, etc.).

SURGERY

1. SURGICAL PROCEDURES

1.1 Anaesthesia

All CEAs at the author’s department are performed under general endotra-
cheal anaesthesia with arterial line placement for continuous blood pressure 
monitoring. The controversy between general and local/regional anaesthesia 
is long-lasting and as of yet unresolved. The ongoing GALA trial, however, 
should shed some light on this issue. General anaesthesia has several advan-
tages, including easier surgical manoeuvres, handling of complications and 
easier patient monitoring. On the other hand, clinical monitoring, which is 
allowed by local/regional anaesthesia, is unsurpassed by any other means. It 
seems that local/regional anaesthesia decreases the number of medical com-
plications at the expense of neurological complications.

1.2 Patient positioning

The patient is positioned supine and the head is slightly turned to the op-
posite side and extended. A small pad is placed under the ipsilateral shoulder 
and the arm is extended downwards. The entire operating table is slightly 
(10%) elevated head-wise.

Table 1. CEA and CAS results at the author’s institution

 CEA CAS

Number of procedures 1335 363
Mean age (years) 64 72
30-day morbidity/mortality 2.00% 4.68%
TIA within 30 days after procedure 1.49% 7.43%
Minor complications 10.07% 17.63%
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At this point, the transcranial Doppler (TCD) probes are fi xed in place. 
Somato sensory evoked potential (SSEP) needles are introduced into the scalp 
and electroencephalography (EEG) electrodes are fi xed. Figure 1 shows the 
operation room team position during CEA. The procedure starts once it is 
ascertained that the monitoring system is functioning properly.

1.3 Carotid dissection

The incision runs along the anterior border of the sternocleidomastoid mus-
cle (SCM), never above the angle of the jaw. Skin and platysma are incised 
and along the anterior border of the SCM the dissection proceeds deeper. 
The only traversing structure is the facial vein in the upper third of the 
approach. The vein is ligated and divided. The jugular vein is not dissected 
free; it is merely identifi ed and left untouched. The common carotid artery 
(CCA) is gently palpated at the lower aspect of the wound and the carotid 
sheath exposed. Longitudinally, along the CCA runs the hypoglossal ansa, 
which is mobilised and moved anteriorly. The carotid sheath is then incised 
and the CCA exposed. The dissection proceeds cranially up to the carotid 
bifurcation and external carotid (ECA) and the superior thyroid arteries are 

Fig. 1. Operation room team position during CEA. S Surgeon, aS assisting surgeon, Ne neu-
rophysiologist, A anaesthesiologist, N nurse, M microscope
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exposed to allow the application of the aneurysm clip. Only the self-retaining 
retractors are used throughout the procedure.

At this point, the microscope is introduced and the ICA is exposed as high 
up as needed using microsurgical techniques. Extreme care is taken not to harm 
the cranial nerves. The hypoglossal nerve is running immediately below the 
inferior head of the digastric muscle and its branch: the ansa cervicalis is run-
ning along the artery and at the level of the thyroid gland and curving anteri-
orly. The lower branch of the facial nerve runs transversally above the jaw 
angle in superfi cial layers. To protect this nerve in higher approaches the mi-
croscope is angled and higher up dissection runs only at and below the level 
of the digastric muscle. The lower head of this muscle may be transected, 
which would allow an even higher approach. The ICA is dissected well above 
the plaque, which is either seen at the vessel even from outside or can be 
gently palpated. The handheld retractors used by some surgeons to expose 
the distal ICA are never used for fear of injuring the peripheral nerves (VIIth 
and XIIth).

The ICA is usually positioned slightly lateral and posterior to the ECA. 
However, in some cases the ICA is hidden behind the ECA. The bifurcation 
complex is then dissected free from all the attachments and whole bifurcation 
is rotated using a sling around the ECA and eventual stitches in the adventitia 
are used to rotate the bifurcation.

Any manipulation of the vessels, especially at the level of stenosis, is strict-
ly avoided. The arteries are not completely dissected from their attachment 
to the carotid sheath, i.e. they are dissected free only at points where clips are 
going to be placed. This procedure minimises the manipulation with the ves-
sels and decreases the risk of embolisation.

If at this point in the procedure the SSEPs drop by 50% in three consecu-
tive runs, the procedure is terminated. We have found this the hard way in the 
sense that neurological complications appeared always whenever the SSEPs 
dropped by more than 50% at the dissection phase. Such a decrease in SSEPs 
seems to indicate major distal embolisation. The signifi cance of such an em-
bolisation may not be suffi ciently appreciated on TCD.

1.4 Cross-clamping and endarterectomy

Dose of 5000 units of heparin (protocol at the author’s institution) is ad-
ministered before the clip application, a solution of local anaesthetics is ap-
plied to the region of glomus caroticum locally to block the carotid refl exes. 
The fi rst clip is applied to the ICA, then one each to the ECA and the su-
perior thyroid artery and fi nally to the CCA. The regular carotid clamp is 
used only for the CCA: all other clips are Yasargil aneurysm clips (slightly 
curved in order not to obscure the surgical fi eld). The surgeon now waits 
about 1 minute for the electrophysiologist who closely monitors the SSEPs. 
Only if the SSEPs drop by more than 50% is longitudinal arteriotomy per-
formed and the intraluminal shunt inserted (less than 3% in the last 500 
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surgeries at our institution). If the shunt is used, it is kept in place by a rub-
ber band around the CCA and by the window aneurysm clip at the ICA 
(Fig. 2). The appropriate aperture of the clip is chosen to hold the shunt and 
block any back bleeding from the ICA. If the shunt is not needed, the CCA 
is incised some 2 cm caudally from the bifurcation and the proper plane of 
dissection is found (colour of the vessel wall slightly deeper than the col-
our of the plaque, smooth surface). The plaque is transversally cut in the 
most caudal aspect of the arteriotomy. The plaque is then separated without 
cutting it longitudinally and the arteriotomy proceeds cranially stepwise 
always after the segment of the plaque is dissected free. The arteriotomy 
is slightly lateral to the midline (from the surgeon’s point of vision); espe-
cially at the bifurcation it runs some 3 mm lateral from the upper aspect of 
the bifurcation (Fig. 3). When the cranial end of the plaque is reached, it is 
sharply divided. Lastly, the plaque is dissected from the ECA. Extreme care 

CCA
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P ECAT
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ICAIS

Fig. 2. CEA technique with intraluminal shunt. IS Intraluminal shunt, R rubber band around 
the CCA, C window aneurysm clip at the ICA, P plaque, T superior thyroid artery

CCA

P T
ECA

ICA
L

Fig. 3. Standard CEA technique. P Plaque, T superior thyroid artery, L longitudinal 
arteriotomy
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is necessary when dissecting hard, calcifi ed plaques. In these cases the risk 
of injuring the thinned vessel wall is high and the calcifi ed plaque always has 
fi rmer attachments to the outer vessel layers. Somewhat more comfortable 
is to cut through the plaque to the lumen, cutting it longitudinally until the 
healthy ICA is reached. Dissection then starts on the lateral aspect of the in-
cision at the ICA origin where the proper plane is most easily encountered. 
At the author’s institution, the uncut plaque is removed because it is used in 
a research protocol to compare the morphological stenosis with radiologi-
cal fi ndings. The whole plaque is fi xed and cut transversally, where the slice 
with maximum stenosis is found and used for further studies.

After plaque removal, the whole arteriotomised segment is closely in-
spected and any loose material removed. The vessel wall is repeatedly fl ushed 
with a heparin solution to disclose any remnants. Extreme care is given to the 
distal end of the plaque. All fl aps that are best seen under the jet of heparin 
solution are removed. In case this is not possible, two to four 8/0 tacking su-
tures are used. The stitches are positioned at 6, 9 and 12 hours “looking into 
ICA lumen” (Fig. 4). The 4th fi rm point is the fi rst stitch starting the closure 
(at 3 hours on Fig. 4). If only two stitches are used, these are positioned at 7 
and 11 o’clock. The stitches are introduced from outside of the vessel into the 
lumen and back outside again.

Eversion endarterectomy represents another technique of CEA when the 
ICA is transversally cut, plaque is removed after eversion of the ICA wall 
and the ICA is fi nally sutured to the CCA (Fig. 5). This technique is not per-
formed at the author’s institution.

RP ICA ICA

RP

Fig. 4. Technique to secure the distal end of the plaque. In case it is not possible to remove 
all remnants of plaque in the distal end of ICA and the intima is loose, tacking sutures are 
used. The stitches are positioned at 6, 9 and 12 hours “looking into ICA lumen”. The 4th fi rm 
point is the fi rst stitch starting the closure (at 3 hours). RP Residual plaque
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1.5 Arteriotomy suture

Arteriotomy is closed by the 6/0 running suture that starts at the cranial end. 
By using a microscope and microtechniques, we always have an abundance of 
the vessel wall, which obviates the need for patching. The fi rst running suture 
is tight, short spaced. Before its completion, the ICA is shortly opened and 
fl ushed. Next, the artery is fl ushed with heparin solution. After completion 
of the fi rst suture, the second suture, which is looser, is introduced, usually 
one stitch to each 2–3 of the fi rst suture line. This is done because of the risk 
of suture material rupture. The second suture is for security. More knots are 
used – usually fi ve – and the ends of the stitches are cut longer, some 5–6 mm 
from the knots. Again, this is for security purposes.

1.6 Clip removal and wound suture

After the arteriotomy is closed, the ICA clip is briefl y (1 sec) opened. The clips 
are then removed from the ECA, the superior thyroid artery and the CCA. The 
last to remove is the clip from the ICA. This manoeuvre allows all the potential 
debris to be fl ushed into the ECA territory. If the surgeon is not fully satisfi ed 
with the procedure, direct dopplerometry is used to check the patency and 
disclose any irregularities in the vessels. The critical point is the cranial end of 
arteriotomy, where stenosis or the intimal fl ap may be found. In case of such 
an event (only twice in the last 500 surgeries at our institution), the clips are 
reapplied and the vessel reopened. The most frequent mistake is insuffi cient 
length of the arteriotomy and the ICA dissection is not suffi ciently cranial, in 
which case the end of the plaque may not be reached properly and with the 
suture starting close to the clip the situation may not be suffi ciently appreci-
ated. To correct such a situation, further ICA dissection and a more cranial clip 
position are suffi cient. The arteriotomy can then be suffi ciently prolonged and 
any plaque remnants or intimal fl aps can be handled.

In some cases, kink is appreciated at the end of the plaque and the 
ICA remains kinked even after the endarterectomy is completed. These 

CCA

T
ECA

C P E ICA

Fig. 5. Eversion CEA technique. C Point where ICA is cut, E eversed ICA wall, T superior 
thyroid artery
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kinks are not excessive and usually simple caudal displacement of the bi-
furcation area suffi ces to straighten the kinks. Desired position is secured 
by 6/0 stitches between the CCA adventitia and the muscles (omohyoid, 
sternocleidomastoid).

The heparin is not reversed. Haemostasis is meticulous and any tiny 
bleeding points are coagulated by bipolar coagulation. The arteriotomy usu-
ally leaks a small amount and sometimes even a small jet of blood may be en-
countered. However, this event is not a reason to add extra stitches. Leaking 
arteriotomy is covered for some 3–5 min by muslin soaked in warm Ringer 
solution. Bleeding usually stops spontaneously. Finally, the arteriotomy is 
covered by a small strip of oxycellulose. The suction drain is positioned along 
the vessels and the wound is closed in two layers (platysma, skin).

After dressing the wound, the anaesthesia is terminated and the patient is 
awakened in the OR suite. The patient is then transferred to a semi-intensive 
care unit. Usually, 24 hours later the arterial line is removed and the patient is 
allowed to ambulate. The patient is usually dismissed on the 3rd or 4th post-
operative day.

2. RESULTS

From a technical point of view, the results of CEA are very satisfactory. In 
the long run, restenosis appears in less than 5% of the procedures. There are 
two types of restenosis. First, is the recurrent atherosclerotic process, and 
second, the myointimal hyperplasia. It seems that recurrent stenosis is a far 
more benign process than primary stenosis and it is questionable whether 
some active means should be taken at all. Ultimately, the vessel becomes 
occluded without causing symptoms. However, because the patients are 
followed and restenosis diagnosed in time, the restenosis is usually treat-
ed according to the same criteria as those applied to primary stenosis. In 
the present author’s series over the past 10 years all restenoses are treated 
by endovascular means, either by stenting or by percutaneous transluminal 
angioplasty.

From a clinical perspective, the results, i.e. a serious M/M rate, must be 
compared with the natural course of patients who are treated properly with 
antiaggregants. AHA allows for a 6% M/M rate in symptomatic stenosis and 
a 3% M/M rate in asymptomatic stenosis.

The number of patients needed to treat to prevent one stroke differ ac-
cording to the degree of stenosis and the patients’ symptomatology (Table 2). 

Table 2. The number of patients needed to treat to prevent one stroke

Symptomatic stenosis (NASCET) Asymptomatic stenosis (ACAS)

>70% 50–69% >60%
6 15 67
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In our material of 1335 consecutive CEAs, the overall serious M/M rate (death 
and completed stroke within 30 days after the CEA) was 2.02%. Minor com-
plications constitute another 10%. These minor complications included TIAs, 
various minor medical complications, cranial nerve palsies, hyperperfusion 
syndromes, wound swelling and wound haematomas, infections, etc. For vari-
ous reasons, 3% of our patients underwent revision surgeries.

3. COMPLICATIONS

3.1 Medical

Medical complications depend on the patient population. We are treating se-
riously ill patients, usually in their 6th or 7th decennium. A typical patient 
is one that suffers from the combination of carotid occlusive disease (steno-
sis at relevant bifurcation only is very rare and other sclerotic fi ndings are 
usually found elsewhere), ischaemic heart disease, arterial hypertension and 
diabetes mellitus. Consequently, the patients should be carefully selected and 
prepared for surgery. An experienced anaesthesiologist is far more impor-
tant than the surgeon. He or she must collect all vital information about the 
patient, must be aware of all possible threats in the perioperative period and 
must be well prepared to deal with them effectively. The two possible seri-
ous complications likely to occur are myocardial infarction or cardiac failure 
during the perioperative period and a decrease in blood pressure during the 
perioperative period. A decrease in blood pressure, even a short and minor 
one (some 20 Torr), can cause stroke.

Another very dangerous condition in the immediate post-operative period 
is wound swelling and/or wound haematoma. Wound problems may cause 
breathing distress leading to myocardial infarction or failure with all pos-
sible consequences. As soon as the distress is noted after surgery, the patient 
should be taken back to the OR and the wound reopened, the haematoma re-
moved and haemostasis achieved. If the haematoma is not present, the patient 
is intubated and ventilated for a few days. The sooner the action is taken, the 
better; in other words, the physician must “proact”, not react.

3.2 Neurologic

The most frequent and unwelcome complication from surgery is exactly the 
disaster we want to prevent by surgery, namely, stroke. Stroke can be caused 
by a drop in blood pressure (see above), vessel thrombosis or by embolisa-
tion from the endarterectomised vessel. In case of stroke that is caused by 
thrombosis the patient must return to the OR and the vessel reopened. Any 
deep neurological defi cit appearing in the immediate post-operative period 
is an indication for immediate investigation and revision in selected cases. 
This is an emergency and the success depends on timing. An immediate CT 
scan of the brain is indicated and CT angiography is very useful (if available). 
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TIAs, which appeared in 1.5% of our patients, should be treated as such (a 
single TIA can be considered inconsequential if CT and CT angiography is 
negative).

Hyperperfusion syndrome is characterised by unilateral headache and 
confusion. Close monitoring and maintaining the blood pressure within nor-
mal limits are manoeuvres to combat this condition.

In our series we have seen two typical hypertonic haematomas, both ipsi-
lateral to the CEA and of grave consequences. To prevent intracerebral bleed-
ing from reoccurring, close blood pressure monitoring and management are 
necessary.

3.3 Local complications

Cranial nerve injury. Nerve palsy appeared in 3.93% of our surger-
ies. The most frequently damaged nerve was the XIIth followed by the 
lower branch of the VIIth and recurrent nerve. In the majority of cases the 
palsy was caused by direct damage during surgery. Our experience shows 
that the function typically recovers within months. Inadvertent interruption 
of the nerve is a rare condition. If the surgeon is aware of the problem (in our 
material once in XIIth), the nerve should be sutured. We have encountered 
one permanent recurrent nerve palsy, two VIIth and four XIIth palsies.

Wound. As previously mentioned, wound haematoma and excessive 
wound swelling are potentially very dangerous. Haematoma should be re-
moved and any swelling should be closely followed. Local infections are ex-
tremely rare (we encountered one early in the series).

HOW TO AVOID COMPLICATIONS

1. PATIENT SELECTION

Patients scheduled for CEA are usually generally quite ill, having a combi-
nation of atherosclerotic changes in more than one system. It is therefore 
mandatory to perform an exhaustive pre-operative assessment (e.g., func-
tional cardiac tests and full laboratory battery). It is also necessary to evaluate 
the whole cerebral vasculature in order to determine whether there are any 
other pathological fi ndings. An experienced anaesthesiologist is a conditio 
sine qua non. The anaesthesiologist should see and evaluate the patients well 
prior to the procedure. The fi nal indication should be set by the vascular 
panel composed of all involved specialists. This scheme is the best preven-
tion of post-operative medical complications. However, in very few patients 
surgery is declined. The patients should be prepared for surgery and active 
treatment of any concurrent disease before surgery is mandatory. Since 1999, 
all those patients found unsuitable for surgery were treated by CAS (based 
on SAPPHIRE study-13). In the past 2 years, CAS has been less frequently 
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used, however, and the patients are very thoroughly prepared for surgery in 
general anaesthesia.

2. ANAESTHESIA

Very gentle and smooth anaesthesia is a must, where it is crucial that the an-
aesthesiologist keeps the patient’s blood pressure some 20 Torr above his/
her normal range. Any reduction in blood pressure is dangerous and hence 
should be strictly avoided. An arterial line for continuous blood pressure 
monitoring is mandatory throughout surgery and should continue another 
24 hours post-surgery.

3. MONITORING

Monitoring is essential for selective intraluminal shunting. A decrease in SSEP 
during the dissection phase of surgery should lead to immediate abandon-
ment of the procedure, which, however, could be repeated in a week or CAS 
may be a sensible alternative. If changes in SSEP appear later in surgery, the 
surgeon should work faster and the anaesthesiologist should increase blood 
pressure. TCD backup is helpful but we do not rely on it as the only moni-
toring technique. PostCEA direct dopplerometry is useful in checking the 
endarterectomised segment. Whenever reopening of the vessel is considered, 
it should be done as it could be too late later.

4. DISSECTION AND ENDARTERECTOMY

Sharp dissection with meticulous haemostasis throughout the whole proce-
dure is required. Suffi cient length of the vessels must be dissected free though 
the dissection should not reach caudally beyond the omohyoid muscle (re-
current nerve) and cranially above the angle of the jaw (facial nerve) above the 
lower head of the digastric muscle unless the hypoglossal nerve is dissected 
free. This strategy ensures good orientation within the surgical fi eld and pre-
vents peripheral nerve injury. After plaque removal, extreme care must be 
exercised on removal of all loose remnants. Otherwise, these loose remnants 
could embolise distally into the brain circulation after clip removal. The cru-
cial point is the distal end of endarterectomy; the intima must be smooth and 
any fl ap either resected or fi xed by stitch. This phase is the point where post-
operative thrombosis can start. A meticulous surgical technique is the best 
prevention of post-operative thrombosis.

5. CROSS CLAMPING

Proper sequence of clip application and removal decreases the risk of periop-
erative embolisation.
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6. HAEMOSTASIS

Step-by-step meticulous haemostasis provides the best prevention of post-
operative haematoma and swelling with all the concomitant consequences.

7. HEPARIN NON-REVERSAL

Non-reversal or partial reversal of heparin only diminishes the risk of post-
operative thrombi formation.

8. POST-OPERATIVE CARE

Some 24 hours of close monitoring after surgery ensures early detection and 
proper handling of any possible complication.

CONCLUSIONS

CEA is a rather safe and effective procedure. Its rationale has been proven 
by several major trials and its durability demonstrated over a long period. 
If indicated, and executed properly, it is a very effective method for the pre-
vention of stroke. The risk of stroke, however, is not completely eliminated 
because only a tiny part of the vasculature is treated and the whole underly-
ing process (atherosclerosis) remains unchanged. Thus, there is the need for 
lifelong medical treatment and regular exams.

CEAs should be performed only at institutions with a high volume of pa-
tients and a proven low M/M rate. Surgically, CEA in experienced hands is an 
easy and fast procedure. On the other hand, the patients are usually seriously 
ill with higher than usual surgical risks. Thus, to treat these patients effective-
ly a dedicated team composed of neurologists, internists, anaesthesiologists, 
radiologists and neurosurgeons (vascular surgeons) is necessary.

The above described surgical techniques cannot be dogmatic. They work 
well at our institution, where they were developed and proven over the past 
25 years (the author performed his fi rst CEA in 1982). It has been shown that 
the same results were published with routine use of shunt, routine patching, 
eversion CEA, etc. Further, the monitoring system described here is not the 
only one providing the surgeon with relevant information. General versus lo-
cal/regional anaesthesia is still under scrutiny. Concerning this matter, we are 
awaiting the GALA trial results. The important issues are not small differ-
ences in technique but fi nal clinical results.
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BRAIN REVASCULARIZATION 
BY EXTRACRANIAL–INTRACRANIAL 

ARTERIAL BYPASSES
Y. YONEKAWA

INTRODUCTION

The therapeutic idea of anastomosis of the external carotid artery, or one of 
its branches, with the internal carotid artery above the area of narrowing was 
advocated by C. Miller Fisher in 1951. This was actually realized in another 
way than originally suggested at the cervical region, but in the form of super-
fi cial temporal artery–middle cerebral artery (STA-MCA) bypass  using 
microsurgical technique by Donaghy and Yaşargil in 1967 [22]. Thereafter, 
applications of the revascularization technique have been reported for one 
cerebral vascular territory after the other. It was the international co operative 
study of extracranial–intracranial (EC-IC) bypass, whose fi nal results in 1985 
called the role of the procedure in prevention of further recurrent stroke into 
question [5]. Most neurosurgeons were disappointed at the results then and 
apparently have lost interest in performing microvascular anastomosis. This 
tendency has been enhanced by the development of interventional neuroradi-
ology represented by percutaneous an transluminal dilatation (PTA) pio-
neered by A. Grüntzig in 1979 and later with additional stenting procedure.

However, there are recently signs of a revival of interest in microsurgical 
revascularization, as some studies indicate the benefi t of the bypass proce-
dure in stroke prevention and also the limitation of the endovascular method 
has become gradually evident. In this chapter we present our method of 
revascularization, including indication, technique and results.

RATIONALE

Occlusion or hemodynamically signifi cant stenosis of cerebral  arteries most-
ly due to atherosclerotic process cause symptomatic cerebral ischemia of 
varying severity: transient ischemic attacks (TIAs) or strokes, depending on 
the degree of reduced regional cerebral blood fl ow (rCBF). Clinical manifes-
tation and pathophysiological changes are dependent on inherent collateral 

Keywords: brain revascularization, ischemia, brain revascularization, extra-
intra cranial arterial bypasses
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Fig. 1. 75-year-old female with completed stroke due to left ICA occlusion resulting in in-
farction in the frontal lobe (A). Despite antiplatelet therapy she had further TIAs presenting 
with aphasia and right hemiparesis. The preoperative PET scan revealed decrease of CBF in 
the left hemisphere along with decreased hemodynamic capacity on the Diamox test; there 
was even a steal phenomenon (C). Postoperative angiography showed an excellent fi lling of 
the MCA from the STA-MCA bypasss (B). The patient was asymptomatic and free of TIAs af-
ter the bypass procedure. The 3-month follow-up postoperative PET scan showed increased 
CBF and normalized hemodynamic  capacity except for the infarcted area (D)

A

C

D

B
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 circulation which brings various  hemodynamic, physiologic and metabolic 
situation (Fig. 1). Hemodynamic compromise or hemodynamic failure in 
cases with occluded cerebral arteries is represented on the PET (positron 
emission tomography) images with reduced CBF unaccompanied by propor-
tional reduction in cerebral metabolic rate of oxygen and increase of oxygen 
extraction fraction, namely, misery perfusion [3], or accompanied by reduced 
cerebrovascular reactivity CVR on Diamox loading (Fig. 1). These can be 
detected more or less also by single-photon- emission computed tomography 
(SPECT) [15, 25].

Recurrence of cerebral ischemia has been reported to be around 30–40% 
(this rate has been reported to be approximately halved by the administra-
tion of Aspirin or anticoagulants) in fi ve years and to be more frequent in 
cases with reduced CBF or/and reduced hemodynamic reserve. Klijn and 
coworkers reported in 1997, in review of literature, that patients with symp-
tomatic carotid occlusion and hemodynamic compromise have a higher risk 
of strokes: 12.5%/year for all strokes and 9.5%/year for ipsilateral stroke, 
as compared with 5.5% and 2.1%, respectively, in cases without hemody-
namic compromise [30].

Augmentation of CBF by around 10% obtainable by bypass surgery is 
considered to prevent recurrence of cerebral ischemia in cases with hemo-
dynamic failure, which could not be selected out as a group for the interna-
tional EC-IC bypass study in the 1980s. At that time a  subgroup of the 
Japanese-Asian group under study which mainly consisted of MCA occlusive 
lesions did however show less incidence of stroke recurrence in the surgical 
group, though of no decisive statistical signifi cance [25]. Recently, the newly 
organized Japanese EC-IC trial study (JET) showed the role of bypass in 
stroke prevention in cases with compromised cerebral hemodynamics with 
CBF of <80% and regional cerebrovascular reactivity of <10%, namely, stage 2 
after Powers [15], as inclusion criteria [7]. Better perfusion of the ischemic 
penumbra (16–20 ml/100 g/min) around  an infarcted area by bypass surgery 
has been considered to contribute also to functional recovery, although there 
are still  objections to this view representing the penumbra allegorically as 
“sleeping  beauty” [1, 25].

Moyamoya angiopathy (MMA), discovered in 1955, proved to occur not 
only in Japanese and Asian but also in Caucasian populations (USA, Europe) 
though with less incidence and is known to present mainly with ischemic 
cerebral symptomatologies in accordance with a varying degree of hemody-
namic disturbances [10, 27]. The revascularization procedure has been re-
ported to prevent recurrent cerebral ischemia and neurological deterioration 
due to hypoperfusion or hemodynamic failure and also to prevent intracere-
bral hemorrhage due to rupture of the Moyamoya vasculature or related 
microaneurysms in the basal ganglia, which is another manifestation of MMA 
[8, 27]. The role of bypass surgery in prevention of bleeding has still to be 
defi ned systematically [27]. Indirect revascularization method, using burr 
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holes, dural refl ection, putting arteries or omentum on the brain surface, ide-
as related with the concept of Henschen’s encephalomyosynangiosis de-
scribed in 1950, are not discussed in this chapter in detail though they are 
rather in prevalent use as surgical treatment of MMA. For these, the various 
relevant articles should be referred to [13, 27, 28].

Reconstructive surgery of venous system including venous sinus is beyond 
the scope of this chapter and hence relevant articles should be referred to [17].

Revascularization using microvascular technique to be discussed in this 
chapter is represented with following bypasses (Table 1): the  superfi cial tem-
poral artery STA or the occipital artery OA of around 1 mm in diameter is 
dissected in situ and anastomosed with a cortical branch of the middle cere-
bral artery (STA-MCA bypass or  OA-MCA bypass), with the superior 
cerebellar artery (STA-SCA bypass) or with the posterior inferior cere bellar 
artery (OA-PICA bypass) in accordance with the location of the territory of 
hemodynamic failure. The STA- or OA-MCA bypass are considered to de-
liver 10–20 ml/min fl ow at the beginning of bypass construction and to de-
liver as much as 100 ml/min fl ow after several weeks to months according to 
the need of the ischemic brain territory in question, so that hemodynamically 
 compromised brain can obtain around 10% increase of CBF [16, 25].

Pressure difference between the extracranial artery and the cortical arter-
ies has been reported to be around 20% at normal condition without any 
occlusive lesion and much more consequently in an ischemic brain, so that a 
fl ow reversal from intracranial to extracranial direction cannot take place 
through the newly constructed bypass route [29].

Combination of bypass surgery with therapeutic occlusion of parent artery 
of aneurysms is another indication of the revascularization procedure. A spe-
cial type of revascularization high-fl ow bypass using saphenous vein graft or 
radial artery graft is also dealt with in this chapter.

DECISION-MAKING

Candidates for surgery for prevention of recurrent cerebral ischemia (tran-
sient ischemic attack TIA or/and stroke) must fulfi l all three criteria as 
shown in Table 2. (1) Symptomatology and neurological signs should cor-

Table 1. Representative type of extracranial–intracranial bypass procedure

1. Anterior circulation STA-MCA bypass, OA-MCA bypass, STA-ACA 
bypass, STA-M2-3 bypass

2. Posterior circulation STA-SCA bypass, OA-PICA bypass, OA-AICA bypass, 
OA-SCA bypass, OA-PCA bypass

Interposition graft bypass Subclavia (CCA, EA, C4)-C2 or M2 bypass (high 
fl ow), Bonnet bypass (low fl ow)
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Table 2. Indication criteria of the STA-MCA bypass for the anterior circulation  (modifi ed 
inclusion criteria of the international cooperative study [5] and those of JET study [7])

1.  Clinically: TIA or minor stroke with no or minor neurological defi cits (Rankin 1, 2, 3)

2. Angiographically: a. MCA-M1 occlusion or stenosis (more than 50%)
   b. ICA occlusion
   c.  ICA stenosis (more than 50%) above the mandibulomastoid line

3.  Hemodynamic compromise (identifi ed by PET scan or SPECT): CBF < 80%, 
Acetazolamide loading <10%

hemorrhagic
   infarction

hemorrhagic
   infarction

(rare)

rCBF

rCBF

hemorrhagic infarction

hemorrhagic infarction

(rare)

increased vascular

increased 
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brain edema
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Fig. 2. Pathophysiological time course of an infracted area after Mizukami [14]. With this 
diagram one can understand the pathophysiological process of an infarction is very dy-
namic and complicated within three weeks after the onset, especially at the time of recan-
alization or revascularization
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respond with the lesion but the patients should not have  severe neurological 
defi cits (up to moderate disability of Rankin scale 3) due to the above men-
tioned lesion. (2) Selection criteria of angiographically identifi ed occlusive 
lesions responsible for the ischemia are the same as those for international 
cooperative study for the ICA territory and these can be extended to the 
vertebrobasilar artery territory. (3) Hemodynamic compromise should be 
detected either by H2

15O PET or SPECT (iodine-123-labeled amphetamine 
[IMP] or technetium-99m) with Diamox loading represented typically with 
decreased basal rCBF and reduced reactivity [7, 15, 25].

Revascularization surgery should take place between 3 weeks and 3–6 
months after a stroke. Surgery before 3 weeks after a stroke has been reported 
to have a higher risk of bleeding on revascularization. Contrast enhancement 
of the infracted area on CT scan during the period is considered to indicate 
impaired blood brain barrier (Fig. 2). The period within 3–6 months after a 
stroke is considered to be the one of frequent stroke recurrence.

For MMA patients the selection criteria are the same but the occlusive le-
sion lies typically at the carotid fork or C1 and usually the lesion is bilateral 
combined typically with Moyamoya vasculatures at the basal ganglia (Fig. 3) 
[27]. Hemodynamic compromise is to be detected on PET or SPECT exami-
nation. At a period or stage in which patients have repeated or frequent 
ischemic attacks, surgical intervention should not be performed. In our expe-
rience, revascularization surgery on patients should be postponed more than 
48 hours after a Diamox loading test so that hemodynamic and metabolic 
stability can be more or less regained.

Combination of bypass and Hunterian ligation as treatment for intracta-
ble aneurysms (large and/or giant aneurysms especially at the cavernous 
portion of the ICA or dissecting aneurysms). I believe that the ligation 

A B C

Fig. 3. 9-year-old girl with TIAs. AP view of digital subtraction angiography showing a 
stenosis at the carotid fork (arrow) with typical abnormal vasculature (Moyamoya) in the 
basal ganglia (double arrow). A vault Moyamoya (arrowhead) supplied by the middle menin-
geal artery is also seen (A). Lateral view showing typical stenosis at the carotid fork (arrow). 
Ethmoidal Moyamoya (double arrowhead) supplied by the ophthalmic artery is seen (B). 
AP view of the postoperative digital subtraction angiography showing a well functioning 
bypass supplying the MCA (double arrow) through the STA (C)
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Fig. 4. 74-year-old male suffering from a growing mostly thrombosed giant aneurysm of the left 
ICA (A, B). He underwent the BOT (C), which was well tolerated but associated with asymmetry in 
SPECT (D). He underwent a standard STA-MCA bypass in combination with carotid occlusion just 
distal to the origin of the ophthalmic artery without any postoperative problems (E). The 3-month 
follow-up angiography showed an excellent fi lling of the MCA through the STA (F, G) and shrink-
age of the thrombosed aneurysm (H, preoperative; I, one year postoperative)

A B

C D

E F G

H I
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should be replaced by a trapping procedure (distal occlusion site just proxi-
mal of a branching artery from the parent artery to be occluded) either by 
conventional surgery or by endovascular surgery in order to prevent distal 
propagation of thromboembolism or retrograde refi lling of aneurysms [12, 
32]. Candidates for the construction of a bypass are selected by the follow-
ing criteria based on the endovascular balloon occlusion test (BOT), which 
has replaced formerly used Matas test and tournique test [30]:

 Presentation of ischemic symptomatology such as hemiparesis, speech a) 
and/or consciousness disturbance
Tolerable BOT without neurological change but withb) 

 Asymmetry of radionuclide uptake on SPECT study during BOT 1) 
(Fig. 4)
CBF measurement: less than 30 ml/100 g/min2) 
Transcranial Doppler sonography (TCD): less than 30% fall of 3) 
mean fl ow velocity or less than 20 cm/s
Changes of neurophysiological monitoring with EEG, SEP or 4) 
near-infrared spectrophotometry

Hypotensive challenge at the time of BOT has been reported by some 
groups to be useful for selection of bypass candidates and type of bypasses 
(high fl ow or low fl ow). The treatment algorithm shown in Fig. 5, modifi ed 

Balloon occlusion test (BOT) 

No neurological deficits Neurological deficits 

SPECT with BOT 

AsymmetryNo asymmetry

IC trapping + low flow bypass   IC trapping + high flow bypass IC trapping

Fig. 5. Treatment algorithm with the use of balloon occlusion test (BOT) (modifi ed from 
those suggested by Kawano et al. [4] and Date et al. [9])
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from those proposed by Kawano et al. in 1991 and Date et al. in 2008, may 
also help to select patients and fl ow type of bypasses.

In bypass surgery for aneurysms indication has to be sometimes re-
viewed on individual basis in emergency settings of aneurysm surgery and 
in therapy-resistant vasospasm [12].

Contraindications. Most of the revascularization procedures are carried 
out for the prophylactic purpose, so that preoperative neurological and gen-
eral physical status should not deteriorate after surgery. Items listed in 
Table 3 which were mostly exclusion critera of the international EC-IC by-
pass study can be considered as contraindication.

SURGERY

1. BYPASS SURGERY FOR ANTERIOR CIRCULATION

1.1  Operative technique of the standard the STA-MCA bypass (Fig. 6)

Under general anaesthesia, the head is fi xed with a Mayfi eld apparatus in su-
pine position with slight elevation of the shoulder on the side of surgery with 
insertion of a cushion underneath, so that the plane of the squama temporalis 
as horizontal plane comes at the top of the operative fi eld. To be cared for are 
the turning and fl exion-defl exion of the head with due regard to cervical 
spondylosis, venous return and endotracheal tube. Arm rest is indispensable 
for performance of microvascular surgery.

Dissection of the STA
After the scalp to be operated has been shaved, one assesses, guided by Dop-
pler sonography, the course of the STA parietal branch and also the frontal 
branch if necessary. One may dissect the STA with a diameter of around 1 mm 
in the skin fl ap after refl ection of a question mark incision as originally 
described. The STA can be dissected also under a linear incision for a length 

Table 3. Contraindications and/or conditions in which bypass surgery should not be 
performed

a. cancer other than skin cancer (including lymphoma, leukemia)
b. renal failure (BUN > 50 mg%)
c. congestive heart failure (past or present)
d. severe hepatic or pulmonary disease constituting anesthetic risk
e. stroke acute stage less than 3 weeks after the onset.
Furthermore
f. blood sugar > 300 mg%
g. diastolic pressure >110 mmHg
These should be brought into the normal range and stabilized before surgery
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of 8–10 cm. The  arterial dissection is done including periadventitial tissues so 
that it can be performed quickly and atraumatically protecting arterial walls 
within it. After having cut the temporal musculature along its fi bre direction, 
the squama temporalis is exposed by spreading the cut muscular line.

Craniotomy
The center of the craniotomy is placed at a point about 6 cm cranial to the 
porus acusticus externus. This point is supposed to correspond with the end 
of the Sylvian fi ssure, from which branches of the MCA with a diameter of 
about 1 mm emerge onto the cortical surface. These arteries are the angular 
artery, posterior parietal artery or posterior temporal artery and suitable as 
recipient artery for end-to-side microvascular anastomosis with the dissected 
parietal branch of the STA as donor.

An alternative method is to use 3-D CT angiography or MR angiography 
for navigation to the location of the target cortical artery and perform a crani-

A

B C

Fig. 6. Standard STA-MCA bypass. A Dissection of the STA from the skin fl ap. Frontal branch 
can be included also in the fl ap in case of necessity of its use [22, 29]. B Positioning of the 
head and dissection of the STA parietal branch by linear incision. C Completed STA-MCA bypass 
after a small craniotomy with its center placed 6 cm cranial to the external acoustic porus.
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otomy accordingly [11]. One burr hole is placed  just caudal to the sutura 
squamosa and from this hole a small bone fl ap of around 3 cm is sawed out 
towards cranially so that the above mentioned cortical arteries can be dissected 
after dural opening [25, 29].

End-to-side microvascular anastomosis
After having opened the arachnoidea, one of the cortical arteries of around 
1 mm in diameter in the operating fi eld is dissected in a length of 1 cm, with 
several tiny branches of the artery being coagulated and cut. A rubber dam is 
inserted between the cortical surface and the dissected segment of the cortical 
artery for the isolation of the latter. After the segment has been closed with 
temporary mini-clip at its proximal and distal ends, a longitudinal arterioto-
my or an elliptical arteriotomy for a length of 1.0–1.5 mm is done on the su-
perior surface of this  recipient artery.

The cut end of the already dissected STA is brought over onto the 
 recipient artery. The lengths should be optimally redundant to  enable the 
whole anastomotic procedures and its torsion and strangulation should be 
avoided. After its temporary occlusion at the proximal part and irrigation 
of the lumen with heparin solution  (1000–2500 IU/100 ml saline), the peri-
adventitia is peeled off at its distal end and made ready for the anastomos-
ing procedure. The end is cut so that the diagonal diameter corresponds 
with the opening of the recipient artery mentioned above. An end-to-side 
anastomosis is accomplished usually with 8 interrupted sutures with a 
10-0 monofilament Nylon thread after the method  described elsewhere 
for the laboratory training. This procedure needs around 20–30 minutes. 
This duration of blood flow interruption at the segment is considered ac-
ceptable and of no harm to the corresponding perfusion territory of the 
brain.

In MMA patients, especially in children, the cortical arteries are as small as 
0.5 mm in diameter, so that around 6 sutures with a 11-0 monofi lament are 
enough to complete an end-to-side bypass.

After the suture line has been checked, the temporary clips are transiently 
opened one by one, at fi rst those applied to the cortical artery and then those 
at the STA. This procedure serves to check for the necessity of additional 
sutures around the anastomotic suture line and also to seal it. After comple-
tion of anastomosis by defi nite removal of the temporary clips and the rubber 
dam, the patency is checked representatively by micro-Doppler sonography 
or other methods such as fl uorescence angiography, thermal clearance Peltier 
stack, or infrared probe, etc. We are using micro-Doppler sonography for its 
practical convenience and reliability.

Closure of the craniotomy
After oxycellulose has been applied around the suture line, the dura is ap-
proximated and closed not necessarily watertight but replacing the air with 
saline as much as possible. Strangulation of the donor STA is to be avoided at 
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the time of bone replacement and muscle fascia and skin closure. Neither 
epidural nor subgaleal drainage is necessary.

As a modifi ed method, the STA can be anastomosed with M2 or M3 by 
opening the Sylvian fi ssure, for example, at the time of aneurysm surgery, so 
that the frontal branch of the STA should always be included and kept intact 
in the skin fl ap [12].

Peri- and intraoperative management and follow-up
Anticoagulant therapy and or Aspirin therapy should be discontinued prior 
to surgery, mostly 3 days before. We are doing surgery rather under some 
infl uence of such therapy in order to prevent thromboembolism cerebral as 
well as cardiopulmonal. Appropriate hydration is necessary and dehydration 
is contraindicated. In MMA patients, CBF measurement examination with 
Diamox loading should have been completed more than 48 hours before sur-
gery. Period of instable cerebral hemodynamics manifested with frequent 
TIAs especially in MMA patients should be passed over by administration of 
Dexamethasone and surgery shoud be carried out in stable situation.

Under general anaesthesia the patient is put on controlled respiration. 
pCO2 is kept usually around 40 mmHg; both hypercapnea and hypocapnea 
should be avoided especially in MMA patients.

Postoperative blood pressure is kept in normal pressure range, especially 
systolic pressure is kept under 160 mmHg. Prophylactic antiepileptics is consid-
ered to be not necessary but prophylactic antibiotics is given intravenously only 
during surgery. Aspirin can be administered again after 24 hours postoperatively. 
Oral anticoagulant therapy can be resumed after a week. Patency of the bypass 
is followed up by Doppler sonography and whole postoperative follow-up he-
modynamic check with angiography and water PET is done in 2–3 months 
postoperatively.

1.2 The STA-ACA bypass (Fig. 7)

As a special type of bypass procedure for the anterior circulation, the STA-
ACA bypass is mentioned here. This bypass is indicated classically for MMA 
patients in which the ACA territory is hemodynamically compromised or for 
patients with large or giant aneurysms of the anterior communicating artery 
in which fl ow of the distal ACA is compromised by a clipping or coiling pro-
cedure. The frontal branch of the STA is anastomosed classically with the 
middle internal frontal artery (MIFA) at the medial corner of the frontal cor-
tex located anterior to the coronal suture. Usually the end of the dissected 
frontal branch of the STA in its whole length at the frontal skin fl ap is long 
enough to reach the midline after stretching its curved and serpentine course 

Fig. 7. STA-ACA bypass. A In MMA, the STA-ACA can be combined with STA-MCA bypass as 
illustrated. In this case, the interposition graft is taken from the distal STA (arrow). Bc, Bd 
Use of interposition saphenous vein graft in a patient with ACA occlusion (Bab)
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and to anastomose with the MIFA. Otherwise, an interposition graft using a 
segment of the parietal branch of the STA, of the superfi cial temporal vein or of 
the distal saphenous vein is put between the MIFA and the end of the frontal 
branch [21].

1.3 Bypass surgery for posterior circulation

Bypass surgery for the posterior circulation is indicated as in the anterior 
circulation: prevention of recurrent stroke in the vertebrobasilar territory in 
cases with atherosclerotic occlusive lesion with hemodynamic failure or ma-
jor arteries in the territory being compromised at the time of surgical or en-
dovascular management of large or giant aneurysms.

The STA-SCA bypass (Fig. 8)
STA-SCA bypass surgery was initiated by Ausman in 1978 [2]. The technical 
outline is as follows [24]: After induction of general anesthesia and intubation, 
spinal drainage is put in order to reduce the temporal lobe retraction. The head 
and body position is the same as described above for the standard STA-MCA 
bypass. The STA parietal branch is dissected by linear skin incision up to the 
periphery for more than 10 cm to enable the end to reach the SCA in the depth 
for the performance of anastomotic procedure. The skin incision is  extended 
curvilinear posterocaudally down to the posterior part of the mastoid process. 
The temporal craniotomy should be larger than 4 cm in diameter: anterior to 
the origin of the zygomatic arch, posterior to the sigmoid transverse sinus 
junction, caudal just above the porus acusticus externus. Then the temporal 
base including the outer portion of the pyramid is drilled away caudally down 
to the very basis in order to get a wide enough operative fi eld. The mastoid cells 
may be partly opened inbetween and these should be closed meticulously with 
bone wax and fascia at the time of craniotomy closure. This procedure to-
gether with the above mentioned spinal drainage enables to perform the bypass 
procedure in the depth without excessive retraction of the temporal lobe and to 
minimize injury to the vein of Labbé. A small incision is made to the tentorium 
about 1 cm medially from the transverse sigmoid junction so that the superior 
surface of the cerebellum is exposed. The incision is extended toward the ten-
torial edge just 1 cm posterior from its attachment to the pyramid tip and the 
cut end of the tentorium is refl ected. This procedure together with opening of 
the perimesencephalic cistern enables to expose the proximal part of the SCA 

Fig. 8. STA-SCA bypass. A Illustration of the craniotomy and bypass procedure at the oper-
ating fi eld by cutting the tentorium. B 56-year-old male underwent STA-SCA bypass due to 
basilar stenosis (B1) which turned out as occlusion on the 3-week follow-up angiography 
without any neurological deterioration. The bypass was patent (B2). The 3-month follow-up 
angiography on neurological deterioration showed patent bypass but propagation of throm-
bosis further distally up to the branching site of the anterior inferior cerebellar artery (B4). 
MRI showed pontine infarction (B3) but the patient could recover to Rankin 3



369

BRAIN REVASCULARIZATION

A

B

B2B1

B4B3



Y. YONEKAWA

370

and its branches along with the trochlear nerve. There are practically no tiny 
branches to be sacrifi ced at the time of SCA dissection for the anastomosis. 
Further procedures are principally the same as for the above end-to-side 
anastomosis for a standard STA-MCA bypass. One has to be well trained to 
 perform microvascular anastomosis in the narrow depth with longer micro-
instruments. The technique can be learned and obtained only at the microsur-
gical laboratory and by cadaver dissection [23, 26].

The  OA-PICA bypass by paramedian transvertebralis ring approach (Fig. 9)
OA-PICA bypass surgery was initiated by Khodadad in 1976 [2, 24]. Dis-
section of the OA usually of 1 mm in diameter is done, according to the 
early papers, from the curvilinear skin fl ap and on its refl ection from the 
periphery towards the medial portion of the mastoid process and anasto-
mosed with the caudal loop of the PICA after a unilateral suboccipital 
craniotomy. It is known that dissection of the OA is somewhat laborious 
and time consuming as compared with that of the STA. It has many tiny 
branches to be coagulated and cut, runs into the subcutaneous fatty tissue at 
the periphery and deep into the muscle layers proximally. Surgery in the 
sitting position has been recommended to be rather avoided for frequented 
complications according to Khodadad himself. Our experience, however, is 
different and we consider the position to be suitable for performing this 
revascularization surgery, as the operative fi eld is clean without accumula-
tion of CSF or blood. The difference might come from our routine use of 
the sitting position. In our department, the operating team and the anaes-
thesiologist know when to be careful and how to manage the problematic 
situations from an experience of more than 200 surgeries in the sitting posi-
tion per year.

The head is fi xed with Mayfi eld’s three-point pin apparatus rotating 
ca. 30° turned to the operating side and fl exed ca. 20° in the sitting position. 
After having checked the course of the OA with Doppler sonography, sur-
gery is initiated by a linear skin incision over the OA followed by dissection 
of the OA down to the medial corner of the processus mastoideus. The 
squama occipitalis is exposed by splitting and spreading the nuchal muscles. 
After a paramedian suboccipital craniotomy with a diameter of 4–5 cm reach-
ing down to the foramen magnum preferably followed by a partial condylec-
tomy, the dura is opened longitudinally. The dural ring of the vertebral artery 
is thus exposed. Hemilaminectomy of C1 is not necessary. The arachnoidea 
of the cisterna magna is opened at its lateral corner. The PICA’s caudal loop 
or lateral medullary segment of 1 mm in diameter comes directly into view 
after just elevating the cerebellar tonsil. The subsequent anastomosing proce-
dure between the cut end of the OA and the PICA segment is the same as 
described above. Closure of the craniotomy should be done carefully to avoid 
strangulation of the donor OA, as muscle layers to be closed are thick to close 
after the bone replacement.
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The OA-SCA and OA-PCA bypass by supracerebellar transtentorial approach 
(Fig. 9)
The supracerebellar transtentorial approach in the sitting position has been 
reported by us in 2001 [31]. The OA is anastomosed either with the SCA or 
with the posterior temporal artery of the PCA. Dissection of the OA as long 
as possible is performed by linear incision in the same manner as described 
above. After a paramedian craniotomy, space between the tentorium and the 
cranial surface of the cerebellum is obtained by sacrifi cing one or two bridg-

A B

a

c d

e

b

Fig. 9. OA-PICA bypass. A Illustration of the bypass by linear incision along the dotted line 
(see text). B 50-year-old male with both vertebral artery (VA) occlusion (a and b, arrow) and 
with hemodynamic compromise at the left PICA territory (c, arrows) underwent left OA-PICA 
bypass. The 3-month follow-up examination displayed a patent OA-PICA bypass (e, arrow) 
with improved hemodynamic capacity on the left cerebellar hemisphere (d)
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Fig. 10. OA-SCA and OA-PCA bypass. A Illustration of the bypass procedures via para-
median suboccipital craniotomy by linear incision. Note the tentorium is incised in both 
bypass procedures. The SCA and its branches are found just at the anterosuperior corner 
of the lobulus quadrangularis. The posterior temporal artery and its branches are found at 
the junction of the parahippocampal gyrus and lingual gyrus on the tentorial incision. B 21-
year-old female with dysplastic ICA plus MCA occlusion on the left side (a, b) combined with 
aplasia of the left VA (c). The basilar artery was not opacifi ed via the right VA. MRI did not 
show any abnormal fi ndings. On the basis of PET fi ndings the patient underwent STA-MCA 
and OA-SCA bypass. The 3-month follow-up examination demonstrated patency of both 
bypasses (g, h) with clinical improvement of cessation of vertigo attacks and hemodynamic 
improvement on PET scan

ing veins between them. The arachnoid of the cisterna magna is opened at its 
lateral corner for the purpose of CSF drainage beforehand, so that the men-
tioned space can increase. The tentorium is incised from the midway towards 
the tentorial notch. This procedure enables to obtain a spacious operative 
fi eld and to obtain a cortical branch of the PCA as recipient artery around the 
corner of the parahippocampal gyrus and the lingual gyrus. The SCA mar-
ginal branch can be found together with the trochlear nerve at the cranio-
anterior margin of the lobulus quadrangularis. The tentorial incision is done 
also for the OA-SCA bypass as this procedure brings about a more spacious 
and better illuminated operative fi eld.

Fig. 11. Bypass fl ow vs. recipient diameter [30]
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This type of bypass to the PCA does not need the use of the PCA trunk 
itself as in the STA-PCA interposition graft bypass [20], so that the possible 
complication of hemianopsia or hemiparesis can be avoided.

The end-to-side microvascular anastomosis is done in a similar fashion 
with long microinstruments as described above. The advantage of this pro-
cedure is again a clean operative fi eld. The disadvantage of the sitting posi-
tion, mainly the risk of air embolism, can be managed and overcome through 
experience of the anesthesiology team and operating team as mentioned 
above.

1.4 High-flow bypasses

While a usual bypass, that is, a low-fl ow bypass, can carry 10–20 ml/min 
blood fl ow just after its construction, a high-fl ow bypass can carry around 
100 ml/min. This volume depends not only on the calibre of the donor or 
interposition graft vessel but mostly on that of recipient vessel (Fig. 11). Large 
calibre of donor or interposition graft can be gained with a saphenous vein or 

B
A

C
D

E

Fig. 12. High-fl ow venous graft bypass between the right common carotid artery and the 
MCA (M2). 58-year-old male with right ICA occlusion (A) with an extensive infarction on the 
right hemisphere (B) underwent this bypass surgery, as the STA as donor artery was not avail-
able. After an uneventful postoperative course, sudden neurological deterioration occurred on 
the 3rd postoperative day. The CT scan displayed bleeding into the infarcted area along with 
hematocephalus (C); and digital subtraction angiography, a patent high-fl ow bypass (D, E)
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radial artery graft. One has to know that the length of a graft with blood fl ow 
would expand by around one-third as compared with an empty graft without 
blood fl ow.

Saphenous vein graft and radial artery graft (Fig. 12)
The saphenous vein is usually dissected at the medial side of the lower leg, 
beginning at the level of the maleolus medialis towards cranially up to the 
medial corner of the knee joint through a linear incision. We prefer harvest-
ing this distal part of the saphenous vein to the proximal one of the upper 
thigh, as the calibre of the former is more suitable for anastomosis with in-
tracranial arteries. For its dissection at a suffi cient length, small tiny branch-
es are coagulated and cut meticulously and the larger branches are closed 
with thread ligation or with metal clips. After blood remaining in the lumen 
of the harvested vein has been fl ushed, the segment is fi lled with heparin 
solution and preserved until its use slightly distended with temporary clips 
at both ends. Skin is closed in layers and then bandaged with slight com-
pression. The graft may contain some venous valves which do not need to 
be removed as the graft is put according to the direction of the fl ow at the 
time of interposition. The proximal vessel to be anastomosed could be the 
subclavian artery, common carotid artery, proximal external carotid artery 
or C5 (after anterior perosectomy) and the distal one C2 (after selective 
anterior clinoidectomy), M2 or M3 portion of the MCA by opening the 
Sylvian fi ssure. This venous graft is used also as low-fl ow bypass to cortical 
arteries with diameters of 1 mm in which some technical diffi culties of mi-
crovascular anastomosis due to a difference in graft and recipient artery 
calibre have to be overcome.

The radial arterial graft has been used also for the purpose of high-fl ow 
graft. The size of the cut end is just that of the M2 portion (2–2.5 mm in 
diameter). After tolerated Allen test, a graft as long as 20 cm can be har-
vested without compromise of blood supply to the forearm and volar 
portion of the hand. In comparison with the saphenous vein graft, the fol-
lowing advantages and disadvantages can be pointed out for the radial ar-
tery graft.

Microvascular anastomosis on artery is easier to perform due to less 1. 
distensibility and to more rigidity of the arterial wall than that of ve-
nous wall.
Torsion and kinking of the graft can easily be prevented.2. 
Graft dissection is easier.3. 
Length of the graft is rather limited.4. 
Because of the graft’s arterial nature, problem of atherosclerotic change 5. 
is  possible.

In spite of the advantages of the arterial graft over the venous graft, I prefer to 
use the venous graft from the practical point view of easier availability.
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Use of high-flow graft in various bypass procedures
A high-fl ow graft is used for the following bypasses:

Between extracranial supraaortic arteries such as common carotid and 1. 
subclavian artery as in the subclavian steal syndrome
C5 to C2 bypass as in large and giant aneurysms in the ICA cavernous 2. 
portion [6].
Subclavian artery, common carotid artery or external carotid artery 3. 
to C2 or M2 as in intractable large or giant aneurysms in the ICA or 
MCA.

Although innovative techniques such as the use of excimer laser-assisted 
nonocclusive anastomosis for the construction of a high-fl ow bypass have 
been reported, in which no temporary occlusion of the recipient artery is 
necessary [19], the standard method with the use of microsutures of 8-0 to 
10-0 monofi lament under temporary occlusion of the recipient artery for 
around less than 30 min is still in wide practical use. Temporary occlusion of 
such duration is considered to be acceptable under general anesthesia with 
controlled hemodynamics and administration of neuroprotective drugs such 
as mannitol and barbiturate, and also with the use of mild hypothermia in 
extreme cases.

LONG-TERM RESULTS AND COMPLICATIONS

Microsurgical revascularization procedures was performed as follows during 
the period from 1993 through 2007 at the department of neurosurgery, Uni-
versity Hospital Zürich: 203 patients underwent 277 microvascular revascu-
larization procedures: atherosclerosis 93 cases, MMA 47 cases, aneurysms 57 
cases (50% intractable large or giant aneurysms, 40% emergengy bypass and 
10% intractable vasospasm) and skull base tumors 6 cases. Most cases under-
went revascularization to the territory of the MCA, 34 cases to the territory 
of the ACA and 13 cases to the territory of the posterior circulation. Multiple 
bypass procedures were necessary in most of the MMA patients followed by 
patients with atherosclerosis.

Bypass patency rate examined by follow-up angiography was 87%. Al-
though the stroke recurrence rate in our recent series is still under investiga-
tion, the annual recurrence rate is expected to be around 2% (vs. 5% in con-
servative treatment) from our previous experience [25].

Major complications are listed in Table 4 and direct postoperative mortal-
ity was in 3 cases. Two cases of extensive ischemic swelling are cases of aneu-
rysms: one is with symptomatic giant ICA aneurysm. ICA occlusion was 
interpreted as tolerable on BOT but with some asymmetry on SPECT, so that 
normal STA-MCA bypass was combined with therapeutic ICA occlusion. 
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The patient died of extensive infarction in spite of subsequent decompressive 
craniotomy. The other patient was with ruptured giant anterior communicat-
ing aneurysm presenting with grade IV. One ACA had to be occluded at the 
time of radical clipping so that STA-ACA bypass was combined. The patient 
died of infarction and diffuse swelling due to SAH. The third case was a case 
of bonnet bypass [18] with the use of the brachio-cephalic vein as interposition 
graft. The patient expired 3 weeks after surgery due to cardiopulmonary fail-
ure. Postoperative ischemic complication in MMA patients was encountered 
in three cases. In another case of MCA stenosis of atherosclerosis, new ischemia 
was encountered at the basal ganglia originating in compromise of a lateral 
lenticulostriate artery due to conversion of MCA stenosis to occlusion after 
bypass procedure. Such conversion of stenosis into occlusion after bypass sur-
gery with or without neurological deterioraton has been infrequently reported 
also in the vertebrobasilar territory. These should be kept in mind. Other com-
plications were related to hemorrhage. One was a case of infarction which 
changed into hemorrhage three days after the construction of a common 
 carotid–M3 high-fl ow bypass using a long saphenous vein graft (Fig. 12). The 
other cases are more or less related with antiplatelet or anticoagulant therapy: 
epidural and subdural hematomas.

HOW TO AVOID COMPLICATIONS

Complications can be classifi ed into four groups:

ischemic complication1. 
hemorrhagic complication2. 
cardiopulmonary complication3. 
minor complication such as wound healing problems,  infection, CSF 4. 
rhinorrhea, epileptic seizures, etc.

Strict attention should be paid to the following important items at periopera-
tive care and management.

Table 4. Complicationsa

Major complications (overlapped):
 Extensive infarction – insuffi cient fl ow 2 cases*
 Infarction – hemodynamic instability in 3 MMA cases
 Infarction – conversion from stenosis to occlusion 1 case
 Intracerebral hemorrhage into infarcted area 1 case
 Epidural subdural, intracerebral hematoma 3 cases
 Subdural hematoma-effusion 2 cases
 Cardiopulmonary insuffi ciency 1 case*
a Asterisk indicates mortal cases (total, 3)
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Good hydration. One of the most important things in the perioperative 
care is considered to be appropriate hydration. It is easy to understand that 
combination of hemoconcentration plus low perfusion can enhance the risk 
of rheological deterioration of the hemodynamic situation easily resulting in 
ischemia. This might be one of the reasons that cases with misery perfusion 
have also an elevated risk of ischemia.

Normotension. Excessive postoperative hypertension or hypotension 
should be avoided. We had some cases in the past in whom cerebellar hemor-
rhage complicated due to postoperative hypertension [25]. Hypotension 
would induce rheological deterioration and hence ischemic complication.

Normocapnea. Hypercapnea or hypocapnea must be avoided especially in 
MMA patients. Intraoperative regulation of pCO2 around 40 mmHg is con-
sidered to be optimal in MMA patients and cases with atherosclerotic lesion. 
Diamox loading test is a good and simple procedure to fi nd out hemody-
namic failures but may induce metabolic acidosis and hypovolemia. Aggres-
sive intervention of bypass surgery should be postponed until 48 hours after 
the test.

Complication of subdural hematoma has been observed in cases with in-
farction of considerable size and postoperative subdural air accumulation 
would turn to subdural effusion and then to hematoma under the necessary 
medication of antiplatelet agent [25]. Therefore, we are recommending to 
drive out subdural air by replacing it with saline as much as possible at the 
time of dural closure and bone replacement. Use of a linear incision for donor 
artery dissection instead of that in the skin fl ap seems to reduce the problem 
of wound healing and the method would reduce duration of surgery.

CONCLUSIONS

State-of-the-art of microvascular intracranial revascularization procedures for 
both the anterior and the posterior circulation, indication, technique and re-
sults have been outlined. Negative results of international cooperative study of 
the procedure in stroke prevention would not justify to abandon the technique. 
We now are relatively sure that the procedure is effective in stroke recurrence 
prevention in the group of hemodynamic compromise. This procedure can be 
extended for the treatment of MMA, aneurysms and some skull base tumors in 
combination with other surgical or endovascular treatment.

Technique of revascularization microsurgery can be obtained only by 
microsurgical training in the laboratory [22, 23, 26]. Prerequisite for its clinical 
use is a 100% patency rate obtained at any perfor mance of an end-to-end or 
end-to-side anastomosis of vessels with a diameter of 1 mm in the laboratory.
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MANAGEMENT OF INTRACRANIAL VENOUS 
PATHOLOGIES – POTENTIAL ROLE 

OF VENOUS STENTING
J. D. PICKARD

INTRODUCTION

The anatomy and physiology of the cerebral venous system has received 
much attention. Through trial and error, the rules for safely dealing with the 
local venous drainage in various surgical approaches are well established. 
Many pathologies affect the cerebral venous system including

Traumatic injury to the major dural sinuses• 
Carotico-cavernous fi stulae• 
Dural arteriovenous fi stulae• 
Developmental venous anomalies• 
Arterial venous malformations• 
Meningiomas involving the dural sinuses• 
Pineal and glomus tumors• 
Cerebral venous thrombosis• 
Pseudotumor cerebri syndrome (PTCS, benign intracranial hyperten-• 
sion (BIH), idiopathic intracranial hypertension (IIH))
Giant arachnoid granulations.• 

Through study of PTCS, it is now becoming recognised that some patients have 
venous sinuses that reversibly collapse in the face of raised cerebrospinal fl uid 
pressure. Venous stenting was recently developed by Higgins et al. in Cambridge 
to help some of these patients and has subsequently proven to be of value in 
managing challenging lesions within the venous sinuses presenting with raised 
CSF pressure such as meningiomas and giant arachnoid granulations.

This chapter will focus, fi rstly, on the general principles of protection of 
venous drainage during surgery for many different conditions and, secondly, 
on the potential of the recent advance of venous sinus stenting.

RATIONALE

Careful consideration needs to be given to the local venous drainage when 
planning and executing most microsurgical approaches to the brain and base 

Keywords: intracranial venous pathologies, benign intracranial hypertension,  
venous shunting
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of skull. Comprehensive accounts of the relevant anatomy and congenital 
variations are widely available. Sindou and Auque have provided a helpful 
account of which venous structures are “dangerous” to sacrifi ce including the 
mid third and posterior third of the superior sagittal sinus (SSS), the lateral 
sinus where it is dominant, the large calibre midline afferent veins to the SSS 
(including Trolard), interior cerebral veins (including Labbe), the large calibre 
superfi cial Sylvian veins and the deep cerebral veins including the vein of 
Galen, the thalamo-striate vein and the superior petrosal vein.

The experimental consequences of venous occlusion depend upon the 
species, acuity and method of occlusion presumably refl ecting the ability of 
the venous collateral capacity to cope. In some studies, but not all, dural sinus 
occlusion leads to increased cerebral blood volume and cerebral water con-
tent resulting in raised intracranial pressure and reduced cerebral blood fl ow. 
Intraparenchymal haemorrhage and blood brain barrier disruption refl ect the 
additional occlusion of cortical veins. Experimentally, chronic elevation of 
venous sinus pressure may induce either hydrocephalus or PTCS depending 
in part on whether the cranial sutures are open or closed. Venous sinuses that 
are compressed by raised CSF pressure may compound the increase in intra-
cranial pressure (Figs. 1 and 2)(Figs. 1 and 2) [7].

Cerebral venous pressure 
(not recruited into system) 

CSF pressure

CSF drainage

– +

Fig. 1. Normal negative feedback – Increases in CSF pressure are controlled by an increase 
in the rate of CSF absorption as it is a pressure dependent process

Cerebral venous pressure 
(recruited into system) 

CSF pressure 

CSF drainage 

– +

+

–

Degree of 
symptoms 

Fig. 2. Disordered positive feedback – Recruitment of the cerebral venous sinuses into the 
feedback loop due to venous sinus collapse, secondary to increased CSF pressure, causes 
venous sinus pressure (particularly SSS pressure) to increase. This inhibits CSF drainage and 
results in further increases in CSF pressure and so on
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It is now clear that many sinus narrowings are not fi xed obstructions but 
are reversible by lowering CSF pressure (Fig. 3).

DECISION-MAKING

Magnetic resonance (MR), computerized tomography (CT), digital sub-
traction angiography (DSA) and direct retrograde cerebral venography 
(DRCV) all have their part to play in investigating the cerebral venous cir-
culation. MR venography in its various forms including phase contrast or 
time of fl ight supplemented where appropriate with intravenous Gadolin-
ium injection provides a comprehensive view of the intracranial venous 
circulation. CT venography with contrast is useful for examining the trans-
verse sinuses. Conventional and digital subtraction angiography are useful 
particularly where there is a suspicion of a dural arteriovenous fi stula.

Direct retrograde cerebral venography (DRCV) combined with mano-
metry is the investigation of choice for venous sinus obstruction. It pro-
vides the most accurate information including the functional signifi cance 
of any obstruction in terms of pressure gradient and clarifi cation of wheth-
er MR appearances of sinus narrowing are genuine or the result of so-
called “contrast streaming”. DRCV is invasive and carries a small risk 
of perforation of a vein or sinus by the guidewire and of thrombosis 
around the catheter. Temporary balloon occlusion of a sinus is occasion-
ally used to assess whether it would be safe to sacrifi ce a lateral sinus dur-
ing surgery.

Fig. 3. CT venogram in a case of PTCS with compressible veins: immediate effects on the 
transverse sinuses of CSF withdrawal by lumbar puncture. Courtesy of Dr. N. Higgins
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1. SURGERY INCLUDING VENOUS STENTING

1.1  General measures to protect the venous drainage during surgical 
approaches

Obsessional care should be taken with the positioning of any patient in neu-
rosurgery to minimize intracranial venous hypertension secondary to jugular 
compression caused by extreme neck positions or constricting bands around 
the neck. Modest head-up tilt is commonly used – when the torcula is about 
15 cm higher than the right atrium, cranial venous pressure is slightly positive 
which prevents both air embolism and venous congestion of the brain. The 
sitting position is recommended by some but hated by other neurosurgeons 
because of the risk of air embolism. These risks may be minimized by ob-
sessional neurosurgical/neuroanaesthetic team working (see Sindou and 
Auque).

As always, excessive brain retraction must be avoided or venous drainage 
will be endangered. Unlike arterial bleeding, venous bleeding usually re-
sponds to gentle measures including gentle pressure and onlay of Surgicel or 
Spongistan, bone wax and disciplined use of bipolar diathermy. Small holes in 
veins including bridging veins may be controlled simply by wrapping with 
Surgicel or Spongistan. Veins that obstruct the surgical approach or are at risk 
during retraction should be sacrifi ced as little as possible. Sugita’s technique 
for the dissection of bridging veins is helpful.

If a vein has to be sacrifi ced, it should be temporally occluded for a few 
minutes to see if the brain swells. Sindou’s technique for dividing a bridging 
vein distal to its last bridging point is useful.

Various techniques have been described for the reconstruction of bridging 
veins by silicone tubes and vein grafts. Such techniques are not in common use 
and there is always the risk of unduly extending the duration of the operation.

Fig. 4. Sugita technique for dissection of bridging veins (Source: Sindou M and Auque J 
(2000) The intracranial venous system as a neurosurgeon’s perspective. Adv Techn Stand 
Neurosurg 26, p 169, Fig. 22)
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During closure, some surgeons wash the operative catheter with 10% pa-
paverine in saline combined with Jugular compression to check that complete 
haemostasis has been secured.

Inadvertent tear of a dural sinus is best controlled by a skilled assistant 
gently applying a fl at retractor whilst the surgeon stitches in a fl ap of dura or 
peracranium.

Where a meningioma involves the wall of a sinus, a similar technique may 
be used depending on the degree of invasion (see chapter by Sindou):

 Type I: Excision of the outer layer, leaving a clean and glistening dural 
surface and coagulation of the dural attachment;

 Type II: Removal of the intraluminal fragment through the recess and re-
pair of the dural defect by re-suturing the recess or by closing it with a patch 
or sealing up the opening with aneurysm clips provided this does not cause 
stenosis;

 Type III: Resection of the sinus wall and repair with a patch;
Type IV: Resection of both invaded walls and reconstruction of the two 

resected walls by patches;
Type V: This type can be distinguished from type VI only by direct surgi-

cal exploration of the sinus lumen. Where the opposite wall to the tumor side 
is free of tumor, Sindou prefers to reconstruct the invaded wall with a patch 
after resection rather than perform a bypass;

Type VI: Removal of the involved part of the sinus and restoration by 
venous bypass.

Fig. 5. The best way to divide a bridging vein (if necessary), according to the authors (Source: 
Sindou M and Auque J (2000) The intracranial venous system as a neurosurgeon’s perspec-
tive. Adv Techn Stand Neurosurg 26, p 170, Fig. 23)
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1.2 Venous bypass grafts

Sindou has pioneered the use of venous bypass autologous vein grafts for 
cases completely occluded by a tumor, venous thrombosis and jugular steno-

I

II

III

IV

V

VI

Fig. 6. Classifi cation of meningiomas according to the degree of dural venous sinus involve-
ment. Type I: meningioma attached to outer surface of the sinus wall; Type II: lateral recess 
invaded; Type III: lateral wall invaded; Type IV: entire lateral wall and roof of the sinus both 
invaded; Types V and VI: sinus totally occluded, one wall being free of tumor in type V. This 
classifi cation is a simplifi ed one from Krause F (1926) Operative Freilegung der Vierhuegel, 
nebst Beobachtungen über Hirndruck and Dekompression. Zentralbl Chir 53: 2812-2819; 
Merrem G (1970) Die parasagittalen meningeome. Fedor Krause-Gedächtnivorlesung. Acta 
Neurochir (Wien) 23: 203-216 and Bonnal J, Brotchi J, Stevenaert A, Petrov VT, Mouchette R 
(1971) Excision of the intrasinusal portion of rolandic parasagittal meningiomas, followed 
by plastic surgery of the superior longitudinal sinus. Neurochirurgie 17: 341-354 (Source: 
Sindou M and Auque J (2000) The intracranial venous system as a neurosurgeon’s perspec-
tive. Adv Techn Stand Neurosurg 26, p 186, Fig. 29)
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sis and bony obstruction of the venous system (Achondroplasia, complex 
craniostenoses). Long term patency is diffi cult to achieve but Sindou argues 
that even short term patency allows venous collaterals to develop. In contrast, 
some neurosurgeons prefer subtotal section of a sinus meningioma followed 
by radiotherapy or a staged approach. Intra-operative sinus pressure moni-
toring has been used to select those patients who really need sinus reconstruc-
tion with a bypass.

1.3 Venous stenting

A new approach to such a conundrum may be venous stenting. Venous stent-
ing was introduced recently for venous thrombosis (2001) and by Higgins 
and colleagues for sinus stenosis causing or exacerbating PTCS (2002). The 
technique has now been extended by Higgins and colleagues for patients 
where raised intracranial pressure has been caused by sinus meningiomas 
(Fig. 7).

Raised intracranial pressure and vasogenic oedema have been successfully 
managed by stenting followed as appropriate by radiotherapy and/or surgery.

Venous sinus stenting is performed under general anaesthesia. The guide 
catheter is directed into the lateral sinus, usually from a percutaneous jugular 
puncture, and the stent deployed across the stenosis supported by a guidewire. 
In some patients overlapping stents have been deployed because of the length 

Table 1. Current published experience of stenting for PTCS (‘IIH’)

Higgins JN, Owler BK, Cousins C, Pickard JD (Cambridge; Lancet. 2002;359:228-230)

    First case-report

Higgins JN, et al. (Cambridge; J Neurol Neurosurg Psychiatry 2003;74:1662-1666)

    12 patients: 5 asymptomatic

       2 improved

       5 unchanged

Owler BK, et al. (Sydney; J Neurosurg 2003;98:1045-1055)

     4 patients: headaches improved in all

       vision improved

       CSF leak resolved in one case

Ogunbo B, et al. (Newcastle; Br J Neurosurg 2003;17:565-568)

     1 patient became asymptomatic

Rajpal S, et al. (Wisconsin, USA; J Neurosurg 2005; 102(3 Suppl): 342-346)

    15 yr old boy; headache and papilloedema resolved

Donnet A, et al. (2008) (Marseille; Neurology 2008;70:641-647)

    10 patients: papilloedema resolved in all;

      headache: 6 asymptomatic; 2 less; 2 no change

Thurtell M, et al. (2008)  27 patients – presented at INOS 2008
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of the stenosis and development of “fl oppiness” either side of the initial stent. 
In the minority of patients, bilateral stents have been used for PTCS. Patients 
are heparinized during the procedure, subsequently converted to warfarin 
and then to low dose aspirin or clopidogrel after eight weeks. Follow upon 
venography and manometry is usually undertaken once anticoagulation has 
been discontinued.

RESULTS

1. COMPLICATIONS OF VENOUS STENTING FOR PTCS

Probable intra-luminal thrombosis was observed in two patients which was 
successfully treated with thrombolytic therapy with resolution of symptoms. 
Ipsilateral headache over the side of the stent occurs in the minority of pa-
tients and resolves with time. Transient hearing loss ipsilateral to the side of 
stenting occurs in the minority but resolves within a few days as did unstead-
iness in one patient. Anecdotally, acute subdural haematomas have been seen 
but not in the Cambridge series of over 50 cases.

CONCLUSIONS

The rules for preserving the integrity of the venous circulation during sur-
gical approaches to the brain skull base are well described. Considerable 
surgical ingenuity has been displayed in developing techniques to preserve 

Fig. 7. Tumor in sagittal sinus on axial T1 weighted MR after Gadolinium and the stent in 
the right side image
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bridging veins and for reconstructing sinus obstruction caused by tumor, 
bony narrowing and thrombosis. Venous stenting has recently been intro-
duced and has considerable potential as a way of re-establishing venous out-
fl ow in the face of thrombosis and intrasinus obstructing lesions.
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THE GLASGOW COMA AND OUTCOME 
SCALES: PRACTICAL QUESTIONS 

AND ANSWERS
G. M. TEASDALE

INTRODUCTION

Since they were described, the Glasgow Coma Scale [6] and Outcome Scale 
[1] have gained wide acceptance and are now in use throughout the world. 
Nevertheless, such commonplace use can engender a feeling of familiarity 
that can lead to them being used less effectively than ideal. Usually this is the 
result of some of the factors that were crucial in their development, and re-
main important in their day to day application, being overlooked. It is there-
fore appropriate to re-visit some of the features that are the basis of reliable, 
robust use of the scales and in the interpretation of their fi ndings.

The reader of this handbook will already have, at the very least, an ele-
mentary knowledge of the make up and application of the scales. The ap-
proach adopted in this review is based around a series of questions that are 
often posed to the author by colleagues seeking guidance about aspects of 
practical use. An awareness of the answers to these queries ensures that the 
scales will continue to play their maximum part in benefi ting the treatment of 
patients with acute brain damage.

Why were the scales developed? Assessment of the initial severity and 
late outcome play a key role in the management and understanding of a wide 
range of acute injuries and insults to the brain. Although their con sequences 
can include focal neurological impairments, relating to the particular location 
of damage, the severity of the more generalised effects on the brain are usu-
ally much more important in acute management and ultimate outcome. Such 
effects are expressed in the acute stage as the depth and duration of impaired 
consciousness and at a later stage in impairments of lifestyle.

Since the scales were developed, the methodology of development of clin-
ical assessments has advanced considerably and expanded into the science of 
‘clinimetrics’.

THE GLASGOW COMA SCALE

What were the main factors in the design of the scale? We considered it 
to be important that the approach should be simple and practicable, useable 

Keywords: comatous states, consciousness disorders, Glasgow Coma Scale
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in a wide range of hospitals by staff without special training, refl ecting the 
ubiquitous dispersion of head injured victims.

It is fundamentally unsound to expect clear watersheds in the continuous 
spectrum of states within the range of impaired consciousness and coma. We, 
therefore, did not seek to establish an overall classifi cation with a series of 
arbitrary levels or steps. It is also important not to depend on only one type 
of response because this may, for various reason, becomes untestable and be-
cause different aspects of ‘consciousness’ such as arousal and awareness have 
different clinical expressions.

Eye opening was considered useful as a refl ection of the intensity of im-
pairment of activating functions. Verbal responses offer an index of higher 
cortical function. Motor responses are a way of investigating the integrity of 
the nervous system in patients who are not speaking. Subdivisions within the 
components refl ected increasing degrees of impairment (Table 1).

How are the responses assessed and interpreted? The assessment had 
to have a high degree of consistency and be widely acceptable. The fi ndings at 
any one point are less important than changes in the pattern over time and 
consistent communication about a patient is essential as responsibility for 
care is passed on between the staff of a unit or between units.

1. EYE OPENING

• Spontaneous eye opening, with sleep wake rhythms is the highest level. Al-
though it indicates arousal mechanisms brain stems are active it should not be 

Table 1. The Glasgow Coma Scale and Scores

Eye opening
Spontaneous  4
To pain  3
To sound  2
Absent  1
Verbal response
Orientated  5
Confused  4
Inappropriate  3
Incomprehensible  2
Absent  1
Best motor response
Original scale Expanded scale
Obey commands  5 Obey commands  6
Localise pain  4 Localise pain  5
Flexion  3 Normal fl exion  4
Extension  2 Abnormal fl exion  3
None  1 Extension  2

None  1
Total Coma Score 14 Total Coma Score 15
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taken to imply awareness. Indeed in the persistent vegetative or minimally 
conscious state, eye opening is characteristically dissociated from evidence of 
intellectual function.

• Eye opening in response to speech is sought by speaking or shouting at the 
patient. Any suffi ciently loud sound can be used, not necessarily a command 
to open the eyes. This should be assessed before the patient is physically 
stimulated.

• Eye opening response to pain is assessed if the person is not opening their 
eyes to sound. It is essential that assessment is carried out using a consistent 
approach to stimulation, which does not give rise to ambiguous responses nor 
causes unnecessary injury to the patient. After extensive testing of various 
approaches, we recommended that the stimulus should be pressure on the 
bed of a fi ngernail. This gives a reproducible stimulation and also avoids the 
diffi culty in interpretation that can arise if the person grimaces in response to 
a stimulus on the face. Options such as rubbing the sternum or pinching the 
chest or arm do not offer advantages.

• An absence of eye opening implies substantial impairment of brain stem 
arousal mechanisms. Before assigning this level of response, substantial effort 
should be made to ensure that this is not due to an inadequate stimulation. 
The key is that the examiner should be sure that if the patient would be ex-
amined subsequently by someone else, a higher level of response will not be 
elicited. It is also important to identify if a lack of eye opening is a conse-
quence of local injury, for example fronto-basal fractures, or sedative and 
paralysing medication.

2. VERBAL RESPONSE

• Orientation is the highest level of response and implies awareness of self and 
environment. The person should be able to provide answers to at least three 
questions, who they are, where they are and the date – at least in terms of the 
year the month and day of the week. A person who can answer some but not 
all these questions can be subcategorised as partially orientated, either speci-
fying what information that they are able to give or how many out of the 
three components they can provide.

• Confused conversation is recorded if the patient engages in conversation but 
is unable to provide any of the foregoing three points of information. The key 
factor is that the person can produce appropriate phrases or sentences.

• Inappropriate speech is assigned if the person produces only one or two 
words, in an exclamatory way, often swearing. It is commonly produced by 
stimulation and does not result in sustained conversation exchange.

• Incomprehensible sounds consist of moaning and groaning but without any 
recognisable words.
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The verbal responses may be affected as a result of focal brain damage rather 
than a general impairment of function. For example, an impaired verbal response 
in an otherwise apparently alert person should raise the suspicion of dysphasia. 
The use of endotrachial intubation clearly precludes a verbal response.

3. MOTOR RESPONSES

The assessment of motor responsiveness becomes important in a person not 
conversing to at least a confused level.

• Obeying commands is the best response possible. It is important to be aware 
that motor responses can occur as a primitive grasp refl ex or a startle response 
or a even simple posture adjustment and these should not be interpreted as a 
high level response. If in doubt, confi rmation of the specifi city of the response 
should be sought, for example by squeezing and releasing the fi ngers or holding 
up the arms or other movement elicited by verbal command.

If someone is not obeying commands, the pattern of motor responses to 
physical stimulation provides a very valuable method of assessing dysfunc-
tion. Stimulation should be applied in a standardised way and maintained 
until maximum response is obtained.

• Although stimulation of the fi ngernail will usually already have been ap-
plied to assess the level of eye opening, assessment for localisation should 
start with the application of pressure to a point in the head and neck – the 
supraorbital notch or styloid process behind the mandible. In order to be sure 
that the response is a specifi c motor response to a specifi c site of stimulation, 
localising should be recorded only if the person’s hand reaches above the 
clavicle in an attempt to remove the stimulus. Stimulus to the trunk may re-
sult in the arms moving across the chest in a way that does not represent a 
specifi c localised response. If in doubt, stimulation can be applied to more 
than one site to ensure that the hand attempts to remove it.

• A fl exion response is recorded if the elbow bends but the movement is not 
suffi cient to achieve localisation whereas in extension the elbow only straight-
ens. Before recording that someone has no motor response, vigorous and var-
ied efforts should be made.

What kind of fl exion movements can be recognised? A range of movements 
may be seen in patients with marked impairment of consciousness who do 
not localise painful stimulation. At one end it is often possible to recognise a 
relatively normal fl exion movement characterised by rapid withdrawal, ab-
duction of the shoulder, and external rotation which varies from stimulation 
to stimulation. At the other end, abnormal fl exion is clearly present when the 
response is slow, stereotyped – that is repeated time after time – and results in 
the arm moving to an adducted internally rotated position, characteristic of 
the hemiplegic or so called decorticate posture. Nevertheless, between these 
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two clear patterns, varied patterns can be seen and some patients showing 
both types of movement at the same examination.

Experienced observers, particularly after careful training and discussion, 
can distinguish the two kinds of fl exion response with an adequate degree of 
reliability. However, inexperienced staff, particularly working outside neuro-
surgical centres, fi nd the distinction very diffi cult to make with consistency. 
For this reason, in the acute stage, it is suffi cient in monitoring most patients 
to record simply that fl exion is present.

The distinction is not crucial in the acute phase when deciding the need for 
action such as intubation to protect the airway or the performance of a CT 
scan – these will be indicated in any person not localising to a painful stimu-
lus. Furthermore, transition between a normal and an abnormal fl exion re-
sponse is rarely suffi ciently clear to signal deterioration or improvement in a 
way requiring alteration of management.

The distinction is useful prognostically and it is in this context that it is 
most relevant, for example when considering a likely outcome or in compar-
ing series of patients.

Why is it the best motor response? The scale is based upon taking account 
of the best response of the better limb. Thus, during examination, a patient 
may show varying patterns with better responses occurring as the patient is 
more aroused. The highest level of response achieved provides the most con-
sistent assessment of the patient’s state and the best guide to the integrity of 
brain function remaining. A difference between the two sides may indicate 
focal brain damage. The worst or most abnormal response also should be 
noted in order to identify the site of focal damage, for the purpose of assess-
ing the degree of impaired consciousness, it is the best response from the bet-
ter limb that is relevant.

• Absence of motor response.
What needs to be checked if there is apparently no response? An absence of 
motor response clearly equates to a severe depression of function. Before as-
cribing this to structural damage it is important to exclude other causes – for 
example the effects of systemic insults such as hypoxia, hypotension or the 
use of drugs. Also, comparison should be made of the responses in the legs 
and arms with those in head and neck in order to alert the examiner to the 
possibility of spinal cord or brain stem injury. It is also important to ensure a 
stimulus of adequate intensity has been applied.

DISCUSSION

How consistent is the use of the scale? The initial development of the scale 
was strongly infl uenced by the fi ndings of studies in the Glasgow unit in 
which several observers were asked to examine patients and compare their 
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fi ndings [8]. These guided the way that the scale could be used with equal 
consistency by nurses and non-specialist doctors, as well as by experienced 
neurosurgeons. Since these original studies, inter-observer consistency has 
been examined by many investigators and has been shown to be robust in a 
wide, relevant range of circumstances including emergency departments, in-
tensive care units and in pre-hospital care. However, consistency cannot be 
assumed and should be confi rmed and enhanced by training and communica-
tion between staff.

How soon and how often should a patient be assessed? Although these 
questions are frequent, common sense dictates that there are not simple single 
answers. The issue of when to commence observations refl ects the need to 
distinguish between the use of the scale as a measure of early progress and as 
a predictor of ultimate outcome. Thus, when tracking the condition of a pa-
tient in the acute stage, the sooner an observation is made, the more useful it 
is as a guide to interpretation of later fi ndings. Conversely, it is the very labil-
ity in the acute state that can make prognosis diffi cult so that most estimates 
of prognosis have been based upon an assessment after suffi cient time has 
passed in order to ensure that the patient’s state is not infl uenced by remedial 
disorders – for example hypoxia or hypotension or a developing intracranial 
haematoma. Later observations are often characterised as ‘post resuscitation 
GCS’ but it can sometimes be diffi cult to determine precisely when this is. 
Sometimes the ‘time after injury’ has been used, for example 6 hours, but this 
implies the time of injury is known, which is not always the case, and that 
emergency measures have been applied effectively.

Questions about the frequency of observations can likewise usually be 
resolved by common sense in relation to the likelihood that an infl uential 
change may take place. The shorter the time between an injury or other event 
and the assessment, the more the security about the stability of a patient’s 
condition so that observations at frequent intervals are appropriate for ex-
ample every few minutes and at least several times within an hour. As time 
passes the frequency can be reduced, and related to whether or not there are 
reasons for considering the patient needs continuing observation and care.

How much change matters? Questions are asked about the extent of change 
that should take place in order to trigger action. This may be simply to re-
quest assessment by another colleague or consultation with a more senior 
medical colleague. It may determine transfer to another unit e.g. from a gen-
eral to a specialist neurosurgical department. Again, hard and fast rules are 
not appropriate.

The general guidance is that it depends upon where the patient is showing 
change from and the extent of the change. Thus, in a patient with no or mild 
impairment of responsiveness the certainty about a change may be less and 
the consequences of a small change also less so that a further period of obser-
vation and repeat assessments perhaps by a second colleague, can be appro-
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priate. Conversely, the worse the patient’s initial state, the more adverse the 
effect of a further deterioration and the greater the need for to avoid this. It is 
also the case that there is a greater degree of consistency in the assessment of 
the motor component of the scale than the verbal and eye features [8].

When in doubt, the safe thing is to consult and discuss, based upon a full 
description of all three aspects of the patient’s condition and their changes 
over time and the time over which change has been taking place.

What is the relationship between the scale and the score? Our aim was for 
the approach to be useful both in practical day to day monitoring of patients 
with acute brain damage and in studies of prognosis, management and out-
come. To enable the computerised analysis essential for such scientifi c stud-
ies, we assigned numbers to each response so that clinical recordings could be 
entered into a coding proforma [7].

For each of the three components of the scale, an absence of response was 
assigned the number 1 in order to make it clear that this was a positive iden-
tifi cation of unresponsiveness. Increasingly high numbers were assigned to 
successively better responses and the three results entered separately. Inevita-
bly, the temptation to sum together the three numbers into a total score be-
came irresistible!

The total or sum score was initially used as a way of summarising infor-
mation, in order to make it easier to present group data. However, the result-
ing score proved a useful and powerful summary of the extent of brain 
dysfunction and showed a strong relationship with prognosis [7]. The coma 
score has been the measure reported in most scientifi c papers and as a conse-
quence as least as popular as the scale. It is, however, important to be aware 
of the pros and cons of the two approaches, how they are complementary and 
the circumstances in which one or other is more appropriate.

What are the roles of the scale and the score? When describing an individu-
al patient, especially when communicating with colleagues, it is always pref-
erable to refer to the responses observed and not to rely upon communication 
through the intermediary of numbers or a total score.

A major limitation of the total score is that it can be made up of a number 
of combinations of performance on the different components of the scale. 
This makes it diffi cult to translate the score into a clear picture of the patient’s 
actual condition. This is particularly a risk in telephone exchanges.

Another problem with the total score is that if one component of the scale 
is untestable, this precludes allocation of a total score. Extrapolating and as-
signing an estimated score on the basis of the fi ndings of only two compo-
nents of the scale cannot be done reliably between the eye opening and the 
verbal responses nor between either the eye or verbal responses and the upper 
ranges of a motor response. Reporting what can be observed according to the 
framework of the subscales will convey whatever information can be reliably 
obtained.
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Is the total score 14 or 15? Systems of numbering resulting in total scores of 
either 14 or 15 came about as a result of the differences in the approaches to as-
sessment of fl exion motor responses. In the simpler system, recommended for 
routine use in patient monitoring, no attempt is made to distinguish between 
normal and abnormal fl exion. This results in a system summing to a total of 14. 
On the other hand, if the distinction between normal and abnormal fl exion is 
considered to be reliable and to be useful, the total score possible becomes 15.

The approach giving a score of 15 has become most widely used, refl ecting 
the way that the score was popularised through research papers. It is now not 
realistic to seek to establish one or other approach as the ‘offi cial’ method. In 
order to avoid confusion if a patient is described by the total coma score, it 
should be made clear which system is being used by reporting the relevant 
total, i.e. a score out of 14 or 15.

Does an early assessment of Coma Scale and Score relate to later events and 
outcome? There are now many studies relating both the components of the 
scale [3] and the total score [7] to the occurrence of complications such as an 
intracranial haematoma in the acute stage and to late outcome after acute brain 
injuries. These provide a picture of a strong, close association. Moreover, where 
suffi cient numbers have been studied, the relationship is both continuous (that 
is with each ‘step’ in the total score there is a change in outcome distribution) 
and almost quantitative (the extent of difference is similar across all steps). Al-
though the way that the score came about was accidental, by good fortune it 
does provide a useful number!

THE GLASGOW OUTCOME SCALE

Why was an Outcome Scale needed? An understanding of how outcome can 
be described after acute brain insult is as important as early assessment. 
 Anxiety about the ultimate outcome is often foremost in the minds of pa-
tients and their families from the very moments after an acute insult. They 
need to be given a realistic and understandable account of the range of pos-
sibilities and kept informed as the prospects evolve as time passes and advised 
how to plan for the likely outcome.

Many decisions in the acute management of the patient depend crucially 
upon the outcome that it is expected will likely follow. Balancing the conse-
quences of one option versus another, and how this is informed by the previ-
ous experience of the unit or in the literature, requires a succinct, relevant and 
readily comprehensible method of describing the different forms of outcome. 
There are, however, a number of challenges in assigning outcome to a brain 
damaged patient.

One challenge is that the consequences of brain injury can be expressed in 
such a wide variety of ways through disturbances in mental function, over 
and above any physical neurological defects or defi cits. A thorough assess-
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ment from a multitude of perspectives may be necessary to fully understand 
the detailed picture in an individual but this does not yield the overall sum-
mation that can be used to encapsulate the extent of the impact on a patient’s 
lifestyle. Moreover, the impact upon a person’s lifestyle is often more deter-
mined by changes in emotional, behaviour and personality than in more spe-
cifi c aspects of neurological and neuropsychological function.

Another challenge is that the approach must be capable of integrating 
the perspectives of patient and family as well as clinicians. Finally, in view of 
the large number of patients with acute brain damage that need follow up, the 
approach must be capable of application without the need to spend time and 
resources on extensive testing.

What factors infl uenced the design of the Glasgow Outcome Scale? Unlike 
the Coma Scale, the Outcome Scale [1] was based upon an approach in which 
a number of features were integrated into a hierarchy of states, ranging from 
death to good recovery (Table 2). Assignment depended upon comparison 
between information about a patient and a description of the characteristics 
of each of the four categories of survival.

How are the outcomes defi ned and assigned?
1) Good recovery is assigned if the patient is able to return to their previous 
level of lifestyle, including social and family activity as well as return to 
work – indeed it is the capacity to return to work rather than actually having 
done so that is relevant. Many people who otherwise clearly have made a 
good recovery do not return to work for a variety of reasons. Conversely, 
neurological, mild neuropsychological limitations or other defi cits may be 
present without impairing the person’s lifestyle.

2) Mild disability (also referred to as independent but disabled), refers to a 
patient who is able to look after themselves but has not regained their previ-
ous lifestyle in some signifi cant way. If working, as some do, they have not 
attained their previous level, and there is substantial limitation of lifestyle and 
other social functions. Personality changes and memory and other cognitive 
problems are common but in some the restriction appears to refl ect a failure 
to cope with residual defi cits. The crucial factor is the person is able to care 

Table 2. Original and extended Glasgow Outcome Scale
Original Symbol Extended

Good recovery GR Upper good recovery
Lower good recovery

Moderate disability MD Upper moderate disability
Lower moderate disability

Severe disability SD Upper severe disability
Lower severe disability

Vegetative state PVS  
Dead D  
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for themselves for at least 24-hours in society, including an ability to shop 
and, if applicable, travel reliably by public transport.

3) In severe disability (also referred to as conscious but dependent) the per-
son requires the support of some other person for some activities at least within 
every 24-hours. The worst affected have a combination of severe mental and 
physical disability but some are so seriously affected only mentally that they 
require support and supervision on a daily basis either by family or in residential 
care. This categorisation of severe disability is much broader than used for ex-
ample by geriatricians or physicians in regard to aspects of daily living. For the 
latter, independence may indicate someone having no more than the ability to 
attend to their basic personal needs at home but be unable to be mobile outside 
their home or organise their living without assistance. Failure on either of these 
criteria would result in assignment to severe disability on the Glasgow Scale.

4) The vegetative state was defi ned by Jennett and Plum in 1972 as being 
survival with no evidence of psychologically meaningful activity as judged be-
haviourally. Their criteria included cycles of spontaneous eye closure and open-
ing but a strict absence of obeying simple commands, expression of any words 
or evidence of appropriate responsiveness to the environment.

How long the vegetative state should be present before being referred to 
as persistent has usually been taken as at least 3 months but improvement can 
occur after this. For many purposes at least a year should elapse before it is 
considered permanent. Defi nition of this state has become more diffi cult 
leading to the additional concept of the minimally responsive state.

Why is there an extended Glasgow Outcome Scale? The categories in the 
original scale were considered by some to be too broad to be able to affect 
important differences between patients or in the evolution of the same patient 
with recovery over time. In 1981, the scale was extended by sub-division of 
the categories of conscious survival (severe and moderate disability and good 
recovery) into upper and lower bands. This produced an eight-point version 
(Table 2). Although this allowed greater discrimination, this was off-set by a 
much lesser degree of consistency of allocation.

How was inconsistency dealt with? The problem of variable assessment led to 
the development of a structured approach to the assignment of outcome on both 
the original and extended scales [11]. The questions refl ected an emphasis on 
social disability and the multiple aspects of outcome in the original approach. 
Areas covered include consciousness, independence in the home and outside, 
work status, social and leisure activities, relationships with family and friends 
and a return to the lifestyle normal for that individual, always considering poten-
tial rather than actual achievement. No weighting is put on the different aspects 
but the relevance of the components varies across the spectrum of outcome.

The questionnaire also includes specifi c guidance about the outcome to 
which the patient would be allocated, depending upon the response obtained. 
The structured approach also made it possible to take into account previous 
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disabilities, which are found in a sizeable minority of patients with head in-
jury and other intracranial insults.

The inter-observer reliability of the structured approach has been studied 
extensively. It shows a high degree of consistency when applied by the same 
observer on different occasions, by two observers on the same occasion, by 
comparison between face to face and telephone interview and also between 
assessments using self completed a postal questionnaire. Nevertheless, dis-
crepancies are not entirely eliminated and can occur either in relation to the 
detailed information that is obtained or how this is translated into the overall 
score. Improvement can be obtained by training and by the use of a single 
central reviewer to allocate the scale on the basis of the detailed information.

What are the relationships between the Glasgow Outcome Scale and  other 
indicators of outcome?
Jennett and Bond’s work [1] preceded many of the other approaches to as-
sessing aspects of outcome after brain injury have been made, these support 
its validity and utility [9].

1) The World Health Organisation described a classifi cation of impair-
ments, disabilities and handicaps some years after the Glasgow Outcome 
Scale. It is important to appreciate that the term disability is used very differ-
ently in the two approaches. In the WHO system it rates much more closely 
to a specifi c defi cit in functional activity whereas in the Glasgow system dis-
ability refers to the net effects, and corresponds more to the concept of hand-
icap in the WHO system. Direct comparison is therefore not possible.

2) The relationships between neuropsychological measures of intellectual 
impairment and the Glasgow Outcome Scale have been extensively studied. 
Highly signifi cant associations exist between the categories of both the 
 original fi ve point scale and the extended 8 point scale and a wide range of 
assessments. Nevertheless, these associations in group fi ndings go along 
with substantial variability of performance among patients in a particular 
outcome category. It is diffi cult to predict from any one specifi c assessment 
how a person will be in terms of overall lifestyle and social reintegration.

3) The Disability Rating Scale is widely used in rehabilitation after brain 
damage. Although there are overall correlations between the two scales there 
are important differences. The disability rating scale has an emphasis on neu-
rological limitations and activities of daily living and systematically under-
refl ects the disability or handicap shown in the Glasgow Outcome Scale. It 
was originally proposed as a method for tracking individuals through reha-
bilitation. In contrast, it is important to be aware that the degrees of disability 
on the Glasgow Outcome Scale cannot be assigned to a patient while they are 
still undergoing in patient care.

4) A number of ‘quality of life’ assessments have been described, based 
upon summation of multi-item variables. One of the most widely advocated 
is the SF36. Comparison of assignments on the Glasgow Outcome Scale with 
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fi ndings on each of the components of the SF36 showed a very signifi cant 
relationship in each area with, reassuringly, with the greatest separation in the 
area of social handicap [9].

What are the roles of the original and extended scales? The two approaches to 
assignment of outcome have merits in different circumstances. In clinical care 
in the acute stage what is valuable is the predictability of outcome for an indi-
vidual patient. Although there are clearly established correlations between initial 
clinical state as assessed by the coma scale and later outcome these correlations 
apply most clearly to the extremes of outcome, i.e. death or good recovery, and 
the extent of disability is very diffi cult to predict. For this reason, even the sim-
pler original scale categories are often reduced to three: death or vegetative state 
versus severe disability, versus moderate disability or good recovery. There is lit-
tle evidence of ability to discriminate between categories in the extended scale.

The value of the extended approach lies in the later stages after injury. It can 
be useful for tracking the progress of an individual patient and detect changes 
not evident in the original scale. It can also be useful in making more sensitive 
comparisons between groups of head injured patients. The distinction between 
upper and lower levels of severe disability is considered to have particular im-
portance from an economic perspective – refl ecting the much greater cost of 
care of the very severely disabled person. Conversely, the original scale per-
forms well across the spectrum of head injuries and is suffi ciently sensitive to 
detect the disability that commonly follows so-called mild injury [10].

What is the utility of “dichotomous” division of outcome and how should it 
be done? Division of outcome into only two options (dichotomisation) is com-
mon in research studies. The alternatives are referred to as favourable or unfa-
vourable, worthwhile or not worthwhile, acceptable or unacceptable. Although 
these terms imply some value judgement, the approach initially was based more 
on the statistical merits in research of compressing even the fi ve point scale into 
two different options. This maximises the numbers of people in the two catego-
ries rather than having them spread across fi ve. This increases the statistical pre-
cision or confi dence in the quoting of a percentage for either group and hence 
the greater reliability in comparing fi ndings with another group. The division 
after a severe head injury is usually made between severe and moderate disabil-
ity but other points can be appropriate, for example after less severe injury.

HOW SHOULD THE RESULTS OF THE GLASGOW COMA 
SCALE AND OUTCOME SCALE BE PRESENTED 
IN SCIENTIFIC REPORTS

The use of the Coma Score is fi rmly established as a valid measure in the descrip-
tion of early severity. The issue is how the distribution of severity in a group of 
patients should be summarised. It is essential not to treat the fi ndings as if the 
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score provided ‘real’ numbers – they are derived from rankings and the lowest 
score is not 0, nor even, 1 but 3! It is therefore completely invalid to summarise 
fi ndings in a mean or average GCS – and even more to calculate this to a decimal 
point. Although quoting a median is more reasonable, the proper method is 
to present the distribution of the numbers of patients across the range of scores 
of interest. This may be by each step in the scale or in certain constellations, e.g. 
scores between 3 and 8 out of 15 are equated with a severe head injury, between 
9 and 11 with a moderate injury and 12 to 15 as a mild injury. However, varia-
tions exist and the method used should always be specifi ed.

In reporting outcome, there is no basis for referring to a Glasgow Out-
come Score. It must be emphasised that the outcome assessment depends 
upon assignment to a scale. This simply presumes a hierarchy, with good re-
covery better than moderate disability, than severe disability, than vegetative 
state, than death. Numbers, or letters can be used only to indicate the rank 
order. What cannot be done is to assign a ‘real’ or cardinal value to any point. 
There is, therefore, no sensible way in which a numerical value can be as-
signed to any survival state as against another and even less sense in trying to 
decide how many times better than death is survival!

Recurring questions such as if death or good recovery should be given a 
score of one make no sense. It also is completely invalid to use summary sta-
tistics such as a mean or median to describe the fi ndings of any numbers as-
signed to indicate order. Reports of outcome distribution should therefore 
provide the numbers of patients in each reported category, summarised if 
necessary in terms of proportion of the whole cohort studied.

CONCLUSIONS: DO THE GLASGOW SCALES REMAIN 
USEFUL TODAY

Although initially described three decades ago, the Glasgow approaches to 
assessment of initial severity and outcome of brain damage have weathered 
the test of time.

The Coma Scale is widely employed throughout the world in its own right 
and also through incorporation into recommendations for clinical care. These 
include the Advanced, Trauma and Life Support system and guidelines for 
head injury management from organisations such as the National Institute 
for Clinical Excellence in the UK, the Brain Trauma Foundation and the 
World Federation of Neurosurgical Societies. It remains the standard for 
acute assessment [5] .

The Outcome Scale is the most widely used approach in papers describing 
outcome after acute brain damage and its value is being enhanced by the in-
creasing utilisation of the structured approach.

Alternatives to and adaptations of the Glasgow Scales have been described. 
Some of these have clear advantages, for example in relation to children. 
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Others fi nd relevance to only very restricted groups of patients or in a par-
ticular clinical unit and have not been found to be useful replacements for the 
Glasgow Scales across the world.

It is, nevertheless, important to guard against this familiarity resulting in 
the scales being applied less rigorously and effectively than needed to ensure 
their value is used to the utmost. If issues arise about their application, rele-
vance, reliability, interpretation or other aspects of their use and utility, these 
should be readily resolved by reference to the essential features of each of the 
two scales, to the factors underlying their application and the adoption of a 
common sense, fl exible approach as set out in this account.
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CRANIAL TRAUMA IN ADULTS
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INTRODUCTION

Cranial trauma and its sequelae present one of the most challenging areas of 
any healthcare system. Around 1% of all adult deaths annually result from 
head injury, with all age groups affected; in the young it accounts for up to a 
third of fatalities. Patients suffering trauma to multiple organ systems are up 
to ten times more likely to die if they have a concomitant brain injury. More-
over, those surviving severe brain injury have signifi cant morbidity and dis-
ability with often devastating physical and psychological implications for the 
individual and, major economic burdens to society [4].

RATIONALE

1. SKULL FRACTURE

Direct blows to the head can result in a variety of fractures to the cranial vault 
and skull base. Linear fractures of the vault usually result from diffuse low-
energy trauma and, other than serving as a pointer to mechanism and severity 
of injury, are not of clinical signifi cance unless associated with suture diastasis 
or an underlying extradural haematoma. Depressed fractures are caused by fo-
cal high-energy impacts, typically over the fronto-parietal convexities and ver-
tex, which result in comminuted fragments of bone being displaced inwardly. 
Fragments that are signifi cantly displaced – defi ned by depression equal or 
greater than the thickness of the vault – are elevated to help minimise complica-
tions such as post-traumatic epilepsy, and restore the normal contour of the 
head. Patients with scalp lacerations and compound vault fractures are at risk of 
developing infection involving the soft tissues, bone, meninges, CSF, or cere-
brum, particularly if heavily contaminated (e.g. farmyard injuries). Similarly to 
other open fractures, early (<6 hours) debridement reduces this likelihood.

Linear fractures of the skull base are associated with a number of complica-
tions including cerebrospinal fl uid fi stula, cranial nerve palsies, and vascular 

Keywords: cranial traumas, adults brain injury, cerebral oedema, intracranial 
pressure
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injury. Fractures through the anterior fossa fl oor involving the orbital plate of 
the frontal bone present with “raccoon eyes” and with extension into the eth-
moid bones there is often a dural tear causing CSF rhinorrhoea together with 
shearing of the olfactory nerves as they pass through their foramina in the crib-
riform plate resulting in anosmia.

Temporal bone fractures are classifi ed into three types: (I) lon gitudinal 
fractures directed along the axis parallel to the petrous ridge, (II) transverse 
fractures oriented between foramen magnum and middle fossa, and (III) a 
mixed or oblique fracture pattern. Fractures that run through the mastoid 
typically manifest with mastoid ecchymosis (Battle’s sign) and CSF otorrhoea. 
The seventh nerve is vulnerable in its course through the temporal bone and is 
most often injured in transverse fractures. Complete facial palsy at presenta-
tion suggests nerve transection and has a poor prognosis whereas immediate 
but partial palsy may be recoverable with timely decompression of the nerve. 
Delayed facial palsy is caused by swelling around the fracture and in most 
cases resolves completely with conservative management. Hearing loss is a 
frequent complication of temporal bone fracture with a variable prognosis 
depending on whether there is a conductive defi cit from disruption of the os-
sicular chain, which is potentially repairable with surgery, or a sensorineural 
defi cit due to cochlear injury, which is less likely to recover. Fractures involv-
ing the foramen lacerum should raise the suspicion of carotid artery injury.

Linear fractures of the occipital bone can be associated with tears to the 
venous sinuses and posterior fossa extradural haematomas. Fractures running 
into the jugular foramen, hypoglossal canal, and occipital condyles can present 
with constellations of lower cranial nerve palsies. Three types of occipital 
condyle fractures are described: (I) impaction from axial loading, (II) exten-
sion of a linear fracture from the occipital bone, and (III) avulsion as a conse-
quence of high velocity rotation. Only type III fractures result in potential 
instability of the cranio-cervical junction.

2. TRAUMATIC BRAIN INJURY

The primary brain injury sustained at the time of trauma remains the principal 
determinant of neurological outcome [7]. Severity is classifi ed clinically on the 
basis of a patient’s initial (post-resuscitation) neurological status defi ned by the 
Glasgow Coma Scale (GCS; Table 1) and further by the appearance of comput-
ed-tomography imaging [3] (Table 2).

Table 1. Severity of traumatic brain injury

Minimal GCS 15, no LOC or PTA
Mild GCS 14–15 with brief LOC and PTA
Moderate GCS 9–13 or LOC > 5 min or focal defi cit
Severe GCS 3–8
Critical GCS 3–4
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Epidural haematomas are caused by tearing of dural vessels, typically 
branches of the middle meningeal artery, and are associated with skull frac-
ture in most cases. Subdural haematomas usually arise from disruption of 
bridging veins between cortex and the venous sinuses but can occasionally be 
due to arterial bleeding.

Injury to the brain parenchyma is classifi ed as focal or diffuse. Cerebral 
contusions and haematomas characteristically occur in the frontal and tem-
poral lobes as these are susceptible to impacting the skull following trauma. 
Diffuse axonal injury results from shearing of neurons at the neocortical-
white matter junction during rapid deceleration. In high-energy trauma there 
is typically a combination of focal and diffuse parenchymal injury and, im-
portantly, both are associated with delayed cerebral oedema and intracranial 
hypertension. Traumatic subarachnoid and intraventricular haemorrhage are 
both indicators of severe injury and poor prognosis.

Approximately 5% of traumatic intracranial haematomas occur in the 
 posterior fossa with similar aetiologies as in the supratentorial compartment. 
Neurological impairment associated with posterior fossa lesions is due to a com-
bination of direct pressure on the brainstem and obstructive hydrocephalus.

The degree of primary brain injury cannot be improved by current treat-
ment modalities. Instead, the focus of management is averting secondary 
insults in the minutes, hours, and days following trauma that promote fur-
ther derangement of glioneuronal metabolism and, ultimately, cell death. 
Fundamentally the aim is to prevent and  aggressively treat cerebral ischae-
mia. Autoregulation of cerebral blood fl ow (CBF) is complex, but the 
principal modifi able factors are intracranial pressure (ICP), mean arterial 
pressure (MAP), arterial carbon dioxide tension, temperature, and serum 
osmolality. CBF is critically dependent on cerebral perfusion pressure  
CPP = MAP – ICP) and is therefore reciprocally related to ICP. In addition, 
raised ICP causes secondary brain displacement and herniation through the 
fi xed openings in the dura and skull resulting in brainstem  ischaemia.

In the context of trauma, a rise in ICP is most often due to  evolution of 
intra- or extra-axial haematomas, hydrocephalus, or cytotoxic/vasogenic 

Table 2. CT classifi cation

Diffuse I No visible pathology on CT
Diffuse II Basal cisterns present with MLS 0–5 mm and/or high 

or mixed density lesion density present <25 ml
Diffuse III Basal cisterns compressed or absent with MLS 

0–5 mm with no high or mixed density lesion density 
present >25 ml

Diffuse IV MLS > 5 mm high or mixed density lesion density 
present >25 ml

Evacuated mass lesion Any lesions evacuated
Non-evacuated mass lesion Any lesions of high or mixed density lesion density 

present >25 ml not evacuated
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oedema. Left untreated, as ICP escalates and cerebral ischaemia ensues, 
 energy failure results in cell breakdown and loss of blood–brain-barrier in-
tegrity with consequent increase in cytotoxic  oedema. Compensatory 
mechanisms including cerebral vasodilatation  further compound the cycle 
of worsening intracranial  hypertension.

Medical control of ICP aims to lower cerebral metabolic demand with 
anaesthesia and hypothermia, counter oedema with administration of hyper-
tonic solutions, and reduces cerebral blood volume by cautious application of 
moderate hyperventilation to induce controlled cerebral vasoconstriction 
whilst avoiding ischaemia. Ventriculostomy for external drainage of CSF can 
further signifi cantly improve compliance. If ICP remains intractable despite 
these interventions then the only remaining option is to effectively increase 
the size of the cranial vault by decompressive craniectomy.

DECISION-MAKING

1. DIAGNOSIS AND IMMEDIATE MANAGEMENT

Improving neurological outcomes from TBI is critically dependent on insti-
tuting secondary prevention as early as possible. Detailed protocols exist 
for the prehospital and emergency department management of patients with 
(suspected) head injury with which all neurosurgeons should be familiar, 
particularly when advising referring physicians and transfer teams [1]. In 
short, patients should be managed in accordance with general advanced 
trauma and life support principles, and in particular resuscitated to a MAP 
of >90 mmHg, normoxia, normoglycaemia, and if signs of neurological de-
terioration (>2 GCS points) or herniation develop (uni- or bilateral pupil-
lary dilatation) then hyperosmolar therapy with mannitol or hypertonic 
saline should be considered. A clear record of GCS at scene and initial hos-
pital is invaluable in assessing severity of injury, prognosis, and making 
management decisions once the patient has been transferred to the neuro-
surgical centre.

Computed tomography (CT) is the investigation of choice to assess cranial 
trauma. Opinions on which patients should undergo CT vary widely; recent 
guidelines from the UK National Institute of Clinical Excellence are very 
helpful in this respect. In most circumstances a standard non-contrast scan 
with brain and bone windows is suffi cient. Consideration should be given to 
performing any necessary spinal CT at the same time and if there is suspicion 
of vascular injury then a CT angiogram or venogram may be useful.

On the basis of the patient’s neurological condition and CT fi ndings a 
decision is made whether immediate surgery is necessary, guided by evidence-
based criteria set out by the Brain Trauma Foundation [2] (Table 3). If a mass 
lesion requires evacuation this should be performed promptly – delays in sur-
gery are well proven to have a major negative impact on outcome [11].
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If operation is not initially indicated the surgeon needs then to judge 
whether invasive ICP monitoring is required. Patients with post-resuscita-
tion GCS of < 9 without mass lesion needing evacuation should have an ICP 
monitor. Patients with a GCS of 8–14 present a diffi cult decision as often 
they are agitated and combative necessitating sedation, or require intuba-
tion for management of concomitant systemic injuries. Some have suggested 
that serial CT and assessment of basal cistern effacement is suffi cient to 
monitoring in patients under 40 years, however given the low risk associ-
ated with modern ICP monitoring and the potentially devastating and ir-
retrievable effect on outcome of undiagnosed intracranial hypertension we 
recommend that any patient with TBI who cannot be assessed neurologi-
cally at regular intervals with sedation breaks should have ICP monitoring. 
Adjunct multimodality monitoring varies between centres and includes 
microdialysis, brain tissue oxygen sensor, and thermodilution blood fl ow 
probes.

2. ICP CONTROL

Once invasive monitoring is instituted ICP should be managed aggressively 
with a standardised escalating protocol aimed at maintaining a target ICP of 
less than 25 mmHg and CPP of 60–70 mmHg [3]. An example from our Neu-
rosciences Critical Care Unit is set out in Fig. 1. If medical therapy (including 

Table 3. Criteria for emergency surgery

Extradural haematoma

Volume ≥ 30 cm3 or
Volume 
≤ 30 cm3 and

• Thickness ≥ 15 m
• MLS ≥ 5 mm
• GCS ≤ 8
• Focal defi cit

Subdural haematoma

Thickness ≥ 10 mm 
MLS ≥ 5 mm

or
Thickness
≤ 10 mm MLS
≤ 5 mm

and

•  Deterioration to GCS ≤ 8 
since time of injury

• Unequal pupils
•  Fixed and dilated 

pupil(s)

Parenchymal contusion/haematoma

Volume ≥ 50 cm3 or
Volume
≥ 20 cm3 and

• GCS ≤ 8
• MLS ≥ 5 mm
• Cisternal effacement

Posterior fossa

Any lesion causing mass effect (distortion or obliteration of fourth ventricle, 
effacement of basal cisterns, or obstructive hydrocephalus) or neurological 
impairment/deterioration
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Fig. 1. Intracranial pressure management protocol
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ventriculostomy and drainage of CSF) has been exhausted and refractory in-
tracranial hypertension persists then craniectomy should be considered. The 
role of decompressive surgery is currently being evaluated in the RESCUE-
icp randomised controlled trial (www.rescueicp.com).

3. DEPRESSED SKULL FRACTURES

For closed injuries elevation is indicated if the fracture is depressed by more 
than the width of the skull. The same rule is applied to compound fractures 
but debridement, washout and closure of wounds may be necessary even if 
the fracture itself does not require elevating.

4. BASILAR SKULL FRACTURES

Management is directed at preventing and treating complications. As a rule, 
traumatic CSF fi stulae usually settle without intervention. Ongoing leak 
after seven days should prompt insertion of a lumbar drain to promote seal-
ing off of the dural tear. Only a small minority of patients fail these mea-
sures and require operative repair either via sinus endoscopy or craniotomy. 
There is no evidence that antimicrobial prophylaxis reduces the risk of 
meningitis and such treatment should be  reserved until there is indication of 
infection.

Temporal bone fractures with early facial palsy should be discussed with 
the ENT surgeons who may wish to undertake decompression of the nerve. 
Delayed palsy is managed expectantly. Steroid treatment remains contro-
versial and of uncertain value in both settings. Hearing loss does not benefi t 
from emergent investigation or intervention and should be assessed follow-
ing the acute episode. If a fracture involves the carotid canal then angiogra-
phy must be considered, particularly if there is atypical distribution of 
subarachnoid haemorrhage in the basal cisterns and sylvian fi ssue, or if 
there is otherwise unexplained poor GCS or lateralising neurological signs.

Potentially unstable occipital condyle fractures necessitate the hard cervi-
cal collar to be kept on and consideration of either internal fi xation or con-
servative management with defi nitive immobilization in a halo vest.

5. SURGICAL APPROACH

For the majority of lateralised supratentorial injuries the standard fronto-
temporoparietal fl ap is the approach of choice. This craniotomy affords 
suffi cient access to the structures most commonly injured in trauma – mid-
dle meningeal vessels, temporal and frontal poles, bridging veins to the 
sagittal sinus – and allows the surgeon to comfortably evacuate clot and 
obtain haemostasis. Furthermore, if at the end of surgery the brain is 
oedematous leaving the bone fl ap out provides a suitable decompressive 
craniectomy.
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The craniectomy performed for decompression of predominantly dif-
fuse injury is dictated by any signs suggesting more severe oedema in one 
hemisphere (e.g. midline shift, unilateral cisternal effacement) in which case 
a frontotemporoparietal fl ap is suitable. In generalised oedema a bifrontal 
craniectomy is the procedure of choice.

SURGERY

1. OPERATIVE TECHNIQUES

1.1 General considerations

Most procedures for trauma affecting the supratentorial compartment are per-
formed with the patient supine and the head turned to the side contralateral to 
the lesion, with the exception of the bifrontal craniotomy which is performed 
with the head in a neutral position. A horseshoe headrest is suffi cient for clos-
ing scalp lacerations and elevating uncomplicated depressed skull fractures, 
however procedures potentially involving craniotomy should be performed 
with the head secured in the three-pin Mayfi eld clamp. Jugular venous obstruc-
tion from excessive neck rotation is avoided by elevating the shoulder and hip 
ipsilateral to the operative side. If there is potential cervical spine instability 
instead of rotating the neck the patient is placed in the lateral position. If the 
thoracolumbar spine is not cleared then the procedure can still be carried out in 
the supine position but the whole spine should be maintained in neutral align-
ment by extensively padding the shoulders, back, hips, and knees.

For posterior fossa craniectomy the patient is turned prone with the 
head secured in the Mayfi eld clamp. Great care should be taken during 
positioning of a patient with cervical spine injury in a prone postion as the 
immobilizing collar will need to be removed to allow for the approach.

Trauma procedures are often performed in patients who have multiple 
injuries, physiological derangements (including coagulopathy), and poten-
tial haemodynamic instability. Precautions such as large-bore venous access 
and readily available blood cross-matched products are mandatory. Close 
communication with the anaesthetist and theatre staff is essential in main-
taining optimal cerebral physiology during surgery and in making proce-
dures as uncomplicated as possible.

1.2 Depressed skull fracture

In a compound injury it is usually possible to incorporate the laceration in 
a linear or lazy-S incision to provide adequate exposure of the fracture. A 
caveat to this is in a fracture involving the frontal air sinus where, rather 
than extend lacerations on the forehead it is preferable to perform a bicoronal 
incision.
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The bone fragments are often impacted. Elevation can be performed either 
via a burrhole sited alongside the fracture or by using a high-speed burr on 
the fragments to free them. Each piece of bone is removed, avoiding down-
ward pressure, to reveal the dura and, following thorough inspection, any 
tears are washed out and closed in a watertight fashion. If the bone fragments 
are large enough they should be reconstructed using bioplates and replaced to 
fi ll the defect. Otherwise, and only if there is no evidence of infection, a tita-
nium mesh cranioplasty should be fashioned and the scalp closed in layers. If 
there is gross contamination of the wound the bone defect should be left and 
the scalp closed in a single layer with monofi lament suture.

Fractures involving only the anterior wall of the frontal sinus may be fi xed as 
described above or if the depression is not cosmetically signifi cant then closure 
of any forehead lacerations is suffi cient. When both the anterior and posterior 
walls are fractured the risk of infection and CSF leak is much higher and it is 
necessary to perform a bifrontal craniotomy (see below) to allow full inspection 
for dural tears and to repair the fracture. The pericranium is developed in a 
separate layer whilst refl ecting the myocutaneous fl ap. Depressed fragments of 
the anterior wall are reconstructed and fragments of the posterior wall are re-
moved – however, it is usually not necessary to formally remove the entire pos-
terior wall (“cranialising” the sinus). The mucosa of the sinus is stripped and 
pushed down to occlude communication with the ethmoidal and nasal cavities 
and may be sealed with fi brin glue. Once any dural tears have been addressed the 
pericranial fl ap is laid over the frontal sinus. If there are associated fractures of 
the ethmoids or anterior cranial fossa fl oor these can be repaired with more fi -
brin glue or fascia lata graft if the pericranium is insuffi cient. A layered repair can 
be secured over the fracture with a small titanium mesh if necessary. The bone 
fl ap is replaced with four craniofi x and the galea and skin are closed in the usual 
fashion over a suction drain. If the patient had a pre-operative CSF leak or is at 
high risk then a lumbar drain for 3–5 days post-operatively is prudent.

Elevation of fractures involving a venous sinus should be planned on the 
assumption of a bone fragment having perforated the sinus wall. Preparations 
for rapid haemorrhage should be in place and an assistant should be ready to 
manoeuvre the operating table at a moments notice. At surgery, decompres-
sion of the fragments may release any tamponade resulting in profuse bleed-
ing and risk of air embolism. Continuous generous irrigation over the sinus 
during elevation reduces the chance of embolism and wet swabs should be at 
hand to immediately cover the sinus. Small holes or tears can be managed 
with surgicel or gelfoam and gentle pressure. Direct closure of tears can be 
performed if it does not result in sinus stenosis. For larger ruptures a patch 
repair using pericranium or fascia lata is required.

1.3 Frontotemporoparietal craniotomy

The “question-mark” incision begins 1cm anterior to the tragus and is fi rst 
curved superioposteriorly over the ear, then superiomedially to reach with-
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in 1 cm of the midline and continued anteriorly ending just before the hair-
line, or, optionally, curved 2–3 cm across the midline. Below the superior 
temporal line (STL) the incision is to the galea, above the incision is made 
directly on to bone. At 10 cm intervals bleeding from larger scalp vessels 
is controlled with bipolar diathermy and Raney clips are applied to the 
skin edges, and then the incision is continued. Once the incision is com-
plete, temporalis fascia and muscle is divided in line with its fi bers down to 
bone with cutting monopolar diathermy, half a centimetre from the skin 
margin. The myocutaneous fl ap is then refl ected inferiorly elevating the 
periosteum from the frontal and parietal bones and temporalis off the tem-
poral bone with a combination of sharp dissection and diathermy until 
the keyhole is exposed and the orbital rim palpable. The fl ap is retained by 
placing three or four sutures as low as possible in the undersurface of 
temporalis and securing these under tension to the drapes with artery or 
towel clips. It is important to control any bleeding from branches of the 
superior temporal artery now to avoid problematic haemostasis later in the 
operation.

Burrholes are placed at the inferior point of the temporal bone, the most 
anteromedial point of the frontal bone, the most posteromedial point on the 
parietal bone, the keyhole, and midway between temporal and parietal burr-
holes along the wound margin (Fig. 2). A free bone fl ap is completed with the 
craniotome extending medially to within 1–2 cm from the sagittal sinus cut-
ting the section parallel to the sinus last. In patients precipitously deteriorat-
ing prior to induction or with escalating ICP the temporal burrhole should be 
made fi rst and quickly extended circumferentially with Kerrison’s rongeurs, 
(and the dura incised in cruciate fashion in the case of SDH) and clot suc-
tioned as a temporising measure whilst the remainder of the craniotomy is 
completed. The sphenoid wing should then be nibbled down, any bleeding 
bone edges controlled with wax, and the edge of the craniotomy lined with 
surgicel.

Fig. 2. Frontotemporoparietal craniotomy
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1.4 Evacuation of extradural haematoma

Extradural haematoma is removed using suction and generous warm irriga-
tion; clot can be gently stripped off the dura with forceps if necessary. As 
the evacuation proceeds bleeding points (usually from middle meningeal 
branches) should be controlled with bipolar diathermy. If bleeding contin-
ues despite cauterizing the visible branches of the middle meningeal then, 
with an assistant providing suction and irrigation, the temporal lobe is 
retracted to reveal the foramen spinosum and this is packed with a combi-
nation of bonewax and surgicel or gelfoam. Once any brisk haemorrhage 
has been stopped further haemostasis is best achieved by placing hitch 
stitches at 1–2 cm intervals along the dural margin to tamponade residual 
venous ooze and prevent recollection. These may be tethered to the perios-
teum and subgaleal tissue or oblique holes can be drilled in the bone edge. 
If there is suspicion of a concomitant subdural haematoma (either from 
preoperative imaging or at operation) a 5–10 mm incision can be made in the 
dura for inspection and closed if negative. To close, a sheet of surgical is laid 
on the dura and the bone fl ap is replaced with three craniofi x. The central 
dura is hitched via two holes drilled in the centre of the bone fl ap. Galea and 
skin are closed over a suction drain.

1.5 Evacuation of subdural haematoma

A frontotemporoparietal craniotomy is performed as described above. To ac-
cess the subdural space a wide dural incision is made based on the sagittal si-
nus or inferior extent of the craniectomy. Subdural haematoma is removed 
with suction and warm irrigation, with particular care taken to not to unduly 
disrupt the arachnoid and pia. Bleeding points on the cortical surface are con-
trolled as the evacuation progresses toward the part of the haematoma nearest 
the sagittal sinus. Great care is taken not to tear bridging veins whilst suction-
ing the haematoma, however, if one of the veins is bleeding or avulsed then it 
should be controlled with bipolar diathermy. A very proximal tear to a bridg-
ing vein or one that involves the sinus wall is better controlled with surgicel 
applied with gentle pressure using a patty, which is then left to tamponade 
whilst evacuation and haemostasis in other areas is attended to. Using a broad 
spatula the frontal, temporal, and parietal lobes are gently retracted in turn 
and the subdural space inspected for residual haematoma. Hitch stitches place 
at 2–3 cm intervals are useful again as epidural oozing often begins following 
decompression of the SDH.

If the brain is slack following evacuation of the haematoma and the dura is 
easily approximated then it is closed in a watertight fashion with running 3-0 
Vicryl. The bone fl ap is replaced with three craniofi x and the frontal burrhole 
fi lled with bone dust.

If there is any concern regarding intracranial pressure from residual mass 
lesions such as parenchymal contusions (which may potentially evolve) or 
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from brain oedema then further releasing incisions are made in the dural edg-
es and the dural fl ap is laid on the brain surface but not closed. A large sheet 
of surgicel is laid over the brain and dura, the bone fl ap is not replaced and the 
galea and skin are closed meticulously to avoid CSF leak.

1.6 Evacuation of intracerebral haematoma and contusions

Following craniotomy, evacuation of an intracerebral haematoma proceeds 
as for spontaneous or aneurysmal haemorrhage. If the clot points to the corti-
cal surface then it is entered through this point, otherwise a small corticotomy 
over the haematoma is made. The central bulk of the haematoma is removed 
with suction and irrigation and the cavity is then thoroughly inspected using 
the operating microscope. Once there has been satisfactory decompression 
haemostasis is achieved by lining the cavity with surgicel. As for SDH, a deci-
sion then has to be made whether to replace the bone fl ap.

Adequate surgical decompression in patients with diffuse injury and con-
tusions depends on craniectomy. Contusions may be evacuated in the process 
of obtaining haemostasis and this is particularly true at the temporal tip where 
contusions frequently evolve and haemorrhage further. However, other than 
for these reasons, the additional benefi ts of debriding contusions is question-
able as potentially eloquent or salvageable brain is removed together with 
haematoma and may negatively impact on outcome.

1.7 Bifrontal decompressive craniectomy

The patient is positioned as above with the head positioned neutrally and the 
neck slightly fl exed. A bicoronal incision connecting the two points 1cm in 
front of the tragi is made behind the hairline. The scalp is refl ected forward in 
the aponeurotic layer until the orbital rim is palpable. The temporalis muscle 

Fig. 3. Bifrontal decompressive craniectomy
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is divided along its fi bers half a centimetre in front of the incision and re-
fl ected anterioinferiorly. Depending on the degree of injury to the temporal 
lobes the craniotomy can be taken to just below the superior temporal line or 
more inferiorly.  Burrholes are placed in the temporal area and keyhole point 
bilaterally (Fig. 3). Two further burrholes are placed on the midline over the 
sagittal sinus at the anterior and posterior extents of the intended craniotomy, 
with the option for intermediate burrholes to free the dura from the bone. 
Anteriorly it is preferable to avoid entering the frontal sinus and the distance 
above the orbital rim at which the sinus ends should be gauged from the CT 
scan. Lateral to the frontal sinus the craniectomy is taken as close to the orbital 
rim as possible. Posteriorly the burrhole should be placed 1cm in front of the 
skin incision to facilitate future cranioplasty. Particular attention should be paid 
to stripping the dura around the midline burrholes and it is helpful to begin a 
channel for the craniotome with Kerrison’s rongeurs to minimise the chance of 
injury to the sagittal sinus. The craniectomy is then completed on both sides 
cutting away from the sinus. Raising the bone fl ap presents the greatest risk of 
tearing the sinus and should be performed with great care. If there is a sinus 
injury then prevention of air embolism and repair are performed as described 
above. If the frontal air sinus has inadvertently been entered then it should be 
occluded as detailed above. Strips of surgicel are placed along the sinus and 
around the margins of the craniotomy and bonewax applied liberally to the 
bone edges. Symmetrical U-shaped dural fl aps are cut based on the sagittal si-
nus and further releasing cuts in the dural edges can be made if the brain is very 
tense. Lastly, the sagittal sinus is ligated no more than 1 cm from its most ante-
rior point and then the frontal lobes are gently retracted to allow division of the 
insertion of the falx into the anterior fossa fl oor with scissors. The dural fl aps 
are laid over the cortical surface and two large squares of surgicel are placed 
over each hemisphere. The galea and skin are closed in the normal fashion.

1.8 Posterior fossa craniectomy

Post-traumatic haematomas in the posterior fossa are evacuated via bilateral 
suboccipital craniectomy. A linear midline incision is made from 1 to 2 cm 
superior to the external occipital protruberance to the level of C2–3. The par-
aspinal muscles are dissected in the avascular median raphe which is contin-
ued superiorly in a Y-shape parallel to the superior nuchal line to leave a cuff 
of tissue for closure. The muscles are dissected from the skull base with mo-
nopolar diathermy. For rapid decompression multiple burrholes can be made 
and the craniectomy completed with Kerrison’s rongeurs. Alternatively burr-
holes are placed laterally over the transverse sinus and a bone fl ap can be 
completed using the craniotome. As in the supratentorial compartment 
 extradural haematomas are removed with irrigation and suction with meticu-
lous control of bleeding points with bipolar diathermy. Bleeding from the 
transverse sinus or, less commonly, the sigmoid sinus should be stopped with 
surgicel applied with gentle pressure using a cottonoid patty. Larger tears 
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should be managed similarly to the sagittal sinus (above). Hitch stitches 
should be placed circumferentially before closing.

The durotomy to evacuate subdural haematoma is performed in a 
Y-shaped fashion taking care to ligate the occipital sinus if patent. Clot is then 
gently suctioned and a thorough inspection is undertaken to identify any bleed-
ing from bridging veins or the sinuses. The dura is not closed primarily and is 
either left open or an expanding duraplasty can be performed with a suitable 
synthetic dural graft. Hitch sutures should be placed around the dural edges.

Traumatic cerebellar haematomas are evacuated via a small corticotomy 
made with the bipolar diathermy and using the operating microscop0065. 
Once the bulk of haematoma is removed the cavity is lined with surgicel to 
obtain haemostasis. When substantial swelling is anticipated the posterior 
arch of the atlas can also be removed to make further room.

In all posterior fossa procedures meticulous closure of the fascia, subcuta-
neous layer and skin are paramount to prevent post-operative cerebrospinal 
fl uid fi stula.

2. PROGNOSIS AND OUTCOME

The standard assessment of outcome following TBI is the Glasgow Outcome 
Score at six months post-injury. In clinical trials, the GOS is often dichotomised 
into favourable (GOS 4–5) and poor (GOS 1–3) outcomes. Recent studies have 
shown that TBI management in neurosurgical centres signifi cantly improves 
outcome compared with non-specialist centres [10]. Implementing standardised 
ICP protocols and surgical interventions has signifi cantly improved outcome 
compared to historical controls with yearly reductions in mortality. Despite this 
progress, mortality at 6 months in severe TBI remains approximately 30% [8]. A 
further 20% of patients are in the vegetative state or severely disabled leaving 
50% with favourable outcome. Several models have been developed to help pre-
dict outcome for individual patients and in general concur that the principal fac-
tors are age, motor component of the initial GCS, and pupil reaction [6, 7, 9].

Data on long-term outcomes are lacking, particularly with respect to pa-
tient reported measures of quality of life. Nevertheless, it is clear that many 
survivors of TBI have problems with cognition, emotional diffi culties, de-
pendence for activities of daily living, and few return to their previous level of 
employment [12].

HOW TO AVOID COMPLICATIONS

1. INEFFECTIVE OPERATION

Management of raised ICP is inherently time critical, and inadequate decom-
pression, whether evacuation of haematoma or craniectomy may drastically 
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change outcome for a patient. In contrast to current trends toward minimally 
invasive surgery, trauma procedures necessitate large craniotomies for evacu-
ation of haematoma, thorough inspection, and haemostasis. Moreover when 
decompression is required if the craniect  omy is too small the pressure against 
the brain at the bone edges may cause venous infarction and further oedema. 
Generally, in supratentorial compressive craniectomy a minimum bone fl ap 
size of 12 cm diameter is recommended.

2. RECOLLECTION OF HAEMATOMAS

Meticulous haemostasis is imperative intra-operatively and both anaesthet-
ic and critical care teams should aggressively correct coagulopathy. Avoid-
ing venous obstruction and dural hitch sutures are important in stopping 
ooze which develops when venous tamponade is released during haemato-
ma evacuation and decompression. The operating microscope is invaluable 
to assist in obtaining haemostasis within haematoma cavities.

CONCLUSIONS

Operative intervention in cranial trauma has an ancient history but until 
relatively recently a pessimistic view prevailed on the supposition that the 
severity of injury was the only real determinant of outcome, and subse-
quent treatment beyond supportive care did not change prognosis. 
However, in the latter half of the 20th century parallel advances in neu-
roimaging, anaesthesia, intracranial monitoring, and our knowledge of the 
basic pathophysiology underlying brain injury prompted a reappraisal of 
TBI management. There is now ample evidence to demonstrate that sig-
nifi cant improvements in outcome can be gained by prompt institution of 
standardised care. Perhaps more than in any other aspect of neurosurgery 
a good working understanding of both medical and surgical treatment mo-
dalities is necessary to manage the individual patient and optimise their 
recovery.
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HYDROCEPHALUS IN ADULTS (INCLUDING 
NORMAL PRESSURE HYDROCEPHALUS 

SYNDROME)
T. TROJANOWSKI

INTRODUCTION

Hydrocephalus is defi ned as an increase of the amount of cerebrospinal 
fl uid (CSF) within the cerebral ventricles and/or subarachnoid spaces of the 
brain which equals an enlargement of the intracranial spaces containing 
CSF.

It can result from loss of equilibrium between production (overproduc-
tion) and elimination (impaired absorption) of the CSF or an obstruction in 
its circulation.

Hydrocephalus was fi rst described and named by Hippocrates 
 (466-377 BC). Andreas Vesalius (1514–1564) presented the concept of hydro-
cephalus as accumulation of water inside the ventricles. In 1701 Pacchioni 
discovered arachnoid granulations but wrongly associated them with secre-
tion of CSF. In the beginning of 20th century Walter Dandy and Kenneth 
Blackfan studied hydrocephalus in an animal model and showed that remov-
al of the choroid plexus, before occlusion of aqueduct or of the foramina, 
prevented development of hydrocephalus. This showed that plexus is gener-
ating much of the CSF. It was only in the second half of the century when 
extensive research on hydrocephalus provided understanding of its patho-
physiology and provided concepts for treatment. Removal of the choroid 
plexus proposed by Dandy was replaced by open third ventriculostomy per-
formed in 1940 by White and Michelsen, Dandy and Stookey and an endo-
scopic method described by Mixter.

A major progress in the management of hydrocephalus came with intro-
duction of a variety of shunting procedures, diverting excess of CSF into 
various body cavities or vessels.

In the recent years multiple studies searched for methods of selecting 
patients with NPH who would benefi t from treatment by shunting. Progress 
in imaging and improvements in shunt technology, particularly introduction 
of an anti-siphon device, fl ow controlled valves and those with externally 

Keywords: hydrocephalus, idiopathic normal pressure, shunt
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adjustable opening pressure enhanced understanding and management of the 
condition.

RATIONALE

Overproduction of CSF in excess of its absorption is rare and may occur in 
neoplasms of the choroid plexus: papillomas and choroid plexus carcinomas. 
Reduced absorption capacity of the CSF follows in some patients subarach-
noid or ventricular haemorrhage, meningitis, or accompanies increased ve-
nous pressure in the superior saggital sinus occurring in superior vena cava 
syndrome and in sinus thrombosis. Disturbed CSF circulation results from 
obstruction of the CSF pathways. This may occur in the ventricles, but can 
also take place in the subarachnoid space at the base of the brain or over the 
convexity. Tumors, haemorrhages, congenital malformations and infections 
can cause obstruction at any point in the pathways [7].

The intracranial pressure may increase under the infl uence of the mecha-
nisms leading to hydrocephalus but it may also remain at the normal level.

Different forms of hydrocephalus are given specifi c names indicating ba-
sic differences between them.

Communicating hydrocephalus occurs when a patent communication be-
tween the ventricles is maintained and the fl ow is disturbed after CSF exits 
the ventricles into the subarachnoid space.

Non-communicating or obstructive, occlusive hydrocephalus develops 
when CSF fl ow is obstructed within the ventricular system leading to en-
largement of the isolated parts of the ventricular system. Normal pressure 
 hydrocephalus is recognized when cerebral ventricles are enlarged without 
increase in intracranial pressure and a characteristic set of neurological symp-
toms is presented. Hydrocephalus ex vacuo is a form of cerebrospinal spaces 
enlargement resulting from reduction of the volume of the brain damaged by 
ischemia, injury or degeneration. Intracranial pressure in those cases is nor-
mal. Enlargement of the cerebral ventricles is merely a replacement of lost 
cerebral tissue with CSF and no imbalance in fl uid production and absorp-
tion exists. Some authors hesitate to diagnose this condition a hydrocephalus. 
Arrested hydrocephalus is a stable enlargement of the ventricles in patients 
whose neurological status do not change. It represents a condition persisting 
after a temporary enlargement of the ventricles triggered by a transitory 
cause.

Development of a hydrocephalus may be rapid in acute hydrocephalus or 
may take weeks to years in chronic hydrocephalus.

Paediatric hydrocephalus has its specifi c causes, course, pathology and 
treatment and is presented in another chapter. Adult hydrocephalus is of an 
acquired type, communicating or non-communicating. The main form is 
normal pressure hydrocephalus (NPH) which needs to be differentiated from 
hydrocephalus ex-vacuo.
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DECISION-MAKING

1. SYMPTOMS OF ADULT-ONSET HYDROCEPHALUS

Symptoms of adult-onset hydrocephalus vary depending on the ICP level 
associated with the condition.

In occlusive hydrocephalus with elevated ICP symptoms may include 
headache, nausea, vomiting and, sometimes, blurred vision. There may be 
problems with balance, walking and poor motor coordination. Irritability, 
fatigue, seizures, and personality changes, diffi culties in concentration or 
memory deterioration may also develop. Drowsiness and double vision occur 
with higher ICP levels.

Normal pressure hydrocephalus (NPH) also called Hakim-Adams syn-
drome after the fi rst authors who described it in 1965 presents in adults and 
is of a chronic, communicating type. A decrease in absorptive capacity of 
the arachnoid villi in the subachnoid space leads to increase of the CSF out-
fl ow pressure. This may result from a subarachnoid hemorrhage, head trau-
ma, infection, neoplasm or complications of surgery. However, in many 
patients NPH occurs even when none of these conditions is present. It can 
occur at any age, but it is most common over the age of 50 with the mean 
age at onset close to 70. In cases with unknown aetiology it is called idio-
pathic normal pressure hydrocephalus (INPH). It has been shown, that in 
NPH and INPH there are periodical fl uctuations of intracranial pressure 
with high level intervals, at least in the early stages of the disease. Therefore 
the name normal pressure may be misleading. Presence of intermittent ele-
vation of ICP provides also a rationale for treatment by shunting, which 
cuts off the peaks of ICP waves, damaging the brain. NPH is caused by a 
blockage of the CSF draining pathways in the brain with increasing outfl ow 
or absorption pressure. Although the ventricles enlarge, the pressure of the 
CSF remains within normal range. The syndrome is important because it 
accounts for 5 to 6 percent of all cases of dementia, and occurs in 0.4% of 
the population [7].

NPH has a very distinct symptomatology. It is a triad of progressing 
symptoms consisting of gait disturbances, incontinence and cognitive decline 
eventually leading to dementia.

Walking disturbances are characterised by general slowing of movements. 
Gait is wide-based, steps are short, and shuffl ing. There are diffi culties in go-
ing up and down stairs and over the curbs which may result in frequent falls. 
These disturbances range in severity from mild imbalance to the inability to 
stand or walk at all. Patients may have diffi culty turning around. They turn 
very slowly with multiple steps. Gait disturbances are usually the fi rst, most 
consistent and most pronounced symptom.

Impairment in bladder control in mild cases consists of urinary frequency 
and urgency whereas in more severe cases a urinary incontinence occurs.
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Mental impairment and dementia presents as a loss of interest in daily ac-
tivities, gradual loss of short-term memory, leading to diffi culties in carrying 
routine tasks. In NPH those symptoms are often overlooked for years or ac-
cepted as an inevitable consequence of aging. The patients themselves may be 
less aware of their defi cits because of the cognitive impairment. The symp-
toms get worse over time. Neuropsychological testing plays an important 
role in identifying intensity of mental impairment.

Because NPH symptoms may also be present in other disorders such as 
Alzheimer’s disease, Parkinson’s disease and Creutzfeldt-Jakob disease, cor-
rect diagnosis requires additional tests, including CT and MR brain scans, 
CSF dynamics, intracranial pressure monitoring and neuropsychological 
testing. Using MR it has been established that mean intracranial CSF volume 
in INPH is 280 ml compared to 195 ml in controls [9].

Differentiating NPH from ventricular enlargement in the course of brain 
atrophy and ageing is still diffi cult, despite a great variety of tests used to 
evaluate CSF fl ow dynamics, isotopic cisternography, MR fl ow studies, ICP 
monitoring, infusion test, CSF evacuation and neuropsychology [7].

Syndrome of hydrocephalus in young and middle-aged adults (SHYMA) is a 
recently described form of hydrocephalus. It is different from hydrocephalus 
diagnosed in infancy and early childhood as well as from adult-onset NPH. The 
syndrome name proposed by Dr. Michael Williams is described in the literature 
under a variety of self-explanatory terms like: late-onset idiopathic aqueductal 
stenosis, long-standing overt ventriculomegaly of the adult, and late-onset ac-
queductal stenosis. The cause of SHYMA may be congenital with a few or no 
symptoms in childhood, acquired after head injury, following meningitis or in 
the course of a brain tumor. It is idiopathic when no cause can be identifi ed.

SHYMA is characterized by headache, subtle gait disturbance, urinary 
frequency, visual disturbances and some level of impaired cognitive skills. 
The job performance and personal relations of those patients can be affected 
at various degree. Early diagnosis is an important factor in obtaining resolu-
tion of symptoms.

In patients with disturbed gait, bladder control and mild dementia, SHYMA 
is diagnosed using a combination of CT and MR brain scans, intracranial 
pressure monitoring, lumbar puncture, ICP monitoring, measurement of CSF 
outfl ow resistance, isotopic cisternography and neuropsychological tests.

In properly diagnosed cases, treatment with shunting can reverse many of 
the symptoms, restoring much cognitive and physical functioning. In un-
treated patients symptoms can become disabling, leading to severe cognitive 
and physical decline [3].

2. ADULT HYDROCEPHALUS

Adult hydrocephalus is treated in the ways appropriate to the type of hydro-
cephalus and its mechanism.
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In occlusive hydrocephalus the cause of CSF pathways obstruction, usu-
ally a tumor, should be removed. If this is not possible a diversion of the fl uid 
with endoscopic third ventriculostomy or a shunt is an option. Endoscopic 
third ventriculostomy is applicable when cerebrospinal pathways are ob-
structed beyond the third ventricle and absorptive capacity of the arachnoid 
remains adequate [4].

In most cases symptomatic non-communicating hydrocephalus needs to 
be treated before permanent neurologic defi cits develop or neurologic defi -
cits progress.

In urgent situation of rapid development of acute hydrocephalus it can be 
treated with temporary measures using ventricular drainage before the un-
derlying condition, for example a posterior fossa tumor is removed, or intra-
ventricular blood absorbed.

CT and MR scan delineates the degree of ventricular enlargement and in 
many cases discloses the causal aetiology. The degree of the ventricular en-
largement can be evaluated by an Evan’s index, which is a ratio of greatest 
width of the frontal horns of the lateral ventricles to the maximal internal 
diameter of the skull. An index exceeding 0.3 is indicative of a hydrocephalus. 
T2-weighted MR images can show transependymal fl ow of CSF and sub-
ependymal white matter damage. Widened temporal horns and fl attened cor-
tical sulci at the top of the brain are also found in NPH [2].

Differential diagnosis is based on a combination of clinical symptoms, im-
aging and tests predicting likelihood of improvement after shunting. All types 
of hydrocephalus may present with disturbed balance and gait, as well as cog-
nition. It is important to identify patients with dementia in the course of sub-
cortical or vascular dementia in Binswanger’s or Alzheimer’s disease and in 
Parkinson’s disease in whom treatment with shunting is ineffective. Extensive 
leukoaraiosis is more common in vascular dementia then in ventricular dila-
tion in INHP.

Predictive tests either measure CSF fl ow dynamics or simulate shunting 
by removal of the CSF.

Isotopic cisternography monitors absorption of CSF by tracing with gam-
ma-camera a radioactive isotope injected into the lumbar subarachnoid space. 
Accumulation of isotope over the cortical surface indicates normal fl ow dis-
tribution. In NPH isotope enters the ventricular system. This method has not 
been proven to be reliable and was generally abandoned after 1992.

Infusion tests are based on recording of ICP during infusion of artifi cial 
CSF into the lumbar subarachoid space or into the lateral ventricle. It allows 
calculation of CSF outfl ow resistance, compliance, CSF formation rate and 
dural venous pressure. Despite variations in the conduction and interpreta-
tion of the test the outfl ow resistance is regarded to be the most reliable pre-
dictor of effectiveness of shunting. Patients correctly selected for shunting 
based on elevated outfl ow resistance may not improve if the disease has 
reached an irreversible stage [8].
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The fl ow within the CSF spaces can be studied non-invasively with MR. 
Increased velocity or volume of natural pulsatile fl ow in the aqueduct follow-
ing blood pulsations predict favourable outcome of shunting.

Draining of 40–50 ml of CSF by lumbar puncture or continuous drainage 
of 150–250 ml a day in 2–4 days should temporarily relive NPH symptoms, 
but not those related with other forms of dementia. The method has not 
proved to be particularly reliable with false positive and false negative results. 
Lumbar puncture can be simultaneously used to measure intracranial pres-
sure, and provide samples of CSF for analysis. It should only be performed 
after imaging studies rule out an obstruction of the ventricular system and 
increased ICP [8].

ICP monitoring over a period of at least 24 hours with a pressure trans-
ducer inserted into the brain or cerebral ventricle permits detection of pres-
sure waves that speaks for presence of NPH and indicates choice of  treatment. 
Slow, rhythmic oscillations in pressure described as B-waves are regarded to 
be a good indicator of NPH likely to benefi t from shunting, however evi-
dence exists that only a week correlation between ICP and surgical outcome 
exists [10].

Biomarkers offer some hope in enhancing diagnosis. Patterns of the con-
centration of neurofi lament protein light (NFL), hyperphosphorylated tau 
(P-tau) and beta-amyloid (A 42) may help in differentiation of INPH from 
subcortical atherosclerotic encephalopathy [1].

Those supplemental tests can improve the accuracy of predicting a re-
sponse to surgical treatment. CSF shunting provides signifi cant symptom im-
provement in the majority of appropriately evaluated patients.

Patients with NPH who are considered for shunting should have gait dis-
turbances and at least one of the two other elements of the triad: disturbances 
of urination and cognition. They should have dilatation of ventricles con-
fi rmed by imaging and an obstruction of the ventricular system excluded. 
Neuropsychological testing together with imaging help to exclude vascular 
dementia in Alzheimer’s disease. At least one of the CSF dynamics tests 
should be indicative of a reduced compliance of the CSF fl ow. In our institu-
tion a lumbar infusion test with lumbar pressure measurement followed by 
evacuation of 50 ml of CSF and neurological and neuropsychological evalua-
tion are done before decision making. In rare case ICP monitoring over 2 
days is performed [6].

SURGERY

1. OPERATION

In the majority of NPH patients fulfi lling above described criteria a ventricu-
lo-peritoneal shunt is implanted.



435

HYDROCEPHALUS IN ADULTS

Out of the great variety of shunting devices a variable opening pressure 
valves with an antisyphon are mostly used. It enables adjustment of opening 
pressure of the valve without operation. The initial opening pressure of the 
valve is set at the mean ICP level of the patient. This pressure is measured dur-
ing pre-operative CSF-dynamic studies. The opening pressure is adjusted as 
necessary to counteract over- or under-drainage and resulting complications.

Shunt implantations are done in an operating theatre as the fi rst procedure 
of the day, with additional restrictions in personnel circulation during the 
procedure to maintain highest level of asepsis. A single dose of prophylactic 
antibiotic approved for the whole hospital is used. The patient in general an- 
aesthesia is placed supine on the operating table with the head resting on a 
horse-shoe support to allow repositioning during surgery, important at the 
stage of passing under the skin a guide from head to chest. The head is rotated 
to the left, hair shaved in the right frontal, temporal and retroauricular area. 
Upper part of the chest is elevated with a support across the shoulder blades 
to reduce curvature between the head, neck and chest to facilitate passage of 
the shunt passer without additional skin incisions between the head and ab-
domen. Incisions on the head and abdomen are marked and the skin in the 
area of shaved head, neck, chest and upper abdomen scrubbed with an anti-
septic solution, covered with adhesive plastic and draped. A semicircular skin 
and periosteal incision is made immediately in front of the coronal suture and 
2–3 cm to the right of the midline. It is slightly larger then the planned size of 
the burr hole. The skin fl ap with galea and pericranium is separated from the 
bone and retracted with a small self-retaining retractor. A burr hole is made 
with an electric drill. The diameter of the hole should be suffi cient to accom-
modate the valve or a reservoir or provide space for the ventricular drain, 
depending on the construction of the shunt. The wound is temporarily cov-
ered with saline soaked gauze. A 4 cm long linear horizontal skin incision is 
made in the right upper quadrant of the abdomen. Appropriately moulded 
short passer is pushed under the skin from the frontal incision to the retroau-
ricular area, where a secondary small straight skin incision is made. A long 
passer is guided under the skin between the abdominal and retroauricular 
incisions. Depending on the construction of the shunt modifi cations of this 
stage of operation may be necessary. We try to make as few secondary inci-
sions as possible. In most cases one behind the earlobe is suffi cient. Space in 
the subcutaneous tissue is prepared to accommodate valve and/or reservoir 
depending on the shunt type. In shunts without a tube shape passer pulling of 
the abdominal drain with a thread passed through the subcutaneous tunnel 
may facilitate the process. The peritoneal drain is passed from the frontal to 
the abdominal skin incisions. The dura and cortical arachnoidea are incised 
with No 11 blade and coagulated with a bipolar cautery. Making an incision 
prior to coagulation gives better control of the size of the dural opening and 
secure haemostasis. The size of the incision should be just large enough to 
allow passage of the ventricular drain. Larger opening increases the risk of 
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CSF subcutaneous leak along the drain. The ventricular drain of the length 
determined preoperatively on the MR is inserted perpendicularly to the bone 
into the lateral ventricle, anterior to the foramen of Monroe using a stylet. It 
is rarely necessary to use a ventriculoscope to confi rm correct placement of 
the tip of the catheter, away from the choroid plexus. Proximity of ventricular 
catheter tip to the choroid plexus increases the risk of drain occlusion by ad-
hesions with plexus. The usual length of the catheter is 5–6 cm. If shunt con-
struction requires connecting ventricular and peritoneal catheters it is done at 
this stage. Drains are secured on the connector with a non-absorbable thread. 
Making a knot connecting both ligatures decreases the risk of disconnection. 
Free fl ow of the CSF from the peritoneal end of the shunt confi rms patency 
of the system. Now abdominal straight muscle is split along its fi bre lines, 
peritoneum elevated, opened with scissors and secured with clamps. The dis-
tal catheter of the shunt is introduced through the opening into the peritoneal 
cavity. It is suggested that a single-end hole catheters are more resistant to 
occlusion then those with multiple side holes or slits. A length of around 
40 cm of catheter is left in the peritoneal cavity with a purse-string suture of 
the peritoneun tied around the entry point. Placing the drain over the liver is 
believed to reduce the risk of occlusion by peritoneal adhesions. Skin wounds 
are sutured in layers and dressing applied.

A lumboperitoneal shunt may be used as an alternative to the commonly 
used ventriculoperitoneal shunt. They are used if ventricles are small, like in 
pseudotumor cerebri. They tend to overdrain and cause headache, therefore a 
positional valve turning off the fl ow of CSF when the patient is upright is 
recommended.

Other types of shunts, like ventriculo-atrial or ventriculopleural are used 
very rarely in NPH and usually in special circumstances. Ventriculoatrial 
shunting is used in patients with contraindications for insertion of an ab-
dominal catheter, which occurs after multiple abdominal operations, in exten-
sive peritoneal adhesions, malabsorptive peritoneal cavity. Complications of 
the ventriculoatrial shunt include renal failure, great vein thrombosis, catheter 
thrombosis or cardiac arrhythmias. They are more common and severe then 
complications in ventriculoperitoneal shunts [5].

Shunting should not be performed in infected patients or those with high 
CSF protein level of >150 mg/dL.

2. POSTOPERATIVE CARE

Wounds are kept dry under sterile dressings. Skin sutures on the head are 
removed on the 5th postoperative day and those on the abdomen on the 7th 
day.

Plain radiographs of the implanted shunt provides control of the position of 
the shunt and connections as well as a good baseline for the future. In  patients 
with variable pressure valve it confi rms the setting of the opening pressure.
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Postoperative CT scan is used to document ventricular size, although a 
scan performed shortly before the operation may suffi ce.

Patients with high brain compliance should be mobilized and brought to 
the upright position gradually to reduce the incidence of overdrainage and 
subdural haematoma formation.

3. COMPLICATIONS

Shunts are prone to complications. They include mechanical failure, infec-
tions and obstructions.

If the volume of drained CSF is inadequate the problem of overdraining 
or underdraining occurs. It results from an inappropriate opening pressure of 
the shunt system for the individual patient.

A shunt malfunction may be indicated by headaches, vision problems, ir-
ritability, fatigue, personality change, loss of coordination, diffi culty in wak-
ing up or staying awake, a return of walking diffi culties, mild dementia or 
incontinence.

Overdraining may lead to collapse of the ventricles and development of slit 
ventricle syndrome or to tearing of blood vessels resulting in formation of a 
subdural hematoma. The risk can be reduced by using antisiphon devices and 
avoiding selection of too low opening pressure of the valve. In adjustable pres-
sure valves overdrainage can be overcome by increasing opening  pressure.

Underdraining occurs when the volume of drained CSF is too low. In 
those cases the symptoms of hydrocephalus do not retreat or recur. It is man-
aged by increasing opening pressure of the valve, but sometimes requires oc-
clusion of the shunt system.

Collapse of the ventricular walls and occlusion of the ventricles lead to slit 
ventricle syndrome. It is rare condition occurring after ventriculitis or shunt 
infection. Usually high ICP develops. The slit ventricle syndrome does not 
imply overdrainage. It manifests with symptoms high intracranial pressure. 
Collapsed ventricle tends to block ventricular catheter, which may be resolved 
by a subtemporal decompression creating a pressure reservoir allowing ex-
pansion of the ventricle.

Infections of the shunt system are a serious and common complications of 
shunting. It is estimated that between 5 and 15% of the devices become in-
fected, of which more then a half within the fi rst month after surgery [5].

Eradication of the bacteria, commonly staphylococci, from the foreign 
body of the shunt is extremely diffi cult and usually is achieved only after re-
moval of the system. Infection causes fever, symptoms of meningitis or en-
cephalitis, swelling and tenderness along the shunt drains. Infection is usually 
combined with dysfunction of the valve and sometimes recurrence of the 
 hydrocephalus symptoms.

Prognosis of the treatment of INPH with shunting is uncertain. It de-
pends on the stage of the NPH and the level of brain damage before treat-
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ment. Complications of shunts and their dysfunction further increase the 
failure rate. While the success of treatment with shunts varies, many patients, 
close to 80% of cases diagnosed early, treated in time with proper indications, 
recover almost completely and have a good quality of life.

HOW TO AVOID COMPLICATIONS

Complications are unavoidable but we can reduce their frequency. To achieve 
this goal reliable diagnosis of NPH should be made, appropriate selection of 
patients with high likelihood of effectiveness of shunting. Meticulous execu-
tion of implantation plays an important role in complication avoidance. Too 
long or too short ventricular catheter, placed sub optimally in the ventricular 
system, mechanical damage of the shunt system by inadequate handling or 
bad instruments, too long operation time, violation of strictly aseptic tech-
nique increase the risk of shunt dysfunction or infection.

CONCLUSIONS

Hydrocephalus in adults is different from that occurring in childhood. The 
most common and typical is normal pressure hydrocephalus, presenting a 
typical triad of symptoms. Treatment is basically implantation of a ventricu-
lo-peritonael shunt. Success of the treatment depends on the proper selection 
of candidates for shunting and exclusion of those with dementia in other 
brain conditions. Treatment is safe but not free of complications. Most of 
them can be avoided by using good clinical judgement and meticulous surgi-
cal technique. Bolus resistance testing and gait improvement immediately fol-
lowing shunting are the best prognostic indicators of a favourable outcome. 
It is common that gait and incontinence respond to shunting, but dementia 
responds less frequently.
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ARACHNOID CYSTS
H. W. S. SCHROEDER

INTRODUCTION

Arachnoid cysts are congenital cerebrospinal fl uid-fi lled lesions probably 
arising from anomalous splitting of the arachnoid during prenatal develop-
ment [16]. In some cysts, a valve mechanism seems to play a major role in cyst 
enlargement [12, 13]. During life, these cysts may expand and cause symp-
toms by compressing the neighbouring brain structures or causing occlusive 
hydrocephalus. Therefore, they usually become symptomatic with signs of 
increased intracranial pressure. Furthermore, depending on their location, 
arachnoid cysts may cause seizures, hemisyndromes, increased head growth, 
ocular symptoms, cerebellar symptoms, endocrinological abnormalities, etc. 
Arachnoid cysts can be found anywhere in the brain, but are predominantly 
located in the Sylvian fi ssure [7]. With the increasing use of magnetic reso-
nance (MR) imaging, arachnoid cysts are frequently discovered as an inciden-
tal fi nding. True congenital arachnoid cysts should be distinguished from 
 acquired cysts which may occur after trauma, bleeding, or infection.

RATIONALE

The goal of surgery in arachnoid cysts is simply the creation of a communica-
tion between the cyst and the normal cerebrospinal fl uid (CSF) spaces, i.e. the 
ventricles and/or the cisterns (Fig. 1). This communi cation should be large to 
avoid reclosure of the opening by scarring [2, 14]. When a large opening can-
not be performed for anatomical reasons, a silicon catheter can be placed be-
tween cyst and CSF space. However, foreign material should be avoided 
whenever possible. When all fenestration attempts fail, a cystoperitoneal 
shunt has to be inserted as the fi nal treatment option (Fig. 2).

DECISION-MAKING

1. DIAGNOSTIC CRITERIA

1.1 Imaging

MR imaging is the imaging modality of choice. Our standard protocol for 
arachnoid cysts includes T1- and T2-weighted sequences in axial, coronar, 

Keywords: arachnoid cyst, endoscopy, endoscopic fenestration
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Fig. 1. Schematic drawing of a Sylvian arachnoid cyst showing the fenestration between ca-
rotid artery and oculomotor nerve which creates a communication to the prepontine cistern

Decision Making: Surgical Technique
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Fig. 2. Decision making for surgical technique
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and sagittal plane, as well as high resolution CISS (constructive interference 
in steady state) und IRTSE (inversion recovery turbo spin echo) sequences 
(plane depending from the location of the cyst). Size, confi guration, mass 
effect and width of the ventricles were evaluated (Fig. 3).

1.2 Clinical symptoms

Headaches are the most common complaint. Other symptoms depend from 
the location of the cyst. Sylvian cysts may cause seizures and hemi-syndromes. 
Suprasellar cysts usually lead to obstruction of the aqueduct resulting in oc-
clusive hydrocephalus. Therefore, signs of acute or chronic hydrocephalus 
may occur. Sometimes endocrine dysfunction, such as precocious puberty, is 
the initial symptom. Arachnoid cysts in the pineal region may cause Parinaud 
syndrome or diplopia. Infratentorial cyst often present with dizziness, bal-
ance problems, or cranial nerve dysfunction.

2. INDICATIONS

Symptomatic arachnoid cysts are an indication for surgery if no contraindica-
tions exist. Symptomatic cysts usually show a mass effect on MR imaging 
with fl attening of cerebral gyri, midline shift, and/or ventricular compres-
sion. The surgical indication for asymptomatic arachnoid cysts remains con-
troversial [1, 3, 10]. In my opinion, surgery for asymptomatic arachnoid cysts 
in adults is not justifi ed although the vulnerability of arachnoid cysts in mi-

Fig. 3. Coronal T2-weighted MR image showing a Sylvian arachnoid cyst with midline shift 
and ventricular compression
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nor head trauma is well known. In children however, asymptomatic cysts 
with a signifi cant mass effect that may hinder the normal development of the 
adjacent brain tissue should be treated surgically [1, 4, 11].

SURGERY

1. OPERATIVE TECHNIQUE

In my experience, endoscopic or endoscope-assisted microsurgical cyst fen-
estration is the procedure of choice in most intracranial arachnoid cysts. 
Shunting should be avoided whenever possible and is considered to be the 
last-in-line treatment option although some reports favour shunting over cyst 
fenestration [1, 4].

The positioning of the patient on the operating table depends on the location 
of the cyst. The entry point should be the highest point to prevent excessive CSF 
loss. After general anesthesia has been induced, the head is placed in three-pin 
fi xation. Single shot antibiotic prophylaxis (1.5 g cefuroxime) is administered 
intravenously. When required, computerized neuronavigation is installed and 
referenced. Neuronavigation is helpful in selecting the ideal entry point and the 
best trajectory [15]. In cystic cavities, lacking anatomical landmarks, neuronavi-
gation is sometimes mandatory to stay oriented. When neuronavigation is not 
used, the entry point is determined according to the best trajectory obtained 
from MR imaging. Then the operating fi eld is prepared and draped.

If an endoscopic procedure is performed, a 10-mm burr hole is made at the 
entry point. The endoscopic sheath with trocar inside is inserted free-hand or 
under navigational guidance into the cyst or ventricle and fi xed with a self-re-
taining holding device. Care is taken to avoid signifi cant CSF loss when directly 
approaching the cyst cavity. Therefore, the endoscopic sheath is inserted imme-
diately after incising the cyst membrane and cottonoids are densely packed 
around the sheath at the level of the burr hole. Then the trocar is removed and 
the endoscope is inserted to inspect the cyst. We use a recently developed rigid 
multipurpose ventriculoscope which has a 6° Hopkins II rod lens optic, a 2.9 mm 
working channel, and two 1.6 mm irrigation channels (Karl Storz GmbH & Co. 
KG, Tuttlingen, Germany). The operations are performed under continuous ir-
rigation with Ringer’s solution at 36°C. Depending on the cyst location, cysto-
cisternostomies, ventriculocystostomies, or ventriculocystocisternostomies are 
made. Once the endoscopic fenestration is accomplished, the cyst is inspected to 
make sure that a suffi cient communication between cyst and cistern or ventricle 
has been created. Then the operating sheath is withdrawn with 
the endoscope inside to look for active bleeding in the puncture canal. Since 
suture of the dura in adults is not feasible, we pack the burr hole with a gelatin 
sponge and tightly suture the galea to prevent subgaleal CSF accumulation and 
fi stula formation. In infants, we suture dura, periost (if possible), temporal fas-
cia, and galea. The skin is closed with a running atraumatic suture.
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For endoscope-assisted microsurgical procedures, a mini-craniotomy (ap-
prox. 2 by 2 cm) is made and a fenestration or partial cyst resection performed 
under microscopic and endoscopic view. For endoscopic visualization, 2.7 mm 
Hopkins II rod lens optics (Karl Storz) with angulated eye piece and different 
angles of view are used. These endoscopes have no working channel. The in-
struments are guided around the endoscope. Because the endoscope is fi xed 
with a self-retaining holding device, the surgeon has both hands free for bi-
manual dissection as he is used to do under the microscope.

2. SUPRASELLAR ARACHNOID CYSTS

Suprasellar arachnoid cysts are an ideal indication for an endoscopic approach. 
Usually large suprasellar arachnoid cyst cause occlusive hydrocephalus due to 
aqueductal obstruction (Fig. 4A and B). The ventricular dilation provides plen-
ty of space for insertion of an endoscope. Because of their characteristic appear-
ance on axial MR images these cysts are also referred to as Mickey Mouse cysts 
(Fig. 4C). The patient is placed supine with the head slightly antefl exed. A 
precoronal burr hole is made 2 cm paramedian on the right side. Thereafter, 
the endoscope is introduced into the right lateral ventricle (Fig. 4D). Usually 
the foramen of Monro is enlarged by the cyst (Fig. 4E). A large fenestration 
into the lateral ventricle (approx. 1 by 1 cm) is created in the cyst wall with the 
aid of bipolar coagulation and scissors (Fig. 4F and G). In cysts with a very 
thin cyst membrane, a bimanual technique is used to prevent collapse of the 
cyst. Via one irrigation channel a fl exible forceps is introduced to hold the 
cyst membrane while scissors are used via the working channel to make the 
fenestration. Then the cyst membrane in front of the aqueduct is coagulated 
with a bipolar diathermy probe to shrink the collapsed cyst and restore CSF 
fl ow through the aqueduct. Once the fenestration has been accomplished 
(Fig. 4H), the inside of the cyst is inspected. The cranial nerves III to VII/
VIII, basilar and vertebral arteries as well as pituitary gland can often be seen 
(Fig. 4I and J). If a valve mechanism is found around the basilar artery, this 
valve should be destroyed because a major pathogenic factor may be elimi-
nated. If anatomically possible, a communication between the cyst and the 
basal cisterns is performed additionally to create a ventriculocystocisternos-
tomy [5]. However, this step of the procedure seems to be not mandatory to 
be successful.

3. SYLVIAN ARACHNOID CYSTS

The optimal treatment for Sylvian arachnoid cysts is still under discussion. 
We prefer an endoscopic burr hole approach. However, when the cyst mem-
brane turns out to be very tough or the windows between carotid artery, 
optic and oculomotor nerve are very narrow, we do not hesitate to switch to 
an endoscope-assisted microsurgical technique. Then, the burr hole is en-
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larged to a small craniotomy (2 by 2 cm), the CSF is sucked off, and the fen-
estration is performed under microscopic and/or endoscopic view. Since the 
approach goes through the cyst lumen, no higher rate of injury to brain tissue 
is caused with this approach compared with the pure endoscopic approach. 
However, the disadvantage of this technique is that the CSF has to be re-
moved. That may result in cyst collapse and subdural effusions. Therefore, 
we start with the endoscopic inspection via a burr hole.

The patient is placed supine with the head turned to the contralateral side. 
Depending from the cyst size, the skin incision is placed more or less above the 
level of the zygomatic arch anterior to the ear. Neuro navigation is helpful to 
fi nd the ideal entry point and the best trajectory to the basal cisterns without 
touching the brain. Care should be taken to spare the frontotemporal branch of 
the facial nerve. The temporal fascia and muscle are incised and the temporal 
muscle is dissected from the skull. A burr hole is made and a cross-shaped dura 
incision is performed. Then, the underlying cyst membrane is incised. It is of 
utmost importance to cauterize the fragile arachnoidal blood vessels in the en-
try zone to avoid bleeding induced by moving the endoscope. Outfl ow of CSF 
should be minimized and care has to be taken to prevent detaching the outer 
cyst membrane from the dura when inserting the operating sheath, which may 
result in cyst collapse and accumulation of CSF between the cyst membrane 
and dura which later may lead to subdural hematomas.

After insertion of the endoscope, the cyst is inspected (Fig. 5B). Usually 
orientation is easy because of the well known anatomical landmarks, such as 
the carotid and middle cerebral artery, optic nerves, and oculomotor nerve 
(Fig. 5C). In large cysts, even the frontal skullbase and olfactory tracts may be 
seen. In general, there is only a limited space for the fenestration of the cyst 
between carotid artery and oculomotor nerve or carotid artery and optic 
nerve. Rarely, the fenestration is performed lateral to the oculomotor nerve. 
Since blunt perforation of the cyst membrane is usually impossible, the mem-
brane has to be cut with scissors. Sometimes parts of the cyst membrane can 
be removed with grasping forceps (Fig. 5D). After incision of the cyst wall, 
Liliequist’s membrane comes into view (Fig. 5E). This membrane has to be 
incised too to create a communication to the prepontine cistern. Thereafter, 
the opening is enlarged by infl ating the balloon of a No. 3 French Fogarty 

Fig. 4. Suprasellar cyst in a 1-year-old girl presenting with head growth and vomiting. A 
T1-weighted sagittal MR image showing a large suprasellar cyst with occlusion of the aq-
ueduct (arrow). B T2-weighted MR image revealing no CSF fl ow through the aqueduct. C 
T1-weighted axial MR image showing the typical Mickey Mouse cyst. D Schematic drawing 
showing the approach trajectory. E Enlarged foramen of Monro. F Circular coagulation of the 
cyst wall. G Cutting of the cyst wall with scissors. H Collapse of the cyst after fenestration. 
I View into the prepontine cistern showing basilar artery (B), oculomotor (O), trigeminal 
(T), and abducens (A) nerve. J View to the sella with pituitary gland. K T1-weighted sagittal 
MR image obtained 3 months after surgery showing the collapse of the cyst with patent 
aqueduct (arrow). L T2-weighted MR image obtained 3 months after surgery demonstrating 
vigorous CSF fl ow through the aqueduct (arrow). M T1-weighted axial MR image obtained 
3 months after surgery showing a marked decrease in cyst size
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catheter (Fig. 5F) or with the aid of scissors and grasping forceps. Once the 
fenestration has been accomplished (Fig. 5G), the prepontine cistern with the 
basilar artery (Fig. 5H) has to be seen to make sure that a wide communica-
tion with the cistern has been created. Coagulation of the membrane should 
be avoided since the shrinking often leads to an even thougher membrane. If 
the created opening is too narrow and the risk of later occlusion by scarring  
is high, a fi mbrial ventricular catheter may be inserted into the adjacent basal 
cisterns. Care must be taken not to injure the oculomotor nerve or branches 
of the carotid artery when advancing the catheter into the cistern.

When the endoscopic technique is not effi cient because of anatomical con-
ditions or a fi rm arachnoid membrane, we switch to an endoscope-assisted 
microsurgical technique [8].

4. ARACHNOID CYSTS OF THE POSTERIOR CRANIAL FOSSA

For small arachnoid cysts which are covered by cerebellar tissue, an endoscope-
assisted microsurgical approach is used. For large cysts reaching the dura in the 
area of a potential approach, an endoscopic approach is preferable.

Patients with cysts of the cerebellopontine angle are positioned supine 
with the head turned to the contralateral side. A retrosigmoid suboccipital 
craniotomy is performed or a burr hole is placed just over the cyst. After inci-
sion of the outer cyst membrane, a fenestration to the prepontine cistern is 
created between the cranial nerves. Care must be taken to avoid injury to the 
adjacent cranial nerves and vessels.

Patients with midline cysts are placed prone with the head antefl exed 
(Concorde position). If possible, the location of the burr hole should allow a 
straight approach to the cyst and adjacent cisterns. With the aid of scissors and 
grasping forceps, a large fenestration connecting cyst and cisterns is created.

5. LONG-TERM RESULTS

According to the literature and my own experience the success rate of endo-
scopic cyst fenestration in suprasellar cysts is very high (90–100%) [2, 6, 10]. 
Only a few patients need to be shunted because of persistent or recurrent hy-

Fig. 5. Sylvian cyst in a 3-year-old boy presenting after a minor head injury. The cyst was an 
incidental fi nding. A T1-weighted axial MR image showing a large space-occupying Sylvian 
cyst. B Schematic drawing showing the trajectory of the approach. C Endoscopic view to the 
anterior clinoid with optic (ON) and oculomotor (OC) nerve as well as carotid artery (C). D 
Grasping of the thin arachnoid membrane between carotid artery (C) and oculomotor nerve. 
E After cyst fenestration, Liliequist’s membrane comes into view below the carotid artery 
(C) and oculomotor nerve (O). F Enlarging the fenestration with a Fogarty balloon catheter. 
G After completed fenestration the basilar artery (B) is visible below the carotid artery (C) 
and oculomotor nerve (O). H View into prepontine cistern showing the basilar artery (B). 
I T1-weighted axial MR image obtained 1 year after surgery showing a marked decrease in 
cyst size. J T2-weighted MR image shows a strong fl ow void signal at the site of the fenes-
tration indicating its patency (arrow)
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drocephalus although the cyst fenestration has been successful. The same 
is true for arachnoid cysts of the posterior fossa. The majority of patients 
(80–100%) improve after fenestration [8–10]. In Sylvian arachnoid cysts, the 
success rate seems to be less good (approx. 60–90%) [8, 10]. In my own series 
of 22 arachnoid cysts including 12 Sylvian, 5 suprasellar, 2 posterior fossa, 
2 intraventricular, and 1 intrameatal cyst the overall success rate of endo-
scopic fenestration was 81% with a mean follow-up period of 6.3 years, rang-
ing from 1.1 to 11.4 years. In children, the decrease in cyst size was more 
striking than in the adult patients.

6. COMPLICATIONS

Severe complications resulting in mortality and permanent morbidity are 
fortunately very rare (0% in most reports in the literature). Subdural he-
matomas (10%), CSF leaks (5%), and meningitis (5%) were the most 
frequently  reported complications [8, 10]. No permanent morbidity and 
mortality occurred in my own series. In one patient with a Sylvian cyst, 
a transient oculomotor palsy was observed which resolved completely 
within 2 months. In one boy, a subgaleal CSF accumulation occurred, but 
resolved spontaneously after 3 weeks. One patient had meningitis which 
responded quickly to antibiotic treatment. However, fi nally this patient 
needed to be shunted. Two patients presented with subdural collections on 
the routine postoperative  im aging which did not require further surgical 
intervention.

HOW TO AVOID COMPLICATIONS

1. HEMORRHAGE

Before incising the arachnoid cyst membrane, care must be taken to coagu-
late all tiny arachnoidal vessels in the area of the approach. Oozing from 
these blood vessels may signifi cantly blurr the endoscopic view. Further-
more, one must take care when incising and removing parts of the arach-
noid membrane covering nerves and arteries when creating the fenestration 
to the cisterns.

2. SUBDURAL HYGROMA OR HEMATOMA

It is of utmost importance to avoid detaching the arachnoid membrane from 
the dura when inserting the endoscopic sheath into the cyst. Sometimes it is 
advisable to suture the arachnoid to the dura to prevent detaching and col-
lapse of the cyst. Furthermore, one should make sure that excessive loss of 
CSF is avoided which contributes to subdural collections.
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3. NERVE INJURIES

Since the space between nerves and arteries in Sylvian cysts is mostly narrow, 
care must be taken to avoid injury to these structures. Sharp dissection is 
recommended when the arachnoid membrane is tough to prevent traction 
injury to the nerves.

4. CSF FISTULA

In adults, CSF leaks are usually not a problem although water-tight dural 
suturing is not performed. However, in children water-tight closure of the 
dura should be achieved. Because of the thin scalp, the risk of subgaleal CSF 
accumulations or fi stulas is high.

CONCLUSIONS

Endoscopic techniques are safe and effective options in the treatment of 
arachnoid cysts and should seriously be considered as the initial therapy. 
Should the endoscopic procedure fail, an endoscope-assisted microsurgical 
fenestration is the second line treatment. Shunting should be avoided when-
ever possible.
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BRAIN INFECTIONS
R. D. LOBATO

INTRODUCTION

Brain infections can affect both its coverings and the brain parenchyma in 
either a diffuse or focal manner. Diffuse infections as meningitis and encepha-
litis are rarely subsidiary of surgical treatment. In contrast, intracranial focal 
purulent conditions are severe threatening pathologies in which surgery plays 
a keystone role. This chapter will focus on the latter i.e., brain abscess, sub-
dural empyema and epidural abscess.

Before the 19th century, intracranial pyogenic infection was an almost uni-
formly fatal condition, rarely diagnosed before autopsy. The fi rst surgical at-
tempts to treat intracranial purulent collections are attributed to Galen, who as 
early as in the 2nd century used trepanation and trephination to drain pus un-
derneath the skull. These procedures were also performed during the 17th and 
18th centuries, and Morand is recognized to be the fi rst in operating success-
fully an intracranial abscess of otic origin in 1752. In 1872 Weeds reported the 
successful drainage of a posttraumatic brain abscess. A few years later,  Macewen 
published his monograph “Pyogenic infective diseases of the brain and spinal 
cord”, an unique text systematically describing “Surgical anatomy”, “Patholo-
gy of cerebral abscesses and meningitis”, “Symptoms of abscess of brain and 
meningitis”, “Thrombosis of intracranial sinuses”, “Treatment” and “Results”. 
He reported 25 brain abscesses 19 of which were operated on, with recovery in 
18 cases [1]. Later on several techniques have been described to drain intracer-
ebral abscess, including tube drainage, marsupialization, excision and tapping 
with aspiration. This last procedure was advocated by Dandy as a minimally 
invasive procedure, and has been refi ned in the modern era by using stereotac-
tic techniques.

The other fundamental step in the treatment of intracranial pyogenic con-
ditions was the development of antibiotic treatment introduced in the mid 
20th century, with drugs such as penicillin or chloramphenicol.  Currently 
new antimicrobials allow the treatment of almost every pathogen with rea-
sonable risk of toxicity [4].

Finally, the development of neuroimaging techniques, namely the CT 
scan and MRI studies, have enormously improved not only initial diagnosis 
of these lesions by readily showing their number and location, but also the 
monitoring of treatment results.

Keywords: infectious diseases, brain infections, neurosurgery, antibiotics
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RATIONALE

Brain abscesses are focal intraparenchymal infections that cause neural tissue 
damage through infl ammation, oedema and compression. Infective pathogens 
can reach brain parenchyma by one of the following mechanisms [2, 4, 7]:

Extension in contiguity• : Direct extension from infections affecting 
the paracranial sinuses or ear remains the main pathophysiologic 
mechanism in the formation of brain abscess. This occurs through the 
 invasion and destruction of the skull and cerebral envelopes by patho-
gens, although it can also proceed through septic thrombophlebitis 
of intra-extracranial venous channels. These infections are frequently 
polymicrobial.
Hematogenous spread• : It is the result of bacteriemic episodes sec-
ondary to infectious pathologies in other organs (endocarditis), or 
breaches (i.e. dental extractions, or invasive diagnostic studies) bring-
ing micro-organisms into the blood stream, and is favoured by under-
lying conditions shunting the pulmonary fi lter such as arteriovenous 
fi stulas or persistent foramen ovale. This is a frequent source of brain 
abscesses that tend to be monomicrobial and multiple.
Direct inoculation by means of trauma or surgery• : The increment 
of neurosurgical procedures added to the relative decrease in other 
sources of infection resulting from improvement in their medical 
management (mainly of otic infections), has increased the relative in-
cidence of this mechanism that nowadays equals that of contiguous 
extension in some series. Infections following open traumatic injuries 
are infrequent.
Still, the origin of brain abscesses remains unknown in 20–30% of the • 
cases (“cryptic” abscess without obvious source).

The above classifi cation, based on the origin of the infection, correlates with its 
intracranial location, and helps to predicting the most frequent etiology and 
directing empirical treatment (Table 1). However, in some cases the source of 
infection is unknown, or no micro-organism has been isolated, precluding an 
optimal medical management. The absence of a microbiological specimen has 
been related to the need for broad-spectrum antibiotherapy which carries a 
higher risk of toxicity, higher costs, greater number of follow up studies and 
more prolonged treatment [4]. In these cases a surgical procedure can be indi-
cated to obtain tissue sampling for microbiological study, whereas antibiotic 
treatment is readily instituted when the causative microorganism is identifi ed. 
However, it should be noted that antibiotics alone can fail to cure the infection 
because the extent to which they cross the blood–brain barrier, permeate the ab-
scess capsule and diffuse into devitalized purulent tissue is usually restricted, so 
they can be eventually unable to eradicate the infectious reservoir.  Independently 
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of bacterial enzymes that can inactivate antibiotics, these drugs can be also neu-
tralized by their binding to proteins present in pus fl uid, or the pH of this mate-
rial [6].

It has been found that patients with brain abscesses lesser than 2 cm in 
diameter have good outcomes with medical treatment alone, while sizes over 
this threshold increase the risk of treatment failure usually requiring surgical 
evacuation as an adjunctive therapy. It should be emphasized that in some 
instances the risk of neurological deterioration is very high with antibiotic 
treatment alone. Abscesses can reach a great volume causing signifi cant mass 
effect and brain herniation prompting urgent surgical evacuation. In addition, 

Table 1. Characteristics of intracranial infections regarding location, the most common 
causative organism and the recommended empirical treatment. Most of the data can be ap-
plied to brain abscess, subdural empyema and epidural abscess

Source Abscess 
location

Frequent 
organisms

Empiric 
treatment

Paranasal 
sinuses

Frontal Streptococci (aerobic and 
anaerobic)
Haemophilus sp.
Bacteroides sp.
Fusobacterium sp.

Ceftriaxone 3–4 g/d 
+ Metronidazole 
500 mg/8 h

Otic infections Temporal Lobe
Cerebellum

Streptococcus sp.
Enterobacteriaceae
Bacteroides sp.
Pseudomonas  aeruginosa

Ampicillin 2 g/8 h +
Metronidazole 
500 mg/8 h +
Ceftazidime 2 g/8 h

Hematogenous 
spread/
cryptogenic

Mainly middle 
 cerebral artery 
 territory, but any 
 region can be 
 involved
Multiple 
 abscesses

• Endocarditis
Staphylococcus aureus 
Streptococcus viridans
• Urinary tract 
 Enterobacteriacea 
pseudomonas
• Intra-abdominal 
Enterobacteriacea 
Streptococcus sp. 
Anaerobes
• Pulmonary abscess  
Streptococcus sp. 
 Actinomices sp. 
 Fusobacterium sp.

Endocarditis: 
 Benzolpenicillin 
1.8–2.4 g/6 h
Ceftriaxone 
3–4 g/24 h + 
 Metronidazole 
500 mg/8 h

Trauma Depends on site 
wound

Staphylococcus aureus
Clostridium
Enterobacteriaceae

Cloxacillin 2 g/4 h or 
Ceftriaxone 
3–4/g/24 h

Neurosurgery

 

Depends on 
 operated area

Staphylococcus  aureus
Staphylococcus epidermidis
Enterobacteriaceae
Pseudomonas

Vancomicyn 
1g/12 h + 
Ceftazidime 1g/8 h
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the periventricular location carries the risk of intraventricular rupture and 
ventriculitis, due to the relatively poorer vascularization and capsule develop-
ment from the ependymal side. This event can precipitate abrupt neurological 
 deterioration and carry a very poor prognosis, mortality rate reaching 80% of 
the cases. Thus, surgical evacuation of these abscesses and of those other un-
responsive to antibiotherapy is strongly recommended.

Subdural empyema is a loculated collection of pus in the subdural space 
causing infl ammation and oedema of the underlying brain, septic throm-
bophlebitis and venous infarction, which can rapidly extend along the 
 subdural space because of the absence of tissue barriers. Most subdural em-
pyemas (between 41 and 67%) develop as a complication of cranial sinus 
infection, and the second most common cause is infection following intrac-
ranial surgery. Hematogenous spreading from a distant infective focus  occurs 
in some cases, and infection of subdural effusions in children with meningitis 
may also cause subdural empyema. In any case, subdural empyema is a con-
dition that carries a very high risk of clinical deterioration and rapid surgical 
evacuation is mandatory to avoid death or irreversible neurological compli-
cations [5].

Epidural abscesses are pyogenic collections developing in the virtual space 
between the cranial dura and bone. The occurrence of osteomyelitis and bone 
erosion is usually required to strip the dura mater off the bone to which it is 
tightly adherent, a characteristic that usually contains the extension of these 
lesions. Direct extension from para cranial sites, or postoperative intracranial 
infection is the main cause of this condition. Due to the relative isolation of 
brain tissue and the insidious progression of this process, epidural abscess 
tend to reach a signifi cant size at diagnosis. This fact, along with the usual 
involvement of the bone resulting in osteomyelitis and devitalized bone frag-
ments, favours the indication of surgery to facilitate antibiotic activity and 
diminish the risk for intracranial complications.

DECISION-MAKING

1. CLINICAL DIAGNOSIS

Clinical presentation of a brain abscess depends on its size and location. Non-
specifi c neurological manifestations such as headache, nausea,  or vomiting 
depend on the presence of intracranial hypertension. Headache is the single 
most frequent symptom (49% of the cases), and alterations of the level of 
consciousness are present in many patients (51%). Focal neurological signs 
and symptoms depend on the involvement of eloquent areas by the lesion 
 itself or surrounding oedema, and can occur in 25–50% of the patients. Me-
ningeal symptoms or signs are present in about 25% of the cases, mainly 
when the lesion reaches the pial surface. However, the triad of headache, fever 
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and focal neurological symptoms is rare. In fact, fever is not a constant sign, 
and is present in less than half of the patients (43%). Seizures may occur in 
25–50% of the cases. Infections of the craniofacial area can be a clue to diag-
nosis, and should be investigated in every patient with suspected or demon-
strated pyogenic intracranial infection. The non-specifi c pre sentation and 
rarity of this pathology accounts for the frequent delays in diagnosis, so a 
high index of suspicion is necessary [2, 4].

Subdural empyema is usually a fulminant disease with a rapidly progressive 
clinic of headache, fever, meningismus, seizures and focal neurological defi cit 
and this type of progression is a hallmark of this condition [6]. In contrast with 
brain abscesses, local signs refl ecting the origin of the infection are present in 
60–90% of patients in the form of an infective focus in the ENT fi eld, or in-
fl ammatory changes over the skull.

Epidural abscesses tend to present in a more indolent fashion due to the 
relative isolation of the brain. Symptoms include fever, headache and fi ndings 
referred to the primary source of infection.

Postoperative purulent intracranial complications tend to manifest by the 
development of new focal defi cits or worsening of pre-existing ones, and are 
usually associated with infl ammatory signs over the surgical wound.

2. LABORATORY TEST AND IMAGING STUDIES

Blood test can sometimes show leucocytosis and abnormalities in certain in-
fl ammatory parameters (ESR, RCP). Blood cultures, which may be particu-
larly useful when there is no available material from the pyogenic collection, 
are mandatory as they can identify the pathogen, orient to the systemic origin 
of infection, and initiate the most appropriate antibiotic therapy.

Lumbar puncture should be avoided in this clinical setting until the pres-
ence of intracranial mass effect has been ruled out, because the risk of brain 
herniation is very high (occurs in 15–33% of the cases).

Its widespread availability renders the CT scan the technique of choice for 
providing a rapid and precise diagnosis in patients with urgent pathologies such 

Table 2. Stages of brain abscess formation and correlative imaging features

Stage Days Histology CT picture

  1–3 Early infection and infl ammation, 
poorly demarcated from 
surrounding brain

Focal hypodense area with/
without enhancement after 
contrast

Late 
cerebritis

 4–9 Reticular matrix and developing 
necrotic center

Wider hypodense region with 
ring  enhancement

Early 
capsule

10–14 Neovascularity, necrotic center,  
reticular network surrounds

Ring enhancing  lesion

Late 
capsule

>14 Collagen capsule, necrotic center, 
gliosis around  capsule

Ring enhancing  lesion
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as purulent intracranial infections. The CT scan not only shows the location, 
size and number of lesions, but facilitates urgent treatment planning when nec-
essary. MRI, which is better in terms of sensitivity and specifi city, is not always 
available in emergency conditions. The appearance of a brain abscess in the CT 
scan correlates with its pathological stage (Table 2). The typical picture of a 
brain abscess is that of a hypodense ring enhancing lesion with extensive perifo-
cal oedema (Fig. 1). On MRI abscesses are usually seen as hypointense lesions 
on T1 weighted images which enhance following intravenous contrast injection 
in the same way as they do in the CT scan study. On T2 sequences they are seen 
as hyperintense lesions, and a hypointense rim may be seen when a fi brous 
capsule is already formed. FLAIR images help to better delineate those lesions 
in the vicinity of CSF containing spaces, as it suppress the CSF hyperintense 
signal. The differential diagnosis with other ring enhancing lesions such as 
glioblastoma, lymphoma, or metastases, which may share a similar appearance, 
has been greatly improved with the introduction of more specifi c MRI se-
quences such as the diffusion ones as purulent collections typically show a re-
stricted diffusion and a diminished ADC, in contrast with the above mentioned 
conditions. Diffusion studies also help in the evaluation of treatment response 
of brain abscesses, as low signal intensity at diffusion weighted imaging with 
high ADC correlates with a good therapeutic response.

A B C D

E F G H

Fig. 1. CT and MRI fi ndings in a patient with multiple brain abscesses caused by hema-
togenous spread after superior digestive tract endoscopy (Streptococcus milleri). CT scan 
images (A–D) show hypodense lesions with fi ne ring enhancement. MRI shows them as 
hypointense lesions with peripheral enhancement on contrast-enhanced T1 weighted im-
ages (E). On T2 weighted images the lesions appear hyperintense with a hypointense halo 
(F). On diffusion weighted images the abscesses displayed a marked restricted diffusion (G) 
with very low ADC (H)
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In the case of subdural empyema CT scan shows an extra-axial collection 
with variable degrees of accompanying brain oedema and mass effect. A fi ne 
enhancement can be seen in the pial side following intravenous contrast injec-
tion. However, a subdural empyema can be missed by the CT scan, and MRI 
has become the best technique to fi nd and delineate the extension of the pa-
thology (Fig. 2). Again, diffusion MRI sequences may result defi nitive for 
distinguishing this condition from other types of fl uid collections. However, 
it should be noted that some infectious collections fail to show a restriction in 
MR diffusion sequences, a fi nding observed at our clinic and also reported by 
other authors. Sensitivity exceeds 95% in spontaneously developing (non 
postsurgical or posttraumatic) pyogenic collections, but false positive and 
false negative results are seen in up to 37% of postoperative infections [3].

Epidural abscesses tend to offer less diagnostic diffi culties due to their 
usual biconvex appearance and bigger volume once they become clinically 
expressive, as well as for the frequently associated lesions involving the over-
lying bone or the paranasal sinuses. Attention should be paid to the possible 
imaging abnormalities in neighbouring structures such as the ear and the 
frontal sinuses, as well as to the presence of osteomyelitis or foreign bodies.

Once a cerebral abscess has been diagnosed the main question arising is 
whether surgery is indicated or not. The following are classical surgical indi-
cations: (a) abscess diameter of >2 cm; (b) intracranial hypertension; (c) risk of 
intraventricular rupture; (d) absence of response to medical treatment; and 
(e) mycotic infections.

In our opinion, only those lesions less than 2 cm in diameter occurring in 
clinically stable patients can be managed non-surgically. If they are diagnosed in 

A B C D

E F G H

Fig. 2. MRI study of a patient with frontal mucopyocele complicated with intracranial infec-
tion. T1 (A) and contrast-enhanced T1 weighted images (B–D) demonstrate a small subdural 
hypointense collection surrounded by fi ne contrast enhancement. This collection appears 
hyperintense on T2 weighted (E, F) and FLAIR images (G) and shows restricted diffusion (H). 
These fi ndings were diagnostic of subdural empyema that was operated on with positive 
cultures for Streptococcus milleri
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patients with a demonstrated infectious process and an identifi ed causative or-
ganism, antibiotic treatment should be instituted or a microbiologic specimen 
taken from the original source. If no other infectious process is identifi ed, basic 
investigation including urine analysis, body CT scan and an ENT examination 
should be performed, and when an etiologic diagnosis is not established follow-
ing MRI and systemic studies, surgical aspiration and sampling is  indicated.

Subdural empyema represents a neurosurgical emergency, as sudden and 
catastrophic neurological deterioration may occur, and once it has been diag-
nosed urgent evacuation should be performed.

Because of the anatomical peculiarities stated above epidural abscesses are 
less risky than their subdural counterparts. In fact the resistant duramater 
tightly adhered to inner table of the skull diffi cult spreading of infection and 
consequently decreases the risk for sudden neurological deterioration. In any 
case, the usually large volume of the collection along with the presence of 
bone erosion and fragments and the possibility of treating the underlying 
paracranial infection render surgery the most appropriate treatment.

SURGERY

The need for interdisciplinary and cooperative management of patients with 
pyogenic intracranial infections by neurosurgeons, neurologists, neuroradiolo-
gists and infectious diseases specialists has been progressively recognized. While 
the main tool in the treatment of brain abscesses are antibiotics, their correct 
choice and dosage, the indication for adjunctive surgical treatment, and the ra-
diological follow-up monitoring may exceed the scope of a single specialist.

Although open surgical evacuation was the main treatment used for many 
years, needle aspiration has progressively substituted this technique, dimin-
ishing the aggressiveness of surgical approaches. This improved management 
has been possible thanks to the marriage of neuroradiological and stereotactic 
techniques which allow the precise puncture of these lesions through burr 
holes with minimal brain damage. Although it might be argued that there is a 
higher risk of recurrence with tapping and aspiration as compared to abscess 
removal, similar results have been reported with both techniques. In any case, 
repeated aspiration still represents a low risk procedure with the higher prob-
ability of success. Although free hand puncture and aspiration has been used, 
it is based on surface anatomy references, and thus subjected to spatial impre-
cision and higher risk of complications (multiple tracks, non rigid needle 
handling). In contrast, stereotactic approaches optimize the choice of the tra-
jectory and needle positioning for pus aspiration.

Frame based stereotaxy has been the traditional method used for tapping 
intracranial pyogenic collections. In this case the patient is taken to the operat-
ing room where the stereotactic frame is placed with the aid of mild sedation 
end local anesthesia; blockade of supraorbital and occipital nerves can be 
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 performed 5 min before fi xing the frame. Then the patient is moved to the CT 
scan/MR room for taking the integrated images showing both the lesion and 
frame marks. The coordinates of the target are calculated while the patient is 
returned to the operating room where puncture is planned through a safe tra-
jectory avoiding eloquent areas, the ventricles and vessels. The patient is posi-
tioned either supine with the trunk slightly elevated and mild head fl exion or 
semisitting. The frame is fi xed to the operating table, the scalp is scrubbed, and 
the planned burr hole position marked over the skin. The coordinates are fi xed 
in the frame and checked independently by the surgeon and an assistant. Drap-
ing the surgical fi eld needs to allow the assemblage of the frame arch. A small 
longitudinal incision is made to the depth of the skull, a mastoid retractor is 
positioned and a burr hole is performed with an air driven craniotome. The 
dura is coagulated in a cross shape and then incised and coagulated to retract 
the small dural fl aps. The arachnoid is open with diathermy coagulation and 
the needle is slowly advanced until reaching the target. Although the capsule 
can offer slight resistance in abscesses evolved to the late capsule stages, we 
have never found this to impede tapping. Then aspiration with a syringe is 
made without excessive suction until pus egress stops; thereafter slight irriga-
tion of the abscess cavity can be performed. There is no scientifi c rationale for 
the instillation of antibiotics into the abscess cavity [7].

The introduction and development of frameless stereotactic systems has 
partly simplifi ed this procedure, so we prefer to use neuro navigation. After 
initial diagnosis a contrast enhanced CT scan or MR is performed in adequate 
conditions for neuronavigation and the study is imported to the planning sta-
tion where both the target and needle trajectory are calculated. In most patients 
we use general anesthesia for the sake of patient and surgeon comfort, although 
mild sedation and local anesthesia is preferably used in medically ill patients. In 
either case the patient’s head is fi xed in a Mayfi eld clamp, the neuronavigation 
system is prepared and the registration is performed. Patient’s positioning is 
easier without the presence of the stereotactic frame, so lateral decubitus can 
also be used when dealing with temporal lesions. Registration is greatly aided 
with systems that allow face surface matching, although fi ducial registration 
does not add signifi cant diffi culty. The rest of the procedure using a biopsy 
system adapted to the neuronavigation apparatus is identical to that explained 
above. When intraventricular rupture of the abscess does occur an external ven-
tricular drainage can be inserted for the instillation of antibiotics.

There is still some controversy as to whether it is preferable to perform 
craniotomy or one/several burr-holes to drain a subdural empyema. Although 
good results have been reported using burr hole drainage, we prefer to per-
form a generous craniotomy covering as much as the affected brain surface as 
possible, crossing the midline when interhemispheric collections are present. 
Wide dural opening allows material sampling followed by drainage, debride-
ment, and irrigation. The dura is closed when possible, without using allo-
grafts or any other foreign bodies. In cases without bone involvement this 
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should be  replaced, but craniectomy and delayed cranioplasty is preferred 
when bone infection is present or suspected.

In the case of epidural abscess the frequent bone involvement makes 
craniectomy mandatory to eliminating any osteomyelitic component. The 
abscess is drained and infectious debris over the dura are carefully curetted. 
Given that paracranial sinuses are often affected cranealization and sealing 
with a pericranial fl ap is also mandatory.

In patients with postoperative infectious complications we usually try an-
tibiotic treatment when there are signs of cerebritis or surgical wound infec-
tion, but no collections are identifi ed by MRI. When abscess or empyema are 
encountered surgical evacuation is indicated and allografts used to repair the 
dura or in cranioplasty, together with any devitalized tissue (bone fl ap, 
necrotic brain, etc.) should be removed because they act as a reservoir for 
infective organisms preventing antibiotic effi cacy.

While antibiotic treatment can be directed in those cases with identifi ed 
causative organisms, empirical treatment has to be instituted until cultures are 
available and when no germen is identifi ed. The initial choice of antibiotics can 
be facilitated by patient premorbid conditions, the location of the abscess, the 
precipitating source of the infection (when identifi ed) and Gram staining. Al-
though available information is limited, Table 2 gives general treatment recom-
mendations for covering a wide range of bacteria. The antibiotic  treatment of 
postoperative infections should be tailored according to the pathogenic fl ora at 
each center. A high incidence in oxacillin resistant staphylococcus led us turn to 
vancomicyn and ceftazidine (vancomycin + meropenem for patients with long 
stay in the ICU because of resitant acinetobacter).

Intravenous antibiotics should be administered for 2 weeks, and then they 
can be switched to an oral route if a good clinico-radiological evolution has 
been observed and the therapy regimen allows this change. Oral antibiotics 
will be taken during 4 additional weeks, although longer courses are some-
times necessary (it occurs in 50% of the patients in some series) as judged 
depending on the evolution [2].

The use of steroids is controversial, because they can diminish bacterial 
clearance, antibiotic diffusion into the abscess and delay capsule formation. 
However, they can be benefi cial in patients with marked secondary brain 
oedema causing intracranial hypertension or focal neurological defi cits. We 
recommend the use of dexamethasone up to 10 mg/6 h in these instances, dos-
age being tapered once the patient reaches clinical stability thus avoiding the 
long term use of these drugs.

Seizures can present in the acute stage and occur in up to 70% of the cases 
when long term course of the disease is considered [5]. In light of these data 
some authors recommend antiepileptic prophylaxis, which we consider indi-
cated in patients with lesions close to the cortical surface. Seizures are even 
more frequent in patients with subdural empyema  (25–80%), in whom pro-
phylactic treatment is mandatory [5].
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HOW TO AVOID COMPLICATIONS

As the surgical technique does not carry great technical diffi culty, the main 
way to achieve good results relays upon an appropriate overall management. 
Macewen stated that “One might almost conclude that in uncomplicated ab-
scesses of the brain operated on at a fairly early period, recovery ought to be 
the rule” [1]. Certainly, and apart from the baseline patient characteristics, a 
good neurological status is the main prognostic factor and surgery, when in-
dicated, should not be deferred based solely on clinical stability.

Although mortality rate in patients with intracranial pyogenic collections 
was reported to be as high as 50–70% in the past, it ranges from 2 to 10% in 
recent series [2].

CONCLUSIONS

Purulent intracranial infections can pose an important diagnostic problem 
when signs and symptoms are non specifi c, so a high index of suspicion needs 
to be kept in mind, mainly in patients with immunodepression, a past history 
of otic, dental or nasosinusal pathologies, bacteriemic conditions or surgical 
or traumatic antecedents.

Surgical treatment is a fundamental tool in the management of brain ab-
scesses as it permits to identify the microoganism, relieve mass effect, de-
crease the risk of complications and fasten clinico-radiological improvement. 
Surgical treatment of the primary focus (e.g. an otic infection) when present 
is essential. Some small abscesses with known causative organisms can be 
managed with antibiotics alone.

Surgical empyema represents a surgical emergency, so craniotomy and 
evacuation are mandatory as soon as it is diagnosed.

Epidural abscesses need to be evacuated to eradicate the infection. Treat-
ment of the primary infection can also be performed in the same intervention 
in most cases.

Pyogenic infections following neurosurgical procedures need surgery 
when there exits a purulent collection. In these cases surgical removal of for-
eign bodies and wound debridement offers a faster and safer recovery.
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PARASITOSES OF THE CENTRAL NERVOUS 
SYSTEM: HYDATIDOSIS

B. ABDENNEBI

INTRODUCTION

Parasitic zoonoses, transmittable from animals to humans, remain a  serious 
and signifi cant public health problem in developing countries [1, 13]. Twen-
ty-fi ve percent of the world’s population could be suffering parasitic infesta-
tion. Among these parasitoses, neurocysticercosis, infection of the central 
nervous system by Taenia solium metacestodes, is the commonest encoun-
tered cerebral parasitic infection in the world. It is the fi rst cause of epileptic 
seizures in developing countries. The other zoonosis with a world-wide dis-
tribution is the hydatid disease which will be the topic of this chapter.

Hydatid is a word derived from the Greek “ydatos” which means water. 
Hydatid disease is a parasitic infestation caused by a dog tapeworm larvae of 
Echinococcus granulosus, a helminth belonging to the cestod group.

It is common in sheep farming in underdeveloped countries such as those 
located in Asia, Africa, South and Central America or in the  mediterranean 
area. “It follows the sheep as his shadow”. On the opposite, it is unusual in de-
veloped countries. Nevertheless, this notion should be attenuated by the move-
ments of humans, especially  migratory fl ows. Liver and lung, as big fi lters of 
the portal system, are the most infested organs, whereas involvement of brain, 
2–3% of all body localisations, and spine, less than 1%, are rare. However, these 
spinal hydatid cysts (SHC) represent around 50% of the bone  localisations.

Indeed, in Antiquity, according to Galen, Hippocrates (4th  century AD) 
has evoked the disease and taught his students: “when liver is distended with 
water, it breaks in the epiploon, so the abdomen is full of water and the sick 
dies”. Arateus, Galen (fi rst and 2nd century AD, respectively), Al Rhazes 
(860–932 AD) and Avicenna (980–1037) reported also on human involvement 
by hydatidosis. John Hunter in 1773 described the morphological picture and 
Goeze in 1782 the microscopic picture of the cyst. The fi rst description of 
vertebral echinococcosis was by Chaussier in 1807 [5]. Reydellet is believed 
to have performed the fi rst surgical intervention for spinal hydatidosis in 
1819. Virchow, for the fi rst time in 1855, established the helminthic nature of 
alveolar cysts. The life cycle of the parasite was fi rst described in 1862. In 
1890, Graham and Clubb were the fi rst neurosurgeons to perform removal of 
a brain hydatid cyst. Since the last century, it is usual to associate the follow-
ing names with improvement of the surgical procedures of brain hydatid cyst: 

Keywords: parasitoses, hydatidosis, hydatid cyst, brain, spine
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Dowling [7], Da Gamma Imaginario and Goinard, Descuns [9]. More  recently 
Arana-Iniguez [2] perfected the procedure giving birth to an unbroken cyst 
by irrigating saline isotonic solution between cyst wall and brain.

RATIONALE

The Echinococcus granulosus cycle requires two hosts: one intermediate, 
usually sheep, camel or swine, and the other fi nal hosts  represented by dog or 
fox. Dogs are infected by ingesting faeces or butchering infected animals con-
taining cysts which develop into cestode, an adult tapeworm in their small 
intestine. Eggs included in some parts of the bowels pass out through faeces 
and contaminate pasture. When ingested by the sheep, the scolex or eggs be-
come immediately infective by releasing larvae which cross the intestine wall. 
Then they are carried through the portal system to liver, where they develop 
into hydatid cysts. Occasionally humans can take the place of sheep as acci-
dental intermediate hosts through contact with infected dogs or by oral in-
gestion of garden vegetables infected by the eggs of the parasite.

If the daughter cyst crosses the hepatic fi lter; then it is spread through the 
bloodstream to other organs, i.e. lungs, and less frequently to brain. Usually, the 
infestation goes up the systemic circulation to the parietal lobe via the middle 
cerebral artery as in all embolic  diseases. Brain hydatid cysts (BHC) are spherical, 
or balloon-shaped, and are characterized by slow growth. At diagnosis, their size 
varies from few centimetres to huge volume of 15 cm or more (Fig. 1). Ventricles, 
brainstem and orbit are other exceptional  localisations. The solitary aspect of the 
BHC is the most observed (85%), remaining cases are multilocular or multiple. 
Growth rate is slow and controversial, ranging between 1 and 10 cm per year. 
Rarely, BHC can be calcifi ed, expression of their degeneration and death.

On the other hand, spinal involvement is possible, owing to direct portover-
tebral venous shunts. SHC is smaller either due to its growth inside the ver-
tebra body or inside the spinal canal, being wedged by ligaments and disc. The 
thoracic spine is the most affected followed by the lumbar spine. Braithwaite 
and Lees [4] classifi ed this spinal cord compression into fi ve types: (1) primary 
intramedullary hydatid cyst; (2) intradural extramedullary hydatid cyst; (3) ex-
tradural intraspinal  hydatid cyst; (4) hydatid disease of the vertebrae and (5) 
paravertebral hydatid disease. Involvement of the vertebra and extradural lo-
calisations are common. Although the supply is more favorable anteriorly, pos-
terior arch involvement is most frequent. Contrary to the involvement of the 
spine, the skull is exceptionally affected, whereas the infection of the brain pa-
renchyma is more frequent. Calcifi ed SHC has never been reported.

Histologically, three membranes constitute the cyst wall (Fig. 1). From 
the outside:

The external membrane or host derived adventitia is not easily defi ned • 
in all cases.
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A thick acellular laminated layer, rich in amino carbohydrates, explains • 
the Periodic Acid Schiff positivity. This nonnucleated membrane of 
parasitic origin surrounds also the daughter cysts.
The inner germinal layer, composed of an alignment of nuclei which • 
are cells of the parasite.

Fig. 1. Top left: Overall view showing the macroscopic aspect of the hydatid cyst covered 
with the host derived adventitia. Top right: Translucent cyst of 15 cm in diameter. We can 
distinguish many scolices and daughter vesicles arranged in bunch of grapes inside the 
cyst. Bottom: Gross pathology of the membranes of the open cyst demonstrating the adven-
titia externally (white arrow) and the thick acellular laminated layer intimately adherent to 
the inner germinal layer (black arrow)
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The lumens of the cysts are fi lled with fl uid, hydatid sand, daughter vesi-
cles arranged in bunch of grapes, and protoscolices that have the capability 
to grow into adult worms if consumed by a defi nitive host.

DECISION-MAKING

Patients living in endemic areas, possibly in contact with infected dogs or 
those who had previous surgery for hydatid cyst disease involving other or-
gans are at high risk and the diagnosis should be kept in mind and evoked 
before imaging studies.

1. CLINICAL PRESENTATION

1.1 Brain hydatid cyst (BHC)

BHC occurs more frequently in children than in adults. This data was  confi rmed 
in our 99 patients operated on between 2000 and 2007 in 4 departments of neu-
rosurgery: 2 in Algiers (Ait Idir and Salim Zemirli), one in  Annaba and one in 
Constantine. Among them, 59 (59.5%) were less than 15 years old. The prob-
able reasons may be a ductus arteriosus, or their close contact with infected 
dogs. There is no appreciable difference between males and females  affected: 
sex-ratio 46/53. In children, loss of balance and rapid growth of head circum-
ference are suspicious for the parents. Headaches, blurred or decreased vision 
and vomiting are usual reasons for consultation. Signs of increased intracranial 
pressure are of paramount importance in the diagnosis of this space occupying 
lesion. Focal neurological defi cit depends on the involved area and the size of 
the hydatid cyst. Nevertheless, some infants present with ataxia and or dysme-
tria when imaging features show huge parieto occipital hydatid cyst. This can 
be explained by the hypothesis of a pressure cone on cerebellum through the 
tentorium. Untreated, patient  become lethargic, stuporous, eventually coma-
tose. In our series, location of hydatid cyst in the supratentorial compartment 
was present in 92 cases, 4 cases were in the brainstem, one case was in the cer-
ebellar hemisphere and two cases were in the orbit.

1.2 Spinal hydatid cyst (SHC)

Spinal echinococcosis is a severe form of the disease and the most frequent 
bone location (50%). It occurs more in adults than in infants. It is well estab-
lished that spinal echinococcosis remains asymptomatic for a long time due to 
its slow evolution. After this latent period, patients complain of thoracic 
radicular pain symptoms. These symptoms are tolerable and not suffi cient for 
the patient to seek medical attention. As the pain increases, it becomes resist-
ant to medication. Compression leads to other symptoms, i.e., sensory and 
motor signs, in particular, hypoesthesia of the lower limbs, weakness and 
sphincter disturbances. The initial nerve root or spinal cord injury rapidly 
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increases to paraplegia in few days to a few weeks. Paraplegia can sometimes 
occur acutely. Spinal cord compression is an emergency since it can lead to 
permanent paraplegia. Patient with physical examination of spinal cord com-
pression, should undergo an adequate imaging check up and consequently an 
appropriate decompressive surgery as soon as possible.

2. DIAGNOSIS

2.1 BHC

Children treated for head injury may sometimes show split sutures indicative 
of increased intracranial pressure, leading to the incidental discovery of in-
tracranial mass lesion. Skull X-rays can be useful, showing signs of raised in-
tracranial pressure as suture diastasis, unilateral enlargement or erosion of the 
inner table of the skull, or decalcifi cation of the posterior clinoid process in 
older patients. CT scan demonstrates non contrast enhancing circular hy-
podense lesion [8, 12]; ipsilateral ventricles can be compressed, effaced with 
midline shift to the controlateral hemisphere (Fig. 2). Sometimes one large 
cystic  lesion with internal septations evocative of daughter cysts can be 
seen. Absence of surrounding oedema is usual. In our series, a diameter of 
5–10 cm was the most frequent and was encountered in 56% of cases. In 51 

Fig. 2. CT scan reveals giant fronto temporal cystic lesion with two daughter vesicles. Note 
the important midline shift, the effacement of the ipsilateral frontal horn and the massive 
hydrocephalus
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cases (51%), BHC was single and multiple in 49 patients. Due to increased 
intracranial pressure and worsening of the patient condition, MRI was not 
performed on many patients and the decision was to  operate as soon as pos-
sible. MRI, axial, sagittal and coronal views, reveal spherical or egg-shaped 
lesions with CSF-like signal intensity both in T1 and T2 sequences: hypoin-
tense in T1 and hyperintense in T2 (Fig. 3). On T1 weighted images, the thin 
capsule is iso- or slightly more hypointense than the fl uid content; enhancing 
ring lesion is observed in case of infected cyst. T2W images show a low inten-

Fig. 3. Upper and lower left: MRI pictures depict on axial and sagittal T1-weighted images 
a hypointense occipital mass with no shift. Upper and lower right: Slices on T2-weighted 
images show a hyperintense occipital mass with hypointense capsule with slight surround-
ing oedema
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sity rim which correlates to the external layer composed of fi brosis of sur-
rounding brain tissue [11]. On the whole, image of BHC is a well recognized 
entity on CT scan, which is superior to MRI in depicting rare calcifi cations. 
On the other hand, MR imaging is more accurate in demonstrating the peri-
cyst layer, which appears as a ring.

2.2 SHC

Antero posterior and lateral spine X-rays show multiple lytic lesions 1. 
involving vertebral bodies and pedicles. It seems obvious that in the 
initial phase of the disease, especially in type 3, 4, and 5, the disc is 
spared which is explained by resistance of the anterior and posterior 
longitudinal ligaments.
Owing to its high bone resolution, CT scan demonstrates erosions of 2. 
the posterior arch but also of the body of the vertebra in map shape 
confi guration [4].
MRI is the best tool to illustrate spinal hydatid cysts: These  lesions 3. 
have a CSF-like intensity, i.e., isointense on T1 and  hyperintense on 
T2 weighted images (Fig. 4). In intradural  location SHC appears like a 
sausage, a date and in vertebral body as a green peas or grape bunch.

The growth of these cysts is surely limited by the osseous and ligamentous 
structures of the spine. Magnetic resonance imaging of the lumbar 
spine revealed: (a) one or numerous multiseptated cystic lesions inside the 
 spinal canal, (b) cord compression, (c) possible intramedullary signal hyper-
intensity due to the pressure effect observed in case of chronic and severe 
compression, (d) contrast enhanced T1-weighted MR image shows thin 
walled cyst. Involvement of the vertebral bodies may not be obvious.

2.3 Serologic tests

The Casoni skin or intradermal test used to be the only test has now been 
replaced by hydatid serology which detects hydatid antibodies: hydatid im-
munoelectrophoresis, enzyme-linked immunosorbent assay (ELISA), latex 
agglutination (LA) and indirect haemagglutination (IHA) test. False results 
are possible. Tests can remain positive for a long time after surgery. Sensitiv-
ity varies with 4 parameters: the involved organ, intact or broken cyst, soli-
tary or multiple cyst, and also the nature of test.

2.4 Differential diagnosis

 BHC: it shoud be anticipated with the following, slow-growing space a) 
occupying lesion, in particular arachnoid cyst, epidermoid cyst and 
cystic astrocytoma. But in case of ring enhancement and perilesional 
oedema one should suspect brain abscess.
SHC: Pott disease and metastasis should be excluded.b) 
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SURGERY

1. OPERATIVE TREATMENT

Multiple BHC is most likely secondary to locations in other organs. Hence, 
it is mandatory to look for the source in either the liver, lung or kidney. This 

Fig. 4. Top: Sagittal T1 and T2 weighted images of the thoracic spine demonstrating mul-
tilocular vertebral body lesions involving T9 and T10 with CSF-like signal intensities and 
mass effect on the spinal cord. The CSF spaces are totally obliterated. Bottom: Axial T1 and 
coronal T2 weighted images of the same pathology described above
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will prevent unexpected complications like bronchial cyst rupture which can 
happen during intubation leading to hydatid vomit and spillage into the air-
way. Usually, this type of surgery does not require intraoperative blood 
transfusion.

1.1 BHC

As for most of the space occupying lesions, total surgical excision remains the 
only treatment. Complete removal of an unruptured cyst with preservation 
of adjacent brain parenchyma leads to cure. It is absolutely contraindicated to 
place a ventricle-peritoneal shunt prior to the removal of the unruptured cyst. 
The use of monopolar cautery is dangerous and has to be avoided. Operative 
microscope is not necessary for intracranial localisations which are removed 
with protective eye shield. The microscope can be used with SHC.

Surgery is performed under general anesthesia, in the supine position except 
when dealing with posterior fossa or occipital lesions. The head is secured in a 
Mayfi eld head rest, slightly elevated and rotated to the controlateral side of the 
lesion. Scalp is shaved around the involved area.

The following principles should be respected:

  1.  The size of the bone fl ap is key to a successful extirpation. This 
should allow maximum space for maneuvering the cyst expulsion 
(Fig. 5).

  2.  The greatest care must be taken in performing this fl ap. The inner ta-
ble of the skull may be eroded and thin in close proximity of the cyst. 
The surgeon should be extremely careful when performing the burr 
holes. Hand drill and Gigli saw are more advisable than pneumatic 
drill. The free bone fl ap is removed.

  3.  Dura is tense. Meningeal vessels must be coagulated. Dural opening 
is meticulous, since it may be in close proximity or adherent to the 
cyst. This dural fl ap is refl ected and held by sutures.

  4.  The brain surface, under pressure, has lost its gyri and sulci (Fig. 5). 
The cyst may be visible. Usually a limited corticectomy is suffi cient 
and performed precisely above the lesion. Finding the cyst wall is 
crucial. Gentle dissection of the cyst from the surrounding brain tis-
sue is performed by spatula, cottonoid and saline irrigation. Soaked 
cotton patties are placed in the dissected plane between the brain 
surface and the cyst wall in leafs of daisy (Fig. 5). The brain paren-
chyma should be respected. For other locations, the approach will 
be similar to that practised in case of tumor.

  5.  Huge cysts are more translucent than smaller ones. Attention is fo-
cused on preserving the integrity of the cyst. Its intra-operative ac-
cidental rupture is devastating and leads fi rst to dissemination and 
consequently to recurrences because each protoscolex released may 
grow and become a new cyst, second, anaphylactic shock may  occur.
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  6.  Expulsion of the cyst is practised according to Dowling–Orlando 
technique [7] described in 1924, improved by  Arana-Iniguez [2] 
based on water dissection. This technique is facilitated by the rarity 
of adherences between the cyst wall and the brain surface. It is nec-
essary to pass two catheters laterally and then under the cyst. This 
step must be undertaken with extreme care. Then, isotonic solution 
is injected under pressure by two syringes, to facilitate the cyst ex-
pulsion without rupture outside the operative fi eld. The cyst can 
break and rupture. Its content should be immediately sucked and 
the cyst wall removed.

  7.  Hydrogen peroxide soaked cottonoids are placed inside the opera-
tive fi eld for two minutes. Then, we irrigate with hypertonic saline 
solution for fi ve minutes to kill any remaining eggs or  larvae before 

Fig. 5. Intraoperative photographs of the occipital hydatid cyst. Upper left: Position of burr 
holes: The bone fl ap is cut reaching the margins of sagittal and transverse sinuses. Upper 
right: In the lower right corner, the brain appears yellowish and less vascularized. Lower 
left: Corticectomy shows the cyst. Lower right: Dissection and hydropulsion of the hydatid 
cyst underway
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closing. Some authors advocate the use of 10% formaldehyde solu-
tion or cetrimide. Some deep seated cysts can be unrecognized and 
lead to recurrences.

  8.  At the end, inspect the cavity looking for small cysts, fi ll the cavity 
with isotonic saline solution in order to prevent pneumatocele or 
translation of the brain. Complete haemostasis is ensured.

  9.  Ensure watertight dural closure. The bone fl ap is repositioned. The 
wound is closed in the usual multilayered fashion

 10. Atypical aspects according to:

Clinical status: In case of intracranial high pressure and eventu-a) 
ally loss of consciousness, puncture aspiration of the cyst, easy 
to perform, is the adequate procedure  realized in 16 patients 
(16%) of our series.
Numerous cysts:b) 

•  In the same hemisphere: Extirpation through one  approach of 
all cysts whenever possible 

•  In both hemispheres: a staged removal is considered. The pro-
cedure is fi rst  performed on the most symptomatic cyst.

1.2 SHC

The goal of surgery is to decompress the spinal cord and nerve roots by remov-
ing hydatid cysts. To avoid mistakes, particularly in dorsal spine, the affected 
vertebra level is marked on the skin over the spinous process with metallic mark-
er for preoperative X-rays. The procedure is performed under general anesthesia, 
in prone position with the head lower than the lower limbs so that the cerebro-
spinal fl uid (CSF) loss from the intracranial compartment is minimized.

Laminectomy is the most appropriate approach. However, through this 
route, it is impossible to reach the vertebral body without cervical or tho-
racic spinal cord injury. Hence, it is necessary at times to perform a postero-
lateral approach, i.e., a costo-transversectomy at the thoracic level.

A single level laminectomy provides suffi cient exposure in case of one 
intradural cyst. In most instances, a multilevel laminectomy is necessary. Af-
ter a midline longitudinal skin and aponeurosis incision centered over the 
targeted spinal level, bilateral subperiosteal dissection and retraction of par-
aspinal muscles is realized. Spinous process and interspinous ligaments are 
undercut and the laminae are exposed.

Two possibilities:

1. Vertebral body or spinal extradural HC: Using Kerrison rongeurs, liga-
mentum fl avum is removed piecemeal and the affected lamina is taken. In-
volved bone is of poor quality, usually friable. This laminectomy is started at 
the lower level in a rostro-caudal direction. The extension of surgery may 
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need to include posterior structures, i.e., lateral masses, facets or extend as 
lateral as the transverse processes. To disturb the adjacent facet joints in the 
thoracic spine is without consequences for spine stability. Contrarily, stabili-
zation may be required for cervical or lumbar spine lesions.

Devices such as curettes and suction are indispensable for removing intraos-
seous cysts. Multiple pearly and translucent cysts of different size are observed. 
Operative microscope is useful. The real diffi culty is how to totally extirpate 
the cysts, which may count in tens or more with a size of pin-head to chick-pea. 
Unfortunately, some cysts are ruptured by the suction tip or other tools. Severe 
spinal cord compression may be observed. It is well understood that complete 
removal of all cysts is illusive and their dissemination possible. For this, hydro-
gen peroxide sopped cottons are placed in the operative fi eld for 2 minutes, af-
ter which the surgical area is irrigated with hypertonic saline solution.

Accidental durotomy in case of extradural compression is a serious com-
plication and should be avoided.

Wide laminectomy with removal of the posterior or anterior parts of the 
vertebra can destabilize the spine and lead to kyphosis and or scoliosis. To 
preserve spinal stability, bone fusion with posterior or anterior instrumenta-
tion is useful and could be performed on the same day [3]. Fascia and skin are 
closed in layers.

Despite immediate and signifi cant postoperative improvement of the 
 neurological symptoms, surgery of spinal echinococcosis is deceptive. Recur-
rences remain the major worry of the neurosurgeon due to small daughter 
cysts that are left behind, despite microsurgical  technique.

2. Intradural localisation. Here, the lamina is healthy, bone resection should 
be carefully adapted to size of the intradural cyst. Dura is opened and held to 
paravertebral muscles. Once the dural edges are retracted, hydatid cysts of 
different sizes are seen. Spinal cord compression and distortion may be visi-
ble. Cotton strips are rostrally and caudally slipped in subarachnoid spaces 
delineating the pathology. The cyst walls are dissected away from the spinal 
cord. Contrary to BHC, there is no adventitia around the cyst. Posteriorly 
located lesions are easier to remove than those anteriorly placed. If needed, 
division of the dentate ligament or posterior root is justifi ed.

Following decompression, the spinal cord is now free of any  tension.
In case of intradural location with normal vertebra, complete removal of 

cysts is feasible. The operative bed is fi lled with hydrogen peroxide soaked 
patties for a few minutes and then washed with hypertonic saline solution.

Closure is carried out in multiple layers.

2. MEDICAL TREATMENT

Is there a successful antiparasitic chemotherapy for hydatidosis of the 1. 
central nervous system? The answer remains  controversial. Neurosur-
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geons agree on the possible benefi t of albendazole, a broad-spectrum 
oral antihelminthic drug, used in cases of multiple BHC or SHC. For 
the majority of cases, a postoperative course is suffi cient, whereas in 
others pre- and postoperative albendazole may be considered. The 
dosage is 400 mg twice a day for 4 weeks in 4 cycles separated by 2 
weeks free of drugs.
Patients with preoperative seizures require long-term antiepileptic 2. 
therapy.
Last but not least is an adequate rehabilitation, crucial for a successful 3. 
management.

3. LONG-TERM RESULTS

According to our series and current literature [1, 6, 10], patients who un-
dergo BHC or SHC surgery show immediate resolution of their symptoms 
in the postoperative follow-up. This affi rmation excludes blindness, sei-
zures or fl accid paraplegia. This appreciable improvement of neurological 
signs is detected in 80% of patients. Reexpansion of the brain is usually 
complete within few days. Sometimes it is diffi cult to distinguish on post-
operative MRI or CT scan residual cyst from postoperative changes, hence 
the need to base evaluation and outcome on the clinical presentation rather 
than the imaging fi ndings.

In BHC, long-term recurrences occur in 10–20% of cases, 12% in our 
series, and are more observed when cyst is multiple or ruptured preopera-
tively. In SHC, earlier clinical deterioration and recurrence within 2 years are 
the rule and happen in 40–100% of cases, particularly in the types 4 and 5 of 
Braithwaite and Lees classifi cation.

HOW TO AVOID COMPLICATIONS

Cyst rupture during dural opening or cyst dissection is redoubtable, provid-
ing ground for surinfection and what is more for recurrences. Hydrogen 
peroxide and hypertonic saline solution should be within hand-reach and 
used immediately. Anaphylactic shock can be  observed when intraoperative 
spillage occurs. Antihistamines, hydrocortisone, crystalloids, adrenalin and 
high fl ow oxygen are  administered  according to the importance of the aller-
gic reaction. Early postoperative complications include hematomas of the 
operative bed as well as  epidural hematomas. Some of these may require re-
peated  surgery if  indicated by the neurological deterioration and the imag-
ing  fi ndings.

This is avoided by ensuring of a perfect arterial and venous haemostasis of 
the operative fi eld. Other complications are subcutaneous CSF collections, or 
leak which may be treated by repeated punctures or lumbar drainage.
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In case of SHC, deep venous thrombosis are avoided with preventive 
measures such as intermittent calf pressure devices and if needed mild antico-
agulation therapy.

Meningitis or abscess can occur. Postoperative spondilodiscitis can be ob-
served in spinal surgery.

Kyphosis and other spinal deformities may be prevented by bone fusion.
We deplore 5 deaths (5%). This concords with current literature.

CONCLUSIONS

In summary, the most important requirement for a successful surgery is the 
extirpation of an intact cyst which remains technically feasible. Nevertheless, 
this lesion may recur, even after this meticulous surgery. Total recovery in 
case of BHC is possible and should be the rule. Concerning SHC, prognosis 
is bleak, better in intradural involvement where cure is possible. In case of 
vertebral body involvement, poor results are observed despite aggressive 
therapy. This is due to the diffi culty to remove all the cysts without rupture, 
which explains the high rate of recurrences recquiring several operations. 
This has been called “cancer blanc” or white malignancy by Dévé in 1948. 
Death may happen in a paraplegic patient due to complications of decubitus, 
mentioned above.

Like other parasitoses, regression of the disease is based on prophylaxis 
which includes improvement of sanitary services, elimination of carriers, i.e. 
dog, fox, and forbidding clandestine slaughtering of sheeps. This needs the 
collaboration between physicians, veterinarians and in particular full coop-
eration of the appropriate authorities. Public education includes preventive 
measures that break the infestation cycle and the hand–mouth contamination 
with the Echinococcus granulosus: meticulous hand washing before meals; 
fruits, vegetables and in particular salad cleaning prior to their consumption.

Due to globalisation, it is well understood that parasitoses of CNS are not 
a disease of the south hemisphere only but became a world-wide illness.
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PARASITOSES OF THE CENTRAL NERVOUS 
SYSTEM: CYSTICERCOSIS

P. P. DIAZ VASQUEZ

INTRODUCTION

Cysticercosis is a parasitic infection that results from ingestion of eggs from 
the adult tapeworm, Taenia solium. When cysticercosis involves the central 
nervous system, it is called neurocysticercosis (NCC). Historically, neuro-
cysticercosis was endemic to only Latin America, Asia, and Africa, although it 
has become increasingly frequent in the United States since the 1980s. It is the 
most common parasitic infection of the central nervous system (CNS) [7].

RATIONALE

1. LIFE CYCLE

Taenia solium, also called the pork tapeworm, is a cyclophyllid cestode in the 
family Taeniidae. It lives in the small intestine, adhered by the scolex (head).
The scolex is provided with a rostellum, four suckers and a double-crown 
with 30 hooks. It can reach up to 5 m in length, and its scolex is followed by 
a neck and proglotids that content a ramifi ed uterus fi lled with ova.

Humans are the only natural defi nitive hosts for the Taenia solium, which are 
aquired by the ingestion of undercooked or raw meat (most commonly pork) 
infested by larvae [9]. These larvae or cysticerci evaginate their scolex which 
adheres to the intestine and form proglotids, that develop into the adult form of 
the tapeworm. The proglotids eliminated along with feces free their eggs on the 
ground where they are ingested by the animals that will become the intermediate 
hosts. Humans may become accidental intermediate hosts by the ingestion of 
the parasite’s ova, with development of cysticerci within organs. Cysticerci may 
be found in almost any tissue (Fig. 1). The most frequently reported locations 
are skin, skeletal muscle, heart, eye, and most importantly, the CNS.

2. PATHOLOGY

Cysticerci are vesicles consisting of two main parts, the vesicular wall and the 
scolex. The scolex has a similar structure to the adult T. solium, including a 

Keywords: parasitoses, cysticercosis, brain, spine
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rostellum armed with suckers and hooks. In the CNS, cysticerci may lodge in 
the brain parenchyma (most frequently), subarachnoid space, ventricular sys-
tem (most commonly the 4th ventricle), or spinal cord. Once the oncosphere 
has passed into the parenchyma, it grows and evolves through vesicular, 
 colloidal, nodular-granular, and calcifi ed stages. After entering the nervous 
system, cysticerci elicit a scarce infl ammatory reaction in the surrounding tis-
sues. In this stage parasites have a clear vesicular fl uid and a normal scolex 
(vesicular stage). Cysticerci may remain viable for years or, as the result of a 
complex immunological attack from the host, enter into a process of degen-
eration that ends with its death. The fi rst stage of involution of cysticerci is 
the colloidal stage, in which the vesicular fl uid becomes turbid and the scolex 
shows signs of degeneration. Colloidal cysticerci are surrounded by a thick 
collagen capsule, and the surrounding brain parenchyma shows astrocytic 
gliosis and diffuse edema. Thereafter, the wall of the cyst thickens and the 
scolex is transformed into coarse mineralized granules; this is called the nod-
ular-granular stage. Finally, in the calcifi ed stage, the parasite remnants  appear 
as a mineralized nodule. When parasites enter into the granular and calcifi ed 
stages, the edema subsides but astrocytic changes in the vicinity of the lesions 
become more intense than in the preceding stages.

Meningeal cysticerci elicit intense infl ammation in the subarachnoid space 
with formation of a dense exudate composed of collagen fi bers, lymphocytes, 

T. solium ova are
excreted along

with feces

Animals ingest
ova and develop

cysticerci in
tissues

Accidental ingestion of ova
(autoinfection, food

contamined with feces,
etc.)

Development of human
cysticercosis

Humans ingest
cysticerci from

raw/undercooked
(pork) meat
developing 

T. solium tapeworm

Fig. 1. Diagram of T. solium life cycle
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multinucleated giant cells, and hyalinized parasitic membranes, leading to ab-
normal leptomeningeal thickening. The optic chiasm and cranial nerves are 
encased in this exudate. The foramina of Luschka and Magendie may be oc-
cluded by the thickened leptomeninges with the subsequent development of 
hydrocephalus. Small penetrating arteries arising from the circle of Willis are 
also affected by this infl ammatory reaction; this may cause occlusion of the 
lumen of the vessels and cerebral infarctions. Ventricular cysts also elicit an 
infl ammatory reaction if they are attached to the choroid plexus or the 
 ventricular wall. The ependymal lining is disrupted and ependymal cells are 
replaced by subependymal glial cells that protrude toward the ventricular 
cavities and block the transit of CSF, particularly when the site of protrusion 
is at the foramina of Monro or the cerebral aqueduct (most commonly the 
racemose form).

3. CLINICAL MANIFESTATIONS

Clinical manifestations of NCC depend primarily on the number and loca-
tion of cysticerci and the host’s immune response to infection. Involvement 
of brain parenchyma is common and leads to the most frequent presenta-
tion of seizures (70–90% of acutely symptomatic patients) or headache 
[4]. Headache usually indicates the presence of hydrocephalus, meningitis, 
or increased intracranial pressure. Extraparenchymal ventricular and sub-
arachnoid cysts are also found. These carry a worse prognosis and often 
lead to obstructing hydrocephalus requiring surgical intervention. Fourth 
ventricle cysts can create a subacute hydrocephalus via a valve-and-ball 
mechanism. However, head movement can suddenly increase the intracra-
nial pressure (Brun’s syndrome). Cysticerci within the basilar cisterns or 
Sylvian fi ssures may enlarge to 10–15 cm in diameter. Those within the cis-
terns may also cause serious vasculitis and stroke. The mortality rate of 
patients with hydrocephalus or increased intracranial pressure is higher 
than the mortality rate of patients with seizures. Patients with intrasellar 
cysticerci present with ophthalmological and endocrinologic disturbances 
similar to those produced by pituitary tumors. Spinal NCC is rare. It may 
present with root pain or motor and sensory defi cits that vary according to 
the level of the lesion.

4. IMAGING STUDIES

Due to the poor sensitivity of MRI for the detection of calcifi cations, CT re-
mains the best screening neuroimaging procedure for patients with suspected 
neurocysticercosis, and MRI is the imaging modality of choice for the evalu-
ation of patients with intraventricular cysticercosis, brainstem cysts and small 
cysts located over the convexity of cerebral hemispheres. MRI is also superior 
to CT in the follow-up of the patients after therapy.
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CT and MRI fi ndings in parenchymal neurocysticercosis depend on the 
stage of development of the parasites (Fig. 2). Vesicular (living) cysticerci ap-
pear on CT as small and rounded low-density areas without perilesional ede-
ma or enhancement after contrast medium administration (Fig. 3). On MRI, 
vesicular cysts appear with signal properties similar to those of CSF in both, 
T1 and T2-weighted images. The scolex is usually visualized within the cyst 
as a high intensity nodule giving the lesion a pathognomonic “hole-with-dot” 
imaging. Sometimes, these parasites are so numerous that the brain resembles 
a “swiss cheese”. On MRI, the wall of the colloidal cysticerci becomes thick 
and hypointense and there is marked perilesional edema, better visualized on 
T2-weighted images. Granular cysticerci appear on CT as nodular hyper-
dense lesions surrounded by edema after contrast administration. On MRI, 

A B C

Fig. 2. Neurocysticercosis in its different stages of evolution. A Multiple viable cysts (ve-
sicular stage). B Granular stage with abundant perilesional edema. C Single granular lesion 
with scarce edema

Fig. 3. Left: Vesicular cyst in posterior fossa. Right: Obstructive hydrocephalus secondary 
to aqueductal cysticercosis
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granular cysticerci are visualized as areas of signal void on both T1 and T2-
weighted images surrounded by edema or gliosis with hyperintense rims 
around the area of signal void. Calcifi ed (dead) cysticerci normally appear on 
CT as small hyperdense nodules without perilesional edema or abnormal en-
hancement after contrast medium administration (Fig. 4).

Hydrocephalus, caused by infl ammatory occlusion of the foramina of 
Luschka and Magendie, is the most common neuroimaging fi nding in 
 patients with subarachnoid neurocysticercosis (Fig. 3). Acute hypertensive 
hydrocephalus is associated with periventricular lucencies representing in-
terstitial edema due to transependymal migration of CSF. In contrast, 
chronic and relatively normotensive forms of hydrocephalus are not associ-
ated with this CT pattern. The fi brous arachnoiditis that is responsible for 
the development of hydrocephalus is seen on CT or MRI as areas of abnor-
mal leptomeningeal enhancement at the base of the brain after contrast 
 medium administration. Ischemic cerebrovascular complications of sub-
arachnoid neurocysticercosis are well visualized with CT or MRI but these 
are nonspecifi c.

Ventricular cysticerci appear on CT as hypodense lesions that distort the 
ventricular system causing asymmetric or obstructive hydrocephalus. The 
administration of positive intraventricular contrast medium allows precise 
localization of intraventricular cysticerci by CT. The administration of con-
trast medium is usually performed by transcutaneous puncture of the ante-
chamber of a ventricular shunt or through a ventriculostomy tube. Positive 
contrast medium may also be administered through a lumbar puncture; 
 however, this procedure should be conducted cautiously since intracranial 
pressure may induce the development of brain herniation in patients with 
hydrocephalus or intraventricular masses. Most ventricular cysts are readily 
visualized on MRI. In some cases, the ventricular cyst is only visualized in the 

Fig. 4. Multiple calcifi cated cysts
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proton density sequence or with FLAIR techniques, where they appear 
 barely hyperintense with regard to the CSF. Cyst mobility within the ven-
tricular cavities in response to movements of the patient’s head, the “ventricu-
lar migration sign”, is better observed with MRI than with CT. This fi nding 
facilitates the diagnosis of ventricular cysticercosis in some patients.

On MRI, intramedullary cysticerci appear as rounded or septated lesions 
that may have an eccentric hyperintense nodule representing the scolex. The 
periphery of the cyst usually enhances due to a breakdown of the blood-spinal 
barrier in the parenchyma of the spinal cord surrounding the cyst. The spinal 
cord is seen enlarged and if the scolex is not identifi ed it is diffi cult to differen-
tiate this condition from ependymomas, cystic astrocytomas, or primary sy-
ringomyelic cavities. Myelography is still of diagnostic value in patients with 
suspected spinal leptomeningeal cysticercosis. In this form of the disease, my-
elograms usually show multiple fi lling defects in the column of contrast mate-
rial corresponding to the cysts. Leptomeningeal cysts may be freely mobile 
within the spinal subarachnoid space and may change their position during the 
exam according to movements of the patient in the exploration table.

DECISION-MAKING

1. DIAGNOSTIC CRITERIA

Del Brutto et al. provided diagnostic criteria for neurocysticercosis based on 
objective clinical, imaging, immunologic, and epidemiologic data [6]. These 
include four categories of criteria stratifi ed on the basis of their diagnostic 
strength, including the following:

1.1 Absolute

Histologic demonstration of the parasite from biopsy of a brain or • 
spinal cord lesion.
Cystic lesions showing the scolex on CT or MRI.• 
Direct visualization of subretinal parasites by funduscopic • 
 examination.

1.2 Major

Lesions highly suggestive of neurocysticercosis on neuroimaging • 
studies.
Positive serum enzyme-linked immunoelectrodiffusion transfer blot • 
(EITB) for the detection of anticysticercal antibodies.
Resolution of intracranial cystic lesions after therapy with albenda-• 
zole or praziquantel.
Spontaneous resolution of small single enhancing lesions.• 
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1.3 Minor

Lesions compatible with neurocysticercosis on neuroimaging  • 
studies.
Clinical manifestations suggestive of neurocysticercosis.• 
Positive CSF enzyme-linked immunosorbent assay (ELISA) for de-• 
tection of anticysticercal antibodies or cysticercal antigens.
Cysticercosis outside the CNS.• 

1.4 Epidemiologic

Evidence of a household contact with • Taenia solium infection.
Individuals coming from or living in an area where cysticercosis is • 
endemic.
History of frequent travel to disease-endemic areas.• 

Interpretation of these criteria permits two degrees of diagnostic certainty:

1.5 Definitive diagnosis

One absolute criterion, or• 
Two major plus one minor and one epidemiologic criterion.• 

1.6 Probable diagnosis

One major plus two minor criteria, or• 
One major plus one minor and one epidemiologic criterion, or• 
Three minor plus one epidemiologic criterion.• 

2. IMMUNOBLOT

The Western blot for cysticercosis or the EITB, which uses lentil lectin 
 purifi ed glycoprotein (LLGP) antigens extracted from the metacestode of 
T. solium, has been the “gold standard” serodiagnostic assay since it was fi rst 
described in 1989. It gives close to 100% specifi city and a sensitivity varying 
from 70 to 90%. This high sensitivity decreases when the number of cystic-
erci is low. The EITB is more effi cient using serum instead of cerebrospinal 
fl uid (CSF).

3. ELISA

ELISA, when used in serum, has 65% of sensitivity and 63% specifi city. 
 Sensitivity is higher with CSF. In developing countries ELISA is preferred 
because of its better availability, simplicity and lower cost compared to EITB. 
When used for detecting cysticerci antigens in CSF, ELISA gives close to 
85% sensitivity and 100% specifi city, with the advantage of identifying the 
active forms of the larvae.
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Clinical
Manifestations:

Headaches,
seizures, ICP,
encephalitis

CT/MRI

Suggestive images,
Different stages

Serology

Diagnostic Criteria

Diagnosis

Treatment

Single lesions with
equivocal images

should be
biopsied

Fig. 5. Diagnostic approach to neurocysticercosis

I personally recommend to perform stereotactic biopsies when a doubtful 
single lesion shows no radiographic improvement with clinical treatment, even 
with a positive serology, because of the high incidence of gliomas (Fig. 5).
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TREATMENT

Cysts’ number, location, stage and the hosts immune response are to take into 
consideration for a proper and individualized treatment that usually includes 
a combination of symptomatic drugs, cysticidal drugs, surgical resection of 
lesions, and placement of ventricular shunts (Fig. 6).

1. ANTIHELMINTICS

For intraparenchymal NCC with viable cysts, albendazole (ABZ) (15 mg/kg/
day orally for seven days or longer) is associated with destruction of most 
cysts, and a decrease in seizures of at least 45% (higher in seizures with gen-
eralization). Praziquantel (PZQ) can be used orally in a single-day regimen of 
three doses of 25 mg/kg given at two-hour intervals, or the standard 15-day 
regimen of 50–100 mg/kg/day [3]. PZQ has a slightly lower cysticidal effi cacy 
than ABZ. Steroids decrease serum levels of PZQ. Serum levels of phenytoin 
and carbamazepine may also be lowered as the result of simultaneous prazi-
quantel administration [11].

Patients with single enhancing lesions may not need specifi c therapy as most 
of these lesions disappear spontaneously. Dead, calcifi ed cysts do not need to 
be treated with anti-parasitic drugs. Steroids can shorten the duration of the 
edema but they might not affect the frequency of subsequent edema episodes.

For subarachnoid cysticercosis treatment with albendazole for 4 weeks is 
recommended, sometimes requiring more than one course. Cysticidal drugs 
must be used with caution in patients with giant subarachnoid cysts because 
the host’s infl ammatory reaction in response to the destruction of parasites 
may occlude leptomeningeal vessels surrounding the cyst.

Fig. 6. Decision-making for the treatment of neurocystercosis
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In patients with ventricular cysts, the therapeutic approach with cysticidal 
drugs should be individualized. Although albendazole successfully destroys 
many ventricular cysts, the infl ammatory reaction surrounding the cysts may 
cause acute hydrocephalus.

Patients with cysticercotic encephalitis should not be treated with cysti-
cidal drugs because this may exacerbate the intracranial hypertension ob-
served in this form of the disease. In patients with both hydrocephalic and 
intraparenchymal cysts, cysticidal drugs should be used only after a ventricu-
lar shunt has been placed to avoid further increases of intracranial pressure as 
a result of drug therapy.

2. ANTI-INFLAMMATORY TREATMENT

Dexamethasone in doses between 4.5 and 12 mg/day. Prednisone at 1 mg/kg/day 
may replace dexamethasone when long-term steroid therapy is required [5].

Corticosteroids are the primary form of therapy for cysticercotic encepha-
litis, angiitis, and arachnoiditis causing progressive entrapment of cranial nerves. 
In such cases, up to 32 mg per day of dexamethasone may be needed for control 
of symptoms. In patients with cysticercotic encephalitis, cortico steroids may 
be used in association with mannitol at doses of 2 mg/kg per day [2].

Simultaneous administration of corticosteroids and cysticidal drugs ame-
liorate the secondary effects of headache and vomiting that may occur during 
cysticidal drug therapy. Headache and vomiting are not due to toxic effects of 
the drugs but rather to the destruction of parasites within the brain and are 
reliable indicators of drug effi cacy. In patients with giant subarachnoid cystic-
erci, ventricular cysts, spinal cysts, and multiple parenchymal brain cysts, 
corticosteroids must be administered before, during, and even some days af-
ter the course of cysticidal drugs to avoid cerebral infarction, acute hydro-
cephalus, spinal cord swelling, and massive brain edema, respectively.

3. SURGICAL TREATMENT

The main problem in ventricular shunt placement is the high prevalence of 
shunt dysfunction; indeed, it is common for patients with hydrocephalus sec-
ondary to neurocysticercosis to have two or three shunt revisions [8]. Main-
tenance steroid therapy and antihelmintic drugs may decrease the frequency 
of shunt blockages [10]. Neuroendoscopy can be used for resection of 
 intraventricular cysts, with much less morbidity than with open surgery.

3.1 Surgical treatment basis

Surgical treatment of NCC is an option when clinical treatment is not effective. 
Surgery should be the fi rst choice of treatment in the presence of increased in-
tracranial pressure secondary to giant cysts causing mass effect and hydroceph-
alus due to CSF circulation blockage.
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The modality of the treatment is chosen according to the localization of 
cysticerci. The most common procedures are ventriculo-peritoneal shunting 
for treating hydrocephalus and neuroendoscopy for both cyst re section and 
extraction and management of hydrocephalus [1]. For those cysts  localized in 
the 3rd and 4th ventricles, surgery is targeted to resection and extraction of 
the lesions, and resolution of the intracranial hypertension secondary to the 
hydrocephalus, all at the same time (Figs. 7–9). For cysts localized in the lat-
eral ventricles, neuroendoscopic resection can be performed simulta neously 
with a ventriculocysternotomy for treating hydrocephalus.

Fig. 7. Residual cysts in 4th ventricule, after surgery

Fig. 8. Residual cysts after surgery in 4th ventricle
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Intraparenchymal cysts will only be managed surgically, in the setting of 
severe intracranial hypertension.

Pseudotumors secondary to giant subarachnoid cysts, must be managed 
surgically whenever clinical treatment fails.

In spinal cord involvement, surgery is always mandatory in presence 
of medullary compression. Subarachnoid lesions are far more common 
than the intramedullaries. Resection should always be performed using a 
microscope. In the case of intramedullary cysts, resection constitutes an 
exceptional diagnosis without the evidence of a concomitant intracranial 
lesion.

Subarachnoid cysts are most commonly found in the racemous form. Sur-
gery is considered when clinical treatment fails, and it consists in the resection 
under microscope of localized lesions.

3.2 Surgical techniques

The installation of a ventriculo-peritoneal shunt is performed in a classic 
manner, with the implantation of a mid-pressure valve, taking into consid-
eration the side of the lesion. For the abdominal time, we prefer the tran-
sumbilical approach for aesthetic purposes, mainly in children and 
young women. We choose ventriculocysternostomy over shunting when-
ever  possible. Shunt dysfunction due to obstruction of the catheter is one 
of  the most common complications, which leads to a revision for its 
r einstallation.

Free-fl oating intraventricular cysts should be treated endoscopically. In 
many cases it may be necessary passing through the septum and performing a 
ventriculocysternostomy in the same intervention.

Fig. 9. Cyst after extraction from 4th ventricle
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For cysts in the 4th ventricle, we choose a suboccipital classic approach, 
paying special attention to microsurgery, and a thorough irrigation with nor-
mal saline.

Lesions in the lateral ventricles are assessed through a frontal trepanus 
with the introduction of the neuroendoscope. The site and angle of entrance 
will vary depending on the number of vesicles. Sometimes it can be necessary 
an additional entry point in order to perform a simultaneous ventriculo-
cysternoscopy. Septum pellucidum fenestration is a common procedure and 
carries no major consequences. The cyst may accidentally rupture without 
leading to complications.

In some subarachnoid cysts, stereotactic localization is needed: (1) giant 
cysts causing mass effect, (2) encephalitis secondary to cerebral edema (ex-
ceptionally).

CONCLUSIONS

Neurocysticercosis is a parasitic infection that has become worldwide due to 
its easy spread through travelers. It has multiple forms of presentation like 
epilepsy, syndrome of intracranial hypertension, and hydrocephaly. Intra-
parenchymal neurocysticercosis has a favorable course and responds well to 
clinical treatment. Subarachnoid and intraventricular cysts have a greater 
morbi-mortality, since these can grow to the development of intracraneal hy-
pertension with mass effect. Hydrocephaly secondary to CSF obstruction 
and arachnoiditis require decompression surgery. A large number of patients 
treated with ventriculo-peritoneal shunts, need reintervention to release ob-
struction. The vast majority of patiens need anticonvulsive therapy. True dis-
ease control is only achieved by avoiding transmission, with proper sanitary 
measures.
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CLASSIFICATION OF BRAIN TUMORS 
AND CORRESPONDING TREATMENTS

M. WESTPHAL

INTRODUCTION

The fi rst systematic classifi cation system for brain tumors according to their 
presumed cells of origin was established by Cushing and Bailey in 1926. The 
World Health Organisation established an international tumor classifi cation 
system in 1957 in order to initiate a classifi cation and grading system with 
worldwide acceptance and usage since without such a system and the clearly 
defi nd histopathological and clinical diagnostic criteria it was not possible to 
conduct epidemiological studies and clinical trials beyond institutional and na-
tional boundaries. For brain tumors the initial classifi cation was established in 
1979 by Zülch and revised in 1993 by Kleihues with the introduction of im-
munohistochemistry. The third edition was published 2000, the so-called WHO 
blue book not only described and graded all brain tumors in precision, but also 
epidemiological, clinical, imaging and genetic information was presented in a 
structured fashion [3]. Currently the fourth edition of the WHO classifi cation 
of tumors of the central nervous system, published in 2007 lists new entities and 
histological variants [4]. Despite of the WHO system brain tumors in general 
can be divided into axial and extra-axial lesions (i.e. meningioma vs. glioma) or 
into primary cerebral (gliomas) and secondary cerebral (metastases).

This chapter is a summarized overview of classifi cation of brain tumors 
and their corresponding treatments, with additional materials by Oliver 
Heese, M.D.

BRAIN TUMOR CLASSIFICATION

1. HISTOMORPHOLOGICAL CRITERIA

In order to grade and classify tumors of the brain, different histological crite-
ria were defi ned based on conventional H+E stainings or immunohistochem-
istry of paraffi n-embedded formalin-fi xed tissue specimens. The criteria are 
listed in Table 1.

2. WHO GRADING SYSTEM

In the WHO classifi cation brain tumors are differentiated into 4 grades ac-
cording to their increasing malignancy from grade 1 to grade 4 based on his-

Keywords: neuro-oncology, brain tumor grading, brain tumor imaging
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tological criteria such as cellularity, nuclear atypia, vascularisation, necrosis 
or cell shape to mention just a few. This grading system correlates well with 
the clinical prognosis of the different tumor entities and has impact on thera-
py decision-making.

3. MOLECULAR DIAGNOSTICS

It has become accepted that histological criteria are neither suffi cient for the 
unequivocal classifi cation of brain tumors nor for a correlative analysis of 
treatment responses nor the prediction of progression, thus warranting the 
inclusion of information concerning molecular characteristics and genetic al-
terations. Despite a wealth of such information for various tumors these in-
formations have not yet found suffi cient appreciation in the WHO grading 
system.

So far only two molecular alterations play a signifi cant clinical role, 
 partially for making therapeutic decisions but mainly for estimating the prog-
nosis of a patient. Prototypic is the functional 1p19q deletion in oligonden-
droglioma which appears to be the result of a chromosomal translocation. A 
loss of 1p19q suggests strongly a better prognosis and response to chemo-
therapy and radiation therapy in contrast to oligodendrogliomas of the same 
WHO grade but without the 1p19 deletion [6]. The other signifi cant molecu-
lar determinant of therapeutic effi cacy of alkylating agent chemotherapy is 
the methylation status of the MGMT (Methyl-Guanin-Methyl-Transferase) 
gene in glioblastomas (astrocytoma grade IV). MGMT is a DNA repairing 
enzyme and a methylation of the MGMT-promoter leads to a decreased 
amount of this enzyme in glioblastomas and therefore leads to a higher sus-

Table 1. Histological criteria for the WHO classifi cation system

Grade 1: Low cell density
 No nuclear atypies
 No mitotic fi gures
 No necrotic areas

Grade 2: Moderate cell density
 Minor nuclear atypies
 Minor mitotic fi gures
 No necrotic areas

Grade 3: High cell density
 Moderate nuclear atypies
 High rate of mitotic fi gures
 No necrotic areas
 Microvascular proliferations

Grade 4: High cell density
 High rate of nuclear atypies
 High rate of mitotic fi gures
 High rate of necrotic areas
 Microvascular proliferations
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Table 2. The 2007 WHO classifi cation of tumors of the central nervous system

Tumors of neuroepithelial origin
 Astrocytic tumors
  Diffuse astrocytoma
   Fibrillary astrocytoma
   Protoplasmic astrocytoma
   Gemistocytic astrocytoma
  Anaplastic astrocytoma
  Glioblastoma
  Variants
   Pilocytic astrocytoma
   Pleomorphic xanthoastrocytoma
   Subependymal giant cell astrocytoma
 Oligodendroglial tumors
  Oligodendroglioma
  Anaplastic oligodendroglioma
 Mixed gliomas
  Oligoastrocytoma
  Anaplastic oligoastrocytoma
 Ependymal tumors
  Ependymoma
   Cellular ependymoma
   Papillar ependymoma
   Clear cell ependymoma
   Tanycytic ependymoma
  Anaplastic ependymoma
  Myxopapillary ependymoma
  Subependymoma
 Choroid plexus tumors
  Choroid plexus papilloma
  Choroid plexus carcinoma
 Glial tumors of uncertain origin
  Astroblastoma
  Gliomatosis cerebri
  Choroid glioma of the third ventricle
 Neuronal and mixed neuronal-glial tumors
  Dysplastic gangliocytoma of the cerebellum
  Desmoplastic infantile astrocytoma/ganglioglioma
  Dysembryoblastic neuroepithelial tumor
  Ganglioglioma
  Anaplastic ganglioglioma
  Central neurocytoma
  Cerebellar liponeuroyctoma
  Paraganglioma of the fi lum terminale
Meningioma
  Meningothelial meningioma
  Fibroblastic meningioma
  Transitional meningioma
  Psammomatous meningioma
  Angiomatous meningioma
  Microcystic meningioma
  Secretory meningioma
  Lymphoplamacyte-rich meningioma
  Metaplastic meningioma
Neuroblastic tumors
 Olfactory neuroblastoma
  Olfactory neuroepithelioma
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 Pineal parencymal tumors
  Pineocytoma
  Pineoblastoma
 Embryonal tumors
  Medulloepithelioma
  Ependymoblastoma
  Medulloblastoma
   Desmoplastic medulloblastoma
   Large cell medulloblastoma
   Medullomyoblastoma
   Melanotic medulloblastoma
 Supratentorial primitive neuroectodermal tumor (PNET)
  Neuroblastoma
  Ganglioneuroblastoma
 Atypical teratoid/rhabdoid tumor
 Tumors of peripheral nerves
  Schwannoma
   Cellular schwannoma
   Plexiform schwannoma
   Melanocytic schwannoma
  Neurofi broma
   Plexiform neurofi broma
  Perineurioma
   Intraneural perineurioma
   Soft-tissue perineurioma
  Malignant peripheral nerve sheath tumor (MPNST)
   Epitheliod MPNST
   Glandular MPNST
   Malignant triton tumor
   Melanocytic MPNST
   Melanocytic psammomatous MPNST
 Primary melanocytic lesions
  Diffuse melanocytosis
  Melanocytoma
  Malignant melanoma
  Meningial melanomatosis
 Tumors of uncertain histogenesis
 Capillary hemangioblastoma
 Lymphomas and hematopoetic tumors
  Plasmocytoma
  Granulocytic sarcoma (Chloroma)
 Germ-cell tumors
  Germinoma
  Embronal carcinoma
  Yolk sac tumor
  Choriocarcinoma
  Teratoma
   Mature teratoma
   Immature teratoma
   Teratoma with malignant transformation
 Mixed germ.cell tumors
 Tumors of the sella region
  Craniopharyngioma
   Adamantinous
   Papillary
 Granular cell tumors
 Metastastic tumors

Table 2 (Continued)
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ceptibility for alkylating chemotherapeutic drugs (i.e., temozolomide). It was 
shown that glioblastoma patients with methylated MGMT-promoter had a 
better prognosis than patients where MGMT is unmethylated [2].

The complete classifi cation system is listed in Table 2. For practical 
reasons this overview will focus on the most common brain tumor entities 
(astrocytomas, oligodendrogliomas, ependymomas, meningiomas, and 
metastases).

CLASSIFICATION OF BRAIN TUMOR TREATMENTS

1. TREATMENTS

1.1 Surgery

The surgical approach for brain tumors can be divided into two strategies. 
For extra-axial lesions the aim is a radical resection while preserving vital 
structures like cranial nerves, cerebral arteries or large draining veins (i.e. 
meningiomas, schwannomas). For intra-axial tumors of glial origin a radical 
resection with boundaries free of tumor-cells is not possible despite modern 
technologies like neuronavigation, intraoperative imaging or fl uorescent-aid-
ed resections. But it has been shown that the amount of resected solid tumor 
has an impact on patient’s prognosis and therefore the more tumor tissue re-
sected the better for the patient [10]. This is broadly accepted not only for 
glioblastomas but also for low grade astrocytic tumors.

1.2 Radiation therapy

Radiation therapy is a major part in the treatment of malignant gliomas for 
many decades. Overall the principle of a conformal radiation including a 
1.5–2 cm rim around the tumor has not changed [14]. Stereotactic radiation, 
either as a single dose (radiosurgery) or fractionated is an established option 
for non-resectable/residual extraaxial tumors (i.e. meningiomas, schwanno-
mas), but has found limited acceptance for malignant gliomas in any situa-
tion. Interstitial radiation (brachytherapy) is only used in some centers and its 
value may be highest in low grade gliomas although this is still a matter of 
dispute.

1.3 Systemic chemotherapy

For a long time systemic chemotherapy was mainly used in recurrent malig-
nant glioma with nitrosourea-based compounds being the major group of 
substances. But after a phase III trial proved the effectiveness of a combina-
tion of radiation and concomitant chemotherapy with temozolomide this 
regimen is a standard in the treatment also of newly diagnosed glioblastomas 
[11] where temozolamide has been considered to enhance the effi cacy of ra-
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diation. In what portion this therapeutic regimen is transferable onto the 
treatment of WHO grade III is not known so far. Systemic chemotherapy is 
also an established component in the treatment of oligodendroglioma. There 
is no established chemotherapy for meningiomas or the other more rare non-
glial tumors. The effi cacy of systemic chemotherapy is diminished in brain 
metastases except for small cell lung cancer.

TUMOR ENTITIES

1. ASTROCYTIC TUMORS

1.1 Pilocytic astrocytomas (WHO grade I)

Description
This is a slow growing and mostly well circumscribed lesion of children and 
young adults accounting for 6% of all intracranial tumors. A preferred loca-
tion is in the cerebellum. The other preferred region is the optic nerve or chi-
asm where tumors can become very large with brain stem compression but 
the tumors can well be hemispheric (Figs. 1 and 2). Histologically the most 
striking feature are so-called Rosenthal fi bers, mitotic activity is low (MIB1 
labeling < 5%).

Imaging
On MRI imaging pilocytic astrocytomas tend to enhance after gadolinium 
and mostly a clear border to the surrounding brain tissue is seen, perifocal 
edema is rarely detectable. Cysts are a common feature. The variants of pilo-
myxoid astrocytoma or anaplastic pilocytic ependymoma show homogene-
ous contrast enhancement.

Fig. 1. Optic nerve glioma (pilocytic) diagnosed in the fi rst years of life which was treated 
with chemotherapy and radiation with a long subsequent history of partial remissions and 
progression. The polycystic nature and the contrast enhancement are typical features
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Treatment
After complete resection the recurrence rate is low. Theses tumors defy the 
law of inevitable recurrence because they show almost no infi ltration into the 
surrounding parenchyma. In case of tumor recurrence and subtotal resection 
or progression of inoperable tumors (Fig. 1) combined radiation/chemother-
apy protocols for children exist and can be transferred for adults. Spontane-
ous regression of pilocytic astrocytomas has been observed.

1.2 Diffuse astrocytoma (WHO grade II)

Description
This entity is defi ned as a slow growing, well differentiated tumor with dif-
fuse infi ltration into the surrounding brain parenchyma. Five percent of CNS 
tumors are diffuse astrocytomas and the peak of the age distribution is 
between 30 and 40 years. Localized mainly in the cerebral hemispheres the 
predominant clinical signs are seizures. Histologically, the diffuse astrocyto-
ma can be divided into a fi brillary type, a gemistocytic type and a protoplas-
mic type. Complete resection is by defi nition impossible due to the diffuse 
brain tissue invasion. Therefore the tumors tend to recur and have the poten-
tial for progression towards a more malignant grade during the clinical course. 
Progression is the cause of the only moderate prognosis of 5–7 years overall 
survival.

Imaging
On MRI imaging no contrast enhancement is seen. There are two types of 
tumors which impress as a diffuse, poorly delineated change in intensity sig-
nal which is best seen in T2 weighted MRI or FLAIR images (Fig. 3) or lesion 
which in T1-weighted images are a mostly homogeneous hypointense mass, 

Fig. 2. Intrahemispheric pilocytic astrocytoma (left) which because of the well maintained 
borders was amenable to complete resection (right)
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being hyperintense in T2 and FLAR-weighted images with apparently sharp 
borders (Fig. 4).

Treatment
Symptomatic and surgical accessible astrocytomas are resected as radically as 
possible and great efforts including intraoperative imaging, electrophysiolog-
ical monitoring and awake craniotomies with functional mapping are made to 
increase the extent of resection which has been shown to be meaningful [9]. 
The value of adjuvant radiation therapy and chemotherapy is under debate.

1.3 Anaplastic astrocytoma (WHO grade III)

Description
Compared to grade II astrocytomas grade III tumors show a similarly 
diffuse infiltration of the surrounding tissue but with an increased cel-

Fig. 3. Very diffuse fronto-temporo-insular fi brillary astrocytoma with a history of intracta-
ble seizures. In T1 there is only a moderate mass effect in the left temporal lobe whereas 
the FLAIR images show the true extent of the tumor

Fig. 4. Right frontoprecentral lesion which was well delineated during surgery and could 
be removed en-bloc allowing complete histological workup resulting in the diagnosis of an 
astrocytoma WHO grade II
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lularity, cellular atypia and a higher mitotic activity. Anaplastic astro-
cytomas account for 10 to 25% of all glial tumors with an incidence peak 
between 40 and 50 years. As with low grade astrocytomas the location is 
mainly in the cerebral hemispheres and clinical signs originate from the 
mass effect of the lesion depending on the proximity to eloquent areas or 
from seizures.

Imaging
On MRI imaging these tumors may show inhomogenities in native T1- 
weighted images and contrast enhancement after gadolinium application. 
Frequently however, these lesions are very similar to grade II astrocytomas 
in regular MRI (Fig. 5), are often found unsuspectedly postoperatively by 
histology and would only have been picked up with metabolic imaging, i.e. 
fl uoro-ethyl tyrosine PET. Sometimes a pronounced edema can be detected 
in T2 and FLAIR weighted imaging and as such tumors show rapid recur-
rence, some of them are possibly already grade IV in regions not caught in 
the histological investigation. Histologically, the tumors show all signs of 
malignancy defi ned by the WHO (Table 1) like increased cellularity, nu-
clear atypia and a high mitotic activity but no microvascular proliferation 
and necrosis.

Treatment
The therapeutic approach is resection and radiation therapy often in com-
bination with chemotherapy. Despite the absence of data from dedicated, 
randomized multicenter phase III trials anaplastic astrocytoma often are 
treated with a concomitant radiation therapy/chemotherapy protocol sim-
ilar to glioblastomas [1]. The overall survival has been reported in the past 
to be between 2 and 3 years but with the survival times of glioblastoma 
extending, the new therapies will most likely lead to longer survival times 

Fig. 5. Left frontal anaplastic astrocytoma which has a strong signal intensity in the FLAIR 
(left) but has only very limited uptake of contrast in the T1 (right)
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in the near future. There is an indication that for the initial adjuvant thera-
py one might select between chemotherapy and radiation with the same 
effi cacy.

1.4 Glioblastoma (WHO grade IV)

Description
The glioblastoma is the most malignant glial tumor with an incidence of 
10–15% of all intracranial masses and 50–60% of all glial tumors. The an-
nual incidence is 5–7/100,000 population per year. Most glioblastomas de-
velop de novo and are called primary glioblastoma. The development of a 
glioblastoma from an already existing astrocytoma is called secondary 
glioblastoma. Due to the fast growing tumor and the development of a pro-
found perifocal edema often exceeding the tumor mass proper, the patient’s 
history is short and clinical signs occur rapidly. The peak incidence lies be-
tween 50 and 70 years but glioblastoma can occur at any age. Macroscopi-
cally the tumors show areas of high cellularity and vascularisation and large 
necrotic areas giving the tumor the name glioblastoma multiforme. Histo-
logically all characteristics of malignancy are found. A high mitotic activity, 
nuclear atypia and high cellularity are seen and per defi nition necrotic areas 
with pseudopallisading in close proximity to highly vascularised tissue 
areas are found.

Imaging
On MRI imaging typically for glioblastoma an irregular contrast enhancing 
rim surrounds a hypointense necrotic area on T1-weighted images. On T2-
and FLAIR weighted images a perifocal edema can be seen often following 
white matter tracts and exceeding the tumor mass by size. Also in imaging 
the tumor is multiform (Fig. 6A). The malignant nature is refl ected by the 
tumor’s meta bolism which can be characterised by MR spectroscopy and 
clearly shows the differences between low grade and high grade tumors 
(Fig. 6B).

Treatment
The therapeutic approach to glioblastoma should fi rst be an attempt at mac-
roscopical radical microsurgical resection [8]. If this cannot be accomplished 
due to the location of the tumor in close proximity to equent areas, a biopsy 
for histological diagnosis and confi rmation is recommended, partial resec-
tions except when relieving immediately life threatening mass effect do 
not seem benefi cial for patients. Only gross total resections seem to have an 
impact on overall survival. After surgery a combined radiation therapy/
chemotherapy protocol has become the gold standard in the treatment of 
glioblastomas [11, 12]. Despite of this multidisciplinary treatment approach 
the overall prognosis of the patients remain poor with a median survival time 
of about 14 months.



13

CLASSIFICATION OF BRAIN TUMORS AND CORRESPONDING TREATMENTS

2. OLIGODENDROGLIAL TUMORS

2.1 Oligodendroglioma (WHO grade II)

Description
Similar to low grade astrocytomas, oligodendrogliomas demonstrate a diffuse 
infi ltration into the surrounding brain tissue. Localized mainly in the cerebral 
hemispheres with a predisposition for the frontal lobe the macroscopic appear-
ance appears as a soft grayish-pink mass with occasional calcifi cations inside 
the tumor. 10–15% of all glial tumors are oligodendrogliomas with a peak 
incidence in the fi fth decade. Two features are histologically typical for oligoden-
drogliomas, fi rstly microcalcifi cations can be found, secondly a so-called honey-

Fig. 6. A Three images of glioblastoma with a large cyst mimicking abscess in the left 
temporal lobe (left), in the trigonal region with extensive subependymal spread (middle) 
and deep seated with no option for radical resection (right). The unifying characteristic is 
the rim of contrast enhancement. B Typical MR spectra from normal brain (left) a low grade 
glioma (middle) and a glioblastoma (right) showing the continuous diminishing of the NAA 
(N-acetyl aspartate) peak which is the indicator of neuronal integrity and the steady increase 
of the cholin peak as an indicator of increased membrane turnover (provided generously by 
Dr. Förster, Department of Neuroradiology, UKE)
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comb appearance is described. This phenomenon is an embedding and fi xation 
artefact, as due to a swelling of the cells after formalin fi xation this typical appear-
ance occurs. The honeycomb feature is absent in frozen section specimens.

Imaging
Despite of the calcifi cations sometimes seen, oligodendrogliomas are in MRI 
imaging not distinguishable from astrocytic tumors and mimic low grade as-
trocytoma but can also have a very inhomogeneous appearance while invad-
ing throughout large parts of the brain (Figs. 7 and 8).

Fig. 7. Left frontal oligodendroglioma grade II which is undistinguishable from any other 
glioma by FLAIR or T1 weigted MR

Fig. 8. Histologically proven, extensively invasive oligodendroglioma with spread to the 
contralateral hemisphere and inhomogeneity due to the different brain region which are 
involved and also calcifi cations
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Treatment
Treatment of choice is surgical resection, the benefi t of radiation therapy 
or chemotherapy is not clear so far although there are some reports that 
patients with low grade oligodendroglioma benefi t from temozolamide. 
The true value of any therapy beyond resection will be resolved in trials 
which unfortunately will still need many more years before results are 
generated.

2.2 Anaplastic oligodendroglioma (WHO grade III)

Description
About half of all oligodendrogliomas have either focal or diffuse signs of 
anaplasia and are graded as WHO III tumors. The incidence peak is be-
tween 45 and 50 years. Histologically the typical honeycomb appearance is 
maintained but anaplastic features intervene like necrosis, atypia and in-
creased cellularity.

Imaging
On MRI imaging differentiation between anaplastic astrocytoma and ana-
plastic oligodendroglioma is not reliably possible although there is a tendency 
for contrast enhancement. Again, as in the case of astrocytomas, MR spec-
troscopy or metabolic imaging has further discrimitating capability.

Treatment
After surgical resection anaplastic oligodendrogliomas are either treated by 
radiation therapy or chemotherapy, whereas chemotherapy is preferred in 
most centers (Procarbazine, CCNU and Vincristine (PCV) or temozolomide) 
[13].

  Oligoastrocytomas and anaplastic Oligoastrocytomas also called mixed 
gliomas are treated like the astrocytic component

3. EPENDYMAL TUMORS

3.1 Subependymoma (WHO grade I)

Description
Subependymomas arise almost exclusively from the wall of the lateral ventri-
cles in nodular shapes. They originate from the subependymal layer and 
might be considered a precursor cell type tumor. Histological features are a 
low cellular density and perivascular pseudorosettes. Mitosis and necrotic ar-
eas are per defi nition absent.

Imaging
These tumors are characterized on MRI imaging by a nodular appearance at 
the wall of the lateral ventricles with almost no contrast enhancement (Fig. 9). 



16

M. WESTPHAL

Enlarged ventricles may occur due to occlusion of the CSF pathways, mostly 
due to occlusion of the foramen of Monro.

Treatment
In case of obstruction of CSF fl ow, resection of subependymomas is indicated. 
Resection of tumors in the lateral ventricles is performed either with micro-
surgical techniques via an anterior transcallosal or transcorti cal approach or 
endoscopically. There is no indication for any further therapy.

3.2 Myxopapillary Ependymoma (WHO grade I)

Description
This ependymoma subtype is usually located in the conus/cauda area, arises 
from the fi lum terminale and presents distinct histological characteristics like 
myxoid and pseudopapillary degeneration with deposition of mucinous ex-
tracellular material.

Imaging
On MRI imaging myxopapillary ependymomas are characterized by a homo-
geneous contrast enhancing mass in the conus/cauda area. For differential 
diagnosis schwannomas have to be considered.

Treatment
The treatment of choice is an attempt at a radical resection via a dorsal approach 
to the thoraco-lumbar or lumbar spine either by laminotomy or via a unilateral 
interlaminar window (spinal keyhole) depending on the size and lateralization 
of the ependymoma. Rarely the capsule cannot be resected completely due to 
adherences to the fi bers of the caudal nerve roots. In such cases recurrences may 
occur and adjuvant therapies such as radiation are advocated by some authors.

Fig. 9. Left frontal anaplastic oligodendroglioma showing a pronounced mass effect and 
also diffuse contrast enhancement



17

CLASSIFICATION OF BRAIN TUMORS AND CORRESPONDING TREATMENTS

3.3 Ependymoma (WHO grade II)

Description
In general ependymomas arise typically along the ventricular system and 
the central canal. Every second tumor of the spinal cord is an ependymoma. 
In children most ependymomas arise infratentorially, in adults the infra- 
and supratentorial localisation are equally distributed. The histopathologi-
cal hallmarks are so called pseudorosettes (perivascular tumor cells with 
extended fi brillary processes towards the vessel wall) and true ependymal 
rosettes consisting of a single layer of cuboidal tumor cells. According to 
the WHO classifi cation four variants of grade II ependymoma exist: cellu-
lar ependymoma, papillary ependymoma, clear-cell ependymoma, tanyctic 
ependymoma but there does not seem a distinctive difference in the biology 
or clinical course.

Imaging
On MRI imaging these tumors demonstrate an inhomogeneous contrast en-
hancement and a well defi ned border to the adjacent brain tissue (Fig. 11). In the 
spinal cord, polar cysts are frequent and a syrinx far beyond the contrast enhanc-
ing tumor mass (Fig. 12). Ependymomas within the brain parenchyma are rare 
but even in these cases a relationship to the ventricular system can be suspected in 
most cases (Fig. 13). A perifocal edema around the tumor mass is not common.

Treatment
Treatment modality of choice is radical tumor resection. If substantial 
residual tumor is seen on post-op MRI and it appears resectable, a second 
operation has been advocated by some authors because the radicality of re-
section is the most relevant prognostic parameter. Any further therapies are 
undefi ned because there are no large series supporting a level 1 recommenda-
tion [7]. Radiation therapy is recommended in adults for recurrences with the 
evidence taken from inhomogeneous institutional series but not from any 

Fig. 10. Subependymoma of the right lateral ventricle arising from the septum pellucidum
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Fig. 11. Typical extension of an ependymoma of the foramen of Luschke which has an 
inhomogeneous contrast enhancement but shows no signs of tissue reaction inside the 
fourth ventricle

Fig. 12. Typical intramedullary ependymoma with extensive involvement of the spinal cord 
but a rather circumscribed contrast enhancing portion representing the tumorous part

Fig. 13. Anaplastic ependymoma in an adult with intraparenchymal location but connection 
with the right temporal horn of the lateral ventricle
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large scale randomised studies. Children are usually entered into protocols 
which are stratifi ed by age and disease stage and may prescribe combination 
of radiation therapy and intense chemotherapy.

3.4 Anaplastic Ependymoma (WHO grade III)

Description
In anaplastic ependymomas the characteristic rosettes and pseudorosettes are 
often missing and the tumor shows a high mitotic activity, necrosis and mi-
crovascular proliferation.

Imaging
Differentiation between WHO grade II and grade III ependymomas on MRI 
imaging is not possible. Sometimes in grade III ependymomas the border 
towards the brain parenchyma is not well defi ned and perifocal edema is 
detectable on T2 and FLAIR sequences. In the supratentorial situation, the 
appearance may even be like a glioblastoma (Fig. 13).

Treatment
Similar to grade II ependymomas radical resection is the most crucial element 
of therapy. No standard protocols exist for adjuvant treatments in the adult 
population because of the complete absence of prospective, randomized stud-
ies. Mostly a combination of radiation therapy and chemotherapy is used by 
empirical rational. Radiation in newly diagnosed patients is restricted now to 
the local fi eld and craniospinal radiation is reserved for patients with proven 
dissemination within the CSF space.

4. TUMORS OF THE CHOROID PLEXUS

Description
Choroid plexus tumors arise inside the ventricles from the matrix of the 
choroid plexus. They are of neuroectodermal origin and are most frequent in 
children under 1 year of age where they account for over 10% of all intracra-
nial tumors but in general account for less than 0.5% of all intracranial tu-
mors. The majority of tumors are WHO grade I, the so called papillomas. In 
addition there are atypical plexus tumors (WHO grade II) and the very rare 
plexus carcinomas (WHO grade III).

Imaging
The regular plexus papillomas and also the atypical tumors are well circum-
scribed, occasionally “caulifl ower” lesions within the ventricle, often in the 
fourth ventricle or around the trigonal region. Because of their slow growth 
and subsequent obstruction of CSF passage, either compartmental or triven-
tricular, there may be pronounced accompanying hydrocephalus. Edema is 
uncommon as the displacement process is usually slow and the surrounding 
structures are not infi ltrated (Fig. 14). The texture of the tumors is inhomo-



20

M. WESTPHAL

geneous, microcystic with regular contrast enhancement. As these tumors are 
frequently calcifi ed, hyperdense structures may be seen in CT.

Treatment
As most tumors are grade I and II they will be resected. Radical resection is 
usually possible but the patients still need to be followed for several years 
because recurrences are possible. For obstructive hydrocephalus there may 
be the necessity for a third ventriculostomy, and if the hy drocephalus has a 
malresorptive component due to long-standing protein secretion from the 
tumor and impaired CSF resorption, permanent shunting may be necessary. 
Also for plexux carcinoma the initial stage of treatment is resection with then 
added radiotherapy of which the effi cacy is still a matter of debate. Follow-up 
is warranted in short intervals of six months at most and in cases of recur-
rence, resection is often the only option. Children are often treated more ag-
gressively in multinational protocols.

5. MENINGIOMAS

5.1 Benign meningioma (WHO grade I)

Description
In general meningiomas are slow growing benign tumors arising from arach-
noidal cap cells in the dura mater. The annual incidence of meningiomas is ap-
proximately 6/100,000 per year and the tumor develope preferentially in the 
elderly patient group between 50 and 70 years. Women are almost twice as of-
ten affected than men. Since meningiomas arise from the dura mater they are 
mostly seen over the cerebral convexity/falx, the skull base and in the spinal 
canal. Intraventricular meningiomas are rare and are supposed to arise from 
meningiothelial cells in the choroid plexus. Due to the slow growing biology of 
the tumor. Meningiomas can grow to enormous sizes before leading to clinical 

Fig. 14. Large plexus papilloma of the fourth ventricle which became symptomatic 
during pregnancy but must have persisted for a long time as seen from the pronounced 
hydrocephalus
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symptoms even in eloquent areas (Fig. 15). Meningiomas at the skull base in 
contrast are often responsible for cranial nerve defi cits even when small in size. 
Macroscopically meningiomas are of solid consistence with broad attachment 
to the dura and a border to the adjacent brain. Meningiomas tend to invade the 
dura and occasionally also the overlying skull, leading to thickening of the bone 
tissue. The border to the brain is sharp but in most cases, the arachnoid plane is 
not completely respected but infi ltrated resulting in surface injury to the brain 
while dissecting the tumor out of its bed. Histopathologically benign men-
ingiomas can be divided into 9 variants (meningothelial, fi brous, transitional, 
psammomatous, angiomatous, microcystic, secretory, lymphoplasmacyte-rich, 
metaplastic). They show low mitotic activity and a variable syncytial growth in 
sheets and lobules surrounded by stromal septation.

Imaging
On MRI imaging the striking feature of meniniomas are the homogeneous 
contrast enhancement after gadolinium injection except for cases with intense 
calcifi cation. The dura adjacent to the meningioma attachment enhances of-
ten up to a distance of 2 cm (“dura tail sign”), often not representing tumor 
but vascular proliferation as a direct response to the tumor. The surrounding 
brain parenchyma is displaced and when the arachnoid coverings are infi l-
trated there may be edema which can also be present due to venous compres-
sion and subsequent congestion. Sometimes, in particular in the secretory 
variant or due to signifi cant venous obstruction, a profound perifocal edema 
visible in T2 and FLAIR sequences is present. On CT intratumoral calcifi ca-
tions and thickening of the adjacent skull is detactable.

Treatment
Treatment of choice for meningiomas is radical resection with excision of 
the origin resulting in tumor free dural edges. The extent of resection is 

Fig. 15. Large typical convexity meningioma in the left fronto-precentral region. Presenting 
with only one initial seizure. There is no surrounding edema and a homogeneous contrast 
enhancement
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classified according to the Simpson grade I (complete) to IV (biopsy). Un-
fortunately radical resection is typical mostly for convexity meningiomas 
whereas in other locations it is more difficult and replaced by charring 
the origins. Often the dural attachment can only be treated by coagulation 
and in particular at the skull base meningioma remnants may have to be 
left due to attachment to cranial nerves and other vital structures. For re-
sidual tumor tissue or recurrent tumor radiosurgery (gamma knife, cyber 
knife, LINAC) is currently widely used especially when after an ob-
servation period, progression can be seen. There is however no class 1 
 evidence to support such strategy [5]. There does not seem to be any jus-
tification for medical therapies, especially as there are no proven effective 
agents.

5.2 Atypical meningioma (WHO grade II)

Description
An atypical meningioma is defi ned using the following histological criteria: 
increased rate of mitosis, increased cellularity, prominent nucleoli, foci of 
necrosis. Clinically these tumors are associated with a higher rate of local re-
currence.

Imaging
With conventional MRI sequences without metabolic imaging it is not pos-
sible to distinguish between grade I and grade II meniniomas (Fig. 16).

Treatment
The treatment regimen for grade II meningiomas basically does not differ 
from the treatment of grade I meningiomas. The initial treatment attempt has 
to be radical tumor resection. Since the recurrence rate, however, is higher 
than with grade I meningiomas the intervals for follow-up MRI scans are 

Fig. 16. Left temporal meningioma with pronounced mass effect. This inhomogeneous 
tumor turned out to be an atypical meningioma
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 initially shorter (usually 3 to 6 months for the fi rst two years). Recurrences 
are treated aggressively with repeated resections when possible and subse-
quent radiation therapy.

5.3 Malignant meningioma (WHO grade III)

Description
Primary anaplastic meningiomas are rare but with repeated recurrences, even 
well differentiated WHO grade I meningiomas can genetically progress to 
grade II and then III. Histologically the malignant meningiomas can be di-
vided into three subtypes: anaplastic, rhabdoid and papillary. Clinically these 
tumors behave in an aggressive fashion with invasive and destructive growth 
towards neighbouring structures type and regular recurrence within a short 
time. They can metastasize, preferably to the lungs.

Imaging
On MRI and CT scan grade III meningiomas can show a destructive growth 
pattern with infi ltration of the skull and sometimes the overlying soft tissue 
(temporal muscle, galea) leading to a profound contrast enhancement of this 
area. In addition, there is always a pronounced cerebral edema on T2 and 
FLAIR sequences (Fig. 17). As a rule there does not seem to be an arachnoi-
dal cleavage plain so “fuzzy edges” are a neuroradiological characteristic.

Treatment
Despite radical surgical strategies a grade III meningioma is only rarely cur-
able. In addition to aggressive surgery, radiation therapy is regularly used and 
then experimental therapy based on somatostatin receptors found on menin-
giomas, anti-progestins and any chemotherapy which is used for cancer and 
leukemias. Even with these adjuvant therapies the mean survival rates are 
similar to a glioblastoma.

Fig. 17. Recurrent anaplastic meningioma which evolved from an atypical meningioma 
after reoperation and radiation
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6. METASTASES

Description
Overall metastases are the most common tumor of the central nervous 
system.

Metastatic spread of tumor cells detached from systemic tumors into the 
central nervous system occurs via the circulation. Little is known about the 
precise mechanisms of tumor cell attachment (seeding) in the brain and 
subsequent local progression of micrometastasis into clinically symptomat-
ic tumors. Different tumor entities have a highly variable tendency to me-
tastasize into the brain, independently of their incidence. Therefore the 
relative incidence of intracerebral metastases does not correlate with the 
systemic incidence of tumors. 25–30% of patients suffering from a meta-
static cancer also develop cerebral metastasis. Most cerebral metastasis arise 
from lung cancer (approx. 40%) followed by breast cancer with 10–40% 
depending on the published series followed by malignant melanoma with 
10–25% followed by tumors of gastro-intestinal tract and uro-genital tract 
except prostate cancer. In general every solid tumor is able to spread into 
the central nervous system. In 10–20% of patients no primary tumor is 
known at the time of diagnosis of a brain metastasis (metastasis of unknown 
primary).

In general no specifi c signs or symptoms of cerebral metastasis exist. The 
symptoms depend on size, location and degree of perifocal edema like in oth-
er benign or malignant intracranial tumors.

Imaging
Sensitive sequences like FLAIR and T1 with contrast enhancement by gado-
linium are mandatory to detect even small metastases or meningeal enhance-
ment. CT is not enough and even when CT shows a clear lesion. An MRI is 
mandatory because multiplicity is common (Fig. 18) and small lesions may 

Fig. 18. Bilateral occipital metastases of a colon carcinoma which could be removed with-
out compromising the visual fi elds
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not be picked up in CT while clearly impacting the clinical decision making. 
Even small metastases often produce a perifocal edema, therefore edema sen-
sitive MRI sequences are often more helpful in small metastasis detection 
than T1-contrast enhanced sequences. The morphological appearance of 
brain metastasis is very heterogeneous. Even metastases with a diameter of 
2–3 cm may be completely solid without signs of central necrosis, while on 
the other hand small metastasis may appear as a round structure with a gado-
linium enhanced rim and central necrosis/low intensity reminiscent of brain 
abscess. In general, appearance of multiple lesions is highly suspicious of cer-
ebral metastases, as differential diagnosis multifocal gliomas, multifocal lym-
phomas or abscesses have to be considered. For singular lesions differential 
diagnosis is malignant glioma or abscess.

Treatment
The therapy of brain metastasis is complex and an interdisciplinary approach 
where a close cooperation between neurosurgeon, oncologist/neuro-oncolo-
gist and radiation oncologist is needed. Theoretically with a combined ap-
proach of surgery and radiation therapies, a tumor control over a prolonged 
time is possible, but due to systemic metastasis the major proportion of pa-
tients will die within one year from extracranial progression of their tumor. 
Therefore in order to begin with an aggressive therapy of cerebral metastasis 
the following criteria have to be taken into account: control of systemic tu-
mor disease, life expectancy greater than 3 months in case of asymptomatic 
brain metastasis and a Karnofsky score higher than 60, in case of sympto-
matic brain metastases an expected improvement of the Karnofsky score up 
to 60 with a operation.

CONCLUSIONS

Classifi cation of brain tumors according to the WHO system has become ac-
cepted throughout the world. Despite of some incongruences the WHO 
grading system correlates well with the clinical situation and according to the 
system therapeutic decision are made and are generally accepted and can be 
systematically evaluated

The therapy of brain tumors is based onto three pillars, surgery, radiation 
therapy and systemic chemotherapy.

So far the role of local therapy options or targeted therapies according to 
the genetic make-up of a tumor have not been effective thoughout the various 
histologies.
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STEREOTACTIC BIOPSIES FOR TUMORS: 
INDICATIONS, LIMITS, DIAGNOSIS 

WITH HISTOPATHOLOGY AND OTHER 
LABORATORY TECHNIQUES

D. G. T. THOMAS

INTRODUCTION

The concept of stereotactic neurosurgery was introduced by Horsley and 
Clarke [4] on an experimental basis to explore the primate brain in 1905. This 
technology was adapted to the human brain by Spiegel and Wycis in 1947 [13] 
and subsequently stereotactic neurosurgical techniques have been applied not 
only for examination in the treatment for movement disorders and of chron-
ic pain syndromes, but also in the management of brain tumors. With the 
development of CT scanning in the 1970s and of MRI scanning in the 1980s 
the use of stereotactic brain biopsy increasingly became widespread and was 
found to improve diagnostic yield of histological diagnosis with low morbid-
ity and mortality, even in deep seated and highly eloquent areas.

RATIONALE

The major indication for stereotactic biopsy of cerebral mass lesions, where 
the differential diagnosis is of brain tumor, is to obtain material for the pur-
pose of pathological diagnosis, and on occasion additionally to aspirate fl uid 
from a cyst or abscess cavity.

Improvements in stereotactic instrumentation have lead to a large number 
of satisfactory CT and MRI frame based systems being available commer-
cially which provide accuracy of target localisation, with simplicity of use and 
versatility in performing biopsy within the intracranial volume.

Despite improvements in imaging techniques, including introduction of 
PET scanning as well as MR techniques including sophisticated imaging of 
diffusion as well as MR spectroscopy, there remains a need to achieve a tissue 
diagnosis to inform the neurosurgeon and oncologist as to what is the precise 
tumor type and grade in a particular case. Where the mass lesion is likely to 
be due to infection laboratory studies will inform the decisions made by the 
specialist in infections diseases about choice of therapy.

Keywords: tumors, neurooncology, stereotactic biopsy, stereotaxy
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Nevertheless, the relative indications for stereotactic biopsy do change over 
time. For example, in the author’s experience increasingly more efforts are 
made to excise intrinsic brain tumors even in eloquent brain areas than before.

DECISION MAKING

1. DIAGNOSTIC CRITERIA AND INDICATIONS

1.1 Adults

Intrinsic brain tumors, either primary or secondary in adults may present 
with a wide range of symptoms, which however tend typically of one or more 
of: (i) epilepsy of late onset, (ii) focal neurological symptoms, for example 
hemiparesis or hemianopia, (iii) generalised neurological symptoms, for ex-
ample personality change or intellectual failure or (iv) with raised intracranial 
pressure, involving headache, vomiting and papilloedema with visual failure.

Because of the relative abundance of CT and MRI scanning facilities in the 
developed world most patients with one or more of these features will have a 
brain scan and a lesion will be diagnosed. In some environments infective le-
sions, like tuberculoma, remain common, and often the differential diagnosis 
of tumor will remain even after scanning. In specifi c risk groups, for example 
chronic ear disease, valvular heart disease, immunosuppression, or HIV in-
fection a predisposition to an infective brain lesion has to be considered.

In patients with a known primary malignant tumor not only single, but 
sometimes multiple, brain lesions may turn out not to be metastatic and brain 
biopsy has to be considered on an individual basis.

In general, if the patient’s general condition permits, and where excision 
appears not to threaten eloquent brain areas an open operation with craniot-
omy and tumor resection will be the preferred recommendation, rather than 
biopsy. However, the prognostic value of histopathology from stereotactic 
biopsy is well established [10].

In other cases, for example with a single presumed fi t associated with a 
low grade glioma the optimum management may require not only the most 
informed neurosurgical advice at a technical level about the degree of risk 
from surgery but also counselling of the patient about a “wait and see” man-
agement with appropriate serial brain scanning and follow up.

1.2 Children

Intrinsic brain tumors in children are most commonly found in the posterior 
fossa either in the cerebellum or brain stem. Generally, the neurosurgical 
treatment will involve resection, where possible totally. It is technically pos-
sible to biopsy brain stem lesions in infants and children and the diagnostic 
yield of altered diagnosis can be important [11]. In the relatively uncommon 
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supratentorial lesions in children stereotactic brain biopsy can be done; if 
necessary the infant skull can be reinforced with orthopaedic plaster if pin 
fi xation of the stereotactic frame is required.

2. MULTIDISCIPLINARY NEUROONCOLOGY TEAM

It is good practice except in unusual circumstances – for example emergency 
deterioration, that not only the neurosurgeon but other specialist colleagues 
including the neuroradiologist, neuropathologist, neurologist and neuro-on-
cologist have discussed a management plan of the case before a stereotactic 
biopsy is performed. This may be done best in weekly planning meetings but 
where this is not possible standard local protocols for management should be 
formulated and agreed.

The purpose of this is to optimise the opinion about the most likely diag-
nosis prior to surgery, and to agree what will be the post-operative plan of 
management which may include adjuvant treatment. At a technical level neu-
roradiology and neuropathology input will generally help the surgeon to de-
termine which specifi c areas of tumor are to be targeted.

SURGERY

The author will describe and illustrate the stereotactic brain biopsy technique 
using the Cosman–Roberts–Wells (CRW) Stereotactic System [9]. Although 
there are several other excellent systems available his experience is with this 
frame and the previous Brown–Roberts–Wells (BRW) system.

The CRW is a target centred arc design based on the Cartesian (anteropos-
terior, lateral and vertical movement) principle. The arc-radius design has the 
advantage of allowing an infi nite number of predetermined entry points, al-
lowing for a given target. There is also the capacity to approach multiple targets 
through the same entry point. In general, with stereotactic biopsy it is possible 
to biopsy, for example, the periphery and the centre, through the same entry 
point. It is also possible to adjust to avoid known hazardous areas, like, for 
example, by avoiding the Sylvian fi ssure by a lateral approach through the tem-
poral lobe rather than a transfrontal route for a medial temporal lesion.

1. INSTRUMENTATION

1.1 Head ring assembly

 The base ring consists of a base ring affi xed to the skull at four points (1) 
by four head ring posts through which, under local or general anaes-
thesia, are advanced four metal tipped head ring screws which are 
screwed in by hand with a screwdriver so as to pierce the scalp and 
fi x fi rmly on the outer table of the skull.
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 An alternative, non-invasively relocatable head ring system is the (2) 
G–T–C (Gill–Thomas–Cosman) unit, which is based for repeat lo-
cation on a dental mould of the patient’s upper teeth (or edentulous 
jaw). This permits accurate serial application of the head ring and 
can be employed for serial biopsy, if necessary with different imag-
ing modalities.

1.2 CT localising unit

This consists of six vertical and three diagonal carbon fi bre rods attached to 
two metal plates. Axial CT through the localising ring gives the two-dimen-
sional position of the nine fi ducial points which are used for calculation of an 
intracerebral target’s position in that plane (Fig. 1).

1.3 MRI localising unit

A similar construct of carbon fi bre rods, which generates fi ducials in the axi-
al plane, 6 in the sagittal plane and 7 in the coronal plane are used in MRI di-
rected biopsy.

1.4 CRW arc system

This metal arc attaches to the base ring and anteroposterior, lateral and verti-
cal co-ordinates are set, to a 0.1 mm precision. The distance from the upper 
surface of the guide block carrier to the centre of the arc is 160 mm so that a 
biopsy cannula set in the guideblock to this depth comes to the calculated 
target (Figs. 2, 3).

Fig. 1. Axial CT brain scans with the CT localiser unit in place. On the right side the 9 car-
bon fi bre rods, including the single large one, are visualised and digitised. On the left side 
two planned biopsy target sites in the occipital lesion have been digitised
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1.5 Phantom base

This consists of a phantom base ring with a movable phantom target (which 
can be sterilised), all fabricated of metal. This can be used to check the ac-
curacy of the setting of the CRW arc before it is applied to the base ring 
during surgery.

Fig. 3. A biopsy cannula is being advanced into the brain controlled by the guide block and 
through a twist drill opening in the skull

Fig. 2. The CRW arc has been applied to the head ring assembly, which is rigidly mounted 
on the head by fi xation screws, which are visible under the sterile drapes
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1.6 CRW software

Specialist software is provided to calculate the three dimensional target co-
ordinates from the two dimensional co-ordinates on the CT axial scan or 
from the axial, sagittal or coronal MRI Scans.

2. PATIENT PREPARATION

The procedure may be done under local anaesthetic, infi ltrated into the scalp at 
the sites where the skull fi xation and skull opening takes place, or alternatively 
under general anaesthetic. Either type of anaesthetic is satisfactory and the choice 
may often depend on patient preference, the neurosurgeon’s normal practice as 
well as the organisation of the operating schedule. Even when local anaesthesia 
is used a neuroanaesthetist should be present to assist with sedation if necessary 
or, as rarely needed, conversion of the procedure to a general anaesthetic.

Frequently, pre-operatively patients with presumed brain tumors await-
ing stereotactic brain biopsy will have been started on glucocorticoid steroids 
for cerebral oedema and also sometimes on anti-convulsant medication for 
epilepsy, and these drugs should be continued. If a brain abscess is suspected 
biopsy and aspiration before antibiotics have started probably increase the 
chances of identifying the causative organism in the laboratory. However, if 
the patient is in poor condition or there is to be any delay in operation it may 
be necessary to start antibiotics and steroids prior to biopsy.

3. APPLICATION OF BASE RING

Prior to application of the base ring it is essential to review the radiology and 
in particular to be sure that the base ring will lie below the lesion. However, 
it is also important not to overestimate and place the base ring so low that 
there is a risk of the arc snagging against the vault of the skull. It is also im-
portant at this stage to decide approximately where the entry point will be. 
Thus, for most frontal or parietal entry points a standard position of the head 
without rotation and with 15–20  of fl exion is usually suitable, with the base 
ring applied with the AP centre line of the ring itself in line with the nose and 
occiput, without tilt. However, with a lateral approach, for example, a right 
temporal entry, may well require some tilt down on the right. An occipital 
entry may be done best with the patient prone on the operating table and the 
anterior part of the base ring lined up with the occiput.

Whatever the adjustments made usually the base ring can be applied with 
the patient supine. It is important that there is rigid fi xation of the base ring 
to the skull and that is checked by the neurosurgeon lifting the head with one 
hand and with the other holding the base ring making sure there is no move-
ment. In cases of MRI directed biopsy it is also wise to check with a hand held 
magnet that non-magnetic pins have been used for fi xation. If the patient is 
under general anaesthetic the anaesthetist should be asked to confi rm there is 
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not an armoured endotracheal tube in use, because the metal contained in 
such a tube can deform the MRI Scan linearity.

4. DATA ACQUISITION

The patient is transferred to the CT or MRI scan, where the Localising Unit is 
attached to the base ring, and moved into position on the bed of the scanner. 
The localisers of the CRW stereotactic system have been designed to be scanner 
independent and it is not necessary to make a rigid connection between the base 
ring and the scanner. In discussion with the neuroradiologist it will be decided 
whether or not contrast enhancement is required to highlight features of the 
mass lesion to be biopsied as well as the position of blood vessels.

The accuracy of the localiser in determining target co-ordinates is directly 
related to scan slice thickness. Usually for CT directed biopsy slices of 1–5 mm 
thickness separated by 5 mm are adequate, but sometimes closer slice separa-
tion with reconstruction to help clarify lesion shape will be helpful.

In the case of MRI directed biopsy with this system scan data is usually 
obtained in the medium body mode, in axial, sagittal and coronal planes with 
T1 and T2 sequences. The scan points representing the fi ducials are digitised in 
2 dimensions using the CT or MRI can cursor. In the CT (Fig. 1) one of the 9 
carbon fi bre rods is larger than the other eight, and moving in a clockwise fash-
ion the other rods are digitised. The biopsy target, or more frequently multiple 
(typically 2–5) targets are digitised in a similar way (Fig. 1). In the MRI local-
iser in each plane one of the localising rods has a dense centre and localisation 
is done in sequence for the remaining rods.

5. DATA PROCESSING

The data entry of the CT or MRI Scan specifi ed fi ducials and target points, 
which is the form of 2 dimensional X and Y co-ordinates in the various scan 
planes, is entered into a pre-programmed computer (which may take the form 
of proprietary software in a laptop or PC, or a dedicated pre-programmed 
calculator): the calculations are made and a hard copy printed out.

6. THE BIOPSY PROCEDURE

   i)  The patient is transferred to the operating theatre and positioned as 
appropriate, usually supine with slight neck fl exion and 15° head up 
tilt of the operating table. Alternatively, as discussed, it may be ap-
propriate to position the patient in a lateral position or even prone, 
so that the biopsy entry site is uppermost.

  ii)  The next essential step is to fi x the stereotactic base ring by two 
tapered screws, which are part of the stereotactic system, to a stand-
ard Mayfi eld head holder adapter. Thus, the head can be fi xed rigid-
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ly in a comfortable position. In the prone position the two tapered 
screws are inserted on the anterior part of the base ring, and in the 
lateral position they are inserted into the appropriate lateral part 
of the base ring, on the side opposite to the proposed biopsy entry 
site. These arrangements permit rigid fi xation of the head.

The patient’s body, whether under local or general anaesthesia 
needs to be in a comfortable position on the operating theatre if 
necessary with knees and hips fl exed to some degree.

 iii)  The scalp is prepared and draped according to the usual method 
of the neurosurgeon. Also according to the practice of the surgeon 
hair may be shaved appropriately. The head and base ring may then 
be covered by a sterile transparent drape, supplemented by other 
surgical drapes as necessary to accommodate surgeon, assistant, 
scrub nurse as well as suction and diathermy, usually both bipolar 
and monopolar (Fig. 2).

 iv)  Usually the neurosurgeon will have had in mind, before com-
mencing the procedure, the probable route of the biopsy track. 
Thus, eloquent cortical areas such as the motor, speech, visual and 
sensory cortical areas should be avoided. It is also advisable to 
avoid crossing the Sylvian fi ssure with the biopsy track, because 
of the risk of bleeding. In general it is least invasive to stay within 
brain rather than crossing the deep sub-arachnoid spaces because 
of the risk of haemorrhage. Thus, the preferred route for the stere-
otactic biopsy of the brain stem is through an entry route just 
anterior to the coronal suture, close to the midline but not inter-
fering with the sagittal sinus or large veins draining into it. The 
biopsy cannula can then pass along a trajectory entirely through 
the brain to the brain stem without crossing the sub-arachnoid 
space, and avoiding possible obstruction by the tentorium at the 
tentorial hiatus.

In general it is possible to avoid entry sites in the forehead which 
has a cosmetic benefi t.

  v)  The opening in the skull may be made with a 2.5 mm diameter twist 
drill, a 6 mm twist drill or by a conventional burr. Each has its ad-
vantages and disadvantages.

The fi rst requires only a small scalp incision, however the dura 
is not visualised and occasionally signifi cant bleeding from pial 
vessels can occur. It is also diffi cult to alter the angle trajectory of 
the biopsy through the 2.5 mm opening in the skull and sometimes 
extension of the scalp incision and widening of the bony opening 
with rongeurs to allow angulation is necessary.

The second requires a relatively small scalp incision and the 
bony opening is large enough to allow the dura to be opened un-
der direct vision so that if necessary small veins or pial vessels may 
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be coagulated with bipolar diathermy. The bony opening is wide 
enough to allow angulation of the biopsy cannula to a moderate 
extent if necessary. It is also easier to use a rongeur, if required, to 
enlarge the 6 mm rather than the 2.5 mm bony opening.

The conventional burr hole requires a longer scalp incision but 
gives greater access to the dura and pial surface, as well as more 
fl exibility of trajectory without the need to use bone rongeurs. 
However, it leaves a slightly larger wound.

Overall the 6 mm twist drill opening will be suffi cient for most 
stereotactic biopsy procedures.

 vi)  The author uses for stereotactic brain biopsy of tumor the Sedan-
Nashold type of side-cutting biopsy needle (Fig. 4). This consists of 
two concentric metal tubes, closed at the distal end but with 10 mm 
long slots near the end. There is a Luer fi lling into which to attach 
a syringe to exert suction. This causes tumor tissue to be drawn 
into the lumen of the inner tube. Rotation of the inner tube inside 
the outer then guillotines off a core of tissue which constitutes the 
biopsy specimen.

There are several alternative types of stereotactic biopsy cannulae 
which have been devised. These are advanced down a hollow open 
ended biopsy needle. They include small rongeurs (Gildenberg) or 
hemispherical cups to bite small pieces of the tumor, as well as a small 
spiral coil (Backlund) to enter the tumor rather like a corkscrew so 
that fragments can be withdrawn. There are also cannulae, typically 
with an outer diameter of 2.5 mm, with a blunt ended trocar inside 
and a Luer fi tting at the proximal end to allow aspiration of cystic 
fl uid or brain abscess. Individual neurosurgeons will have individual 
preferences amongst these biopsy needles.

Fig. 4. Detail of the inner tube of the biopsy cannula (Sedan-Nashold) from which a biopsy 
core has been extracted and placed on moistened card
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Insulated cannulae, with an external diameter of 2 mm and an 
internal trocar which acts as an electrical conductor, are available 
for monopolar diathermy of the tumor if required.

In the case of the CRW system guide blocks which fi t accurately 
the stereotactic arc and which are drilled out to the diameter of the 
varying biopsy cannulae are used to fi x the depth always to 160 mm 
to the target from the upper surface of the guide block holder which 
is itself integral with the arc.

 vii) Biopsy samples
With the side cutting biopsy needle it is usually possible to ob-
tain 4 cores of tissue approximately 10 mm long and 1 mm diameter 
(Fig. 4). This is done by leaving the outer cannula in position while 
withdrawing the inner cannula and teasing the core of tissue out 
onto a moistened card or glass slide with a fi ne needle and saline ir-
rigation. The inner cannula can then be reinserted and the assembly 
of both cannulae rotated through 90  to obtain a second specimen 
at the same target in a similar way a third may be obtained at 180  
and fourth at 270  rotation in respect of the fi rst. This is the ideal 
situation, which is often achieved in fi rm tumors but in soft tumors 
the cores may be incomplete and maybe only one or two can be 
obtained at a given target site.

Usually, the experienced neurosurgeon will have a realistic opin-
ion as to whether the sample will prove to be diagnostic or not. In 
most cases samples will be taken in more than one target site, often 
3 to 4, seldom more than 7.

It is highly desirable that per-operative histopathological diag-
nosis by an experienced neuropathologist is available.

The samples are transferred immediately to the neuropathol-
ogy department and processed immediately, often by smear or 
touch preparations, and with a report within 30 minutes. If the 
neuropathologist reports that the sample is diagnostic and there 
is suffi cient material for defi nitive histology no more biopsies are 
needed for routine purposes. If the neuropathologist reports that 
the material is necrotic, or in some other way is unsatisfactory, and 
is not diagnostic further samples, usually from different targets, 
should be taken. If the neuropathologist fi nds defi nitely abnormal 
material, but without a defi nite diagnosis, usually the best course 
is to preserve the samples that have been taken and keep them for 
defi nitive histopathology and not take additional samples. In some 
cases the fi nal histopathology is inconclusive and a further second 
stereotactic biopsy may be necessary.

If pus is encountered and aspirated during stereotactic biopsy 
for tumor, which turns out to be in fact a brain abscess, it is manda-
tory that samples should go as urgently as possible to the microbi-
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ology department so that there is the optimum chance of establish-
ing culture and sensitivity (Fig. 5).

If clear or straw coloured cyst fl uid is found samples should also 
be sent for laboratory examination. If a large cyst is encountered 
this will normally have been predicted from the pre-operative ra-
diology and there will be a pre-planned neurosurgical strategy, for 
example to aspirate to the maximum extent, to implant a reservoir 
for future drainage, or alternatively to remove only diagnostic sam-
ples of cyst fl uid.

 viii)  Once the stereotactic biopsy samples have been taken and a per-
operative histological diagnosis made the scalp wound is closed 
routinely. Alternatively it may be decided not to await per-opera-
tive diagnostic histology and to close the wound and await the de-
fi nitive neuropathological result which is generally available within 
about 72 hours.

 ix)  Frameless stereotaxy as an alternative to frame based stereotactic 
biopsy
This is not strictly a stereotactic method in the classical sense and 
will be referred to only briefl y. It employs modern neuronaviga-
tion systems and can achieve good results in suitable cases (Fig. 6). 
The method has the advantage that such procedures can save op-
erative time because the required imaging dies not require a stereo-
tactic frame fi xed to the head and may be done pre-operatively 
[2, 7]. However, in the author’s opinion it is not as suitable for small 
deep lesions as are frame based methods using the MRI localiser 
(Fig. 7).

Fig. 5. Detail of CT scan target of what proved to be an infective granuloma and not a sus-
pected metastatic brain tumor
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Fig. 6. Target planning in axial, sagittal and coronal planes from MRI scan using neuronavi-
gation (“frameless stereotaxy”): the lesion was a glioblastoma

Fig. 7. Target planning in the MR scan coronal plane using the MRI localising unit by which 
the carbon fi bre rods generate 7 external fi ducials. The brainstem lesion was an abscess 
and not a tumor

 x) Post-operative care
There is a small risk of serious complications following stereotactic 
brain biopsy. These are principally the risk of intracerebral haemo r-
rhage, signifi cant neurological deterioration as a result of the biopsy, 
and epileptic fi ts. In the early post-operative period the patient should 
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be closely monitored in a high dependency area where experienced 
nurses regularly observe and chart the patient’s neurological respon-
siveness, as well as pulse, blood pressure and respiration. If the patient 
deteriorates a post-operative CT brain scan should be done to identify 
any haemorrhagic complication, which very rarely may require open 
neurosurgery for relief of a post-operative haematoma. Post-operative 
epilepsy may require additional medication, while increased cerebral 
oedema may require increased dexamethasone dosage or even elective 
ventilation with intracranial pressure monitoring.

Complications of stereotactic biopsy for brain tumor generally occur 
within 12–24 hours of surgery after which the patient should be stable.

7. HISTOPATHOLOGY METHODS

The biopsy samples are transferred directly to the Neuropathology Depart-
ment, in a Petri dish to prevent drying out by evaporation. For intraoperative 
diagnosis small samples are selected from the stereotactic biopsy core and 
smears on a glass slide are made and stained with 1% toluidine blue and/or 
hematoxylin and eosin. Samples are also fi xed in formalin and embedded in 
wax for conventional sectioning and usually are ready for defi nitive reporting 
in about 72 hours.

8. RESULTS

Clinical and neuropathological data from 419 stereotactic biopsies carried 
out from 1981 to 1989 at the National Hospitals were reviewed. There 
were 259 males and 160 females, with a mean age of 43.4 years (range 2–82 
years). Three patients died in the fi rst week (0.72%) and 24 (5.7%) within 
the fi rst month after biopsy, most of the latter with very aggressive tumors 
[3].

A tumor was diagnosed in 326 (77.8%) of cases.
A glial tumor was diagnosed in 273 (65.1%) and this 65.1% was composed 

of Low grade astrocytoma 22.2%, Grade 3 astrocytoma (16.2%), Grade 4 
(17.9%), Oligodendroglioma (5.7%), unclassifi ed (3.1%).

A total of 53 non-glial primary tumors and secondary tumors (12.6%) 
were diagnosed. These included medulloblastoma/PNET, pineal tumors, 
lymphoma and metastatic carcinoma and melanoma.

A diagnosis of non-neoplastic lesions was made in 62 cases (14.8%), and 
no specifi c diagnosis was made in 31 cases (7.4%).

In these 31 cases follow up, further biopsy or post-mortem examination 
indicated the diagnosis of glioma in 15, carcinoma in 3, non-neoplastic disease 
in 4, with uncertain outcome in 9.

A potential criticism of grading based on small stereotactic biopsies may 
be unrepresentative of the whole tumor. However, subsequent follow up of 
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the glial tumors in this series indicated that grading resulting from the small 
stereotactic biopsies correlated well with the clinical outcome and survival.

A series of brain stem lesions in which brain biopsy was carried out, in 
some cases where the leading pre-operative diagnoses were sometimes of hae-
matoma or abscess, has also been analysed.

In 72 cases of which 58 procedures were performed via a transcortical 
frontal trajectory and 14 via a transcerebellar sub-occipital route, and of 
which 61 were CT-guided and 11 MRI-guided adequate tissue for histologi-
cal diagnosis was obtained in 70 [6].

In 42 cases tumor was diagnosed (33 glioma, 2 lymphoma, 1 PNET, 6 Meta-
static carcinoma). Haematoma was found in 13 (3 with evidence of associated 
AVM/angioma), granuloma/abscess in 6, with other cases of demyelination (1), 
vasculitis (1), radiation necrosis (1), leuko-encephalopathy (1) and inconclusive 
fi ndings in 2. Overall in 14 (19%) the result of biopsy was unexpected and in 9 
(12%) subsequent management was changed as a result of biopsy.

9. OTHER LABORATORY TESTS

9.1 Tissue culture of stereotactic biopsy material

Typically stereotactic biopsy techniques provide only 10–15 mg of tumor tis-
sue, compared with 100 mg plus from open biopsy samples [9]. It is essential 
to handle the samples aseptically and to transfer them as soon as possible to a 
tissue culture medium which contains nutrients as well as pH buffering agents 
and antibiotics to reduce the risk of bacterial overgrowth of the cell cultures. 
If the tissue cannot be processed immediately it is stored at 4 C in the culture 
medium; the success rate for cultures processed immediately is similar to cul-
tures prepared within 24–48 hours. The cultures may be set up after enzy-
matic disaggregation or, by explant methods suitable for small biopsy samples 
[10]. Subsequently the cultures may be maintained or the cells may be frozen 
and then thawed for later studies.

Using contiguous stereotactic biopsies along a single stereotactic trajec-
tory, employing the relocatable CRW system (4.1 A2), it was possible to 
correlate the standard histological appearance with expression of the prolif-
eration associated antigen Ki-67 and to show that although there were often 
proliferating cells beyond the apparent edge on CT scan there were never any 
profi lerating cells outside the PET scan apparent boundary [8]. Proliferating 
cell nuclear antigen (PCNA) can provide similar information in fi xed paraffi n 
embedded samples. Tissue culture techniques have also been applied to test 
the apparent chemosensitivity in vitro of individual gliomas [11].

9.2 Molecular neuropathology

Increasingly it has become clear that certain observed changes in the pheno-
type of individual gliomas are of prognostic importance. Thus, in the case of 
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oligodendroglioma the deletion of 1 p 19 q is a favourable prognostic sign, 
and probably indicates relative chemosensitivity of such tumors [5].  In grade 
4 gliomas (glioblastoma) the silencing of the gene for MGPT also appears to 
be of prognostic importance in patients with glioblastoma treated after neu-
rosurgery with concomitant temozolamide and radiation and subsequent 
continued adjuvant temozolomide [3].

Such laboratory tests have entered clinical practice in neurooncology and 
it is probable that further similar laboratory tests based on molecular changes 
within particular brain tumor types will become increasingly important as 
part of diagnostic neuropathology [12]. In the context of stereotactic tumor 
biopsy it is important that potentially they can be “miniaturised” to deal with 
small samples.

HOW TO AVOID COMPLICATIONS

1. PROBLEMS WHICH MAY BE ENCOUNTERED WITH BIOPSY

Sometimes there will be bleeding from the biopsy site coming up the a) 
cannula and visible at the proximal end. If this occurs it is best to leave 
the cannula in position for a few minutes to allow free drainage, until 
bleeding ceases. Then the cannula can be removed and further biop-
sies should not be taken at that same target site.

 There may also sometimes be bleeding from the scalp when the fi xa-
tion pins are removed and the base ring is removed from the head. When 
this occurs the bleeding can be controlled by one or more scalp sutures.
Biopsy of wrong target can happen. Even though the stereotactic b) 
system has submillimetre accuracy it is possible by human error for 
mistakes about recording of the X and Y co-ordinates from the scan 
as well as to make wrong settings on the arc itself. The phantom is 
a check on such errors but the neurosurgeon in charge must double 
check each step of the procedure.
Unnoticed movement of the head ring during the procedure, if it is c) 
not securely fi xed has also the potential to cause errors in targeting.
Brainshift, particularly if the procedure is long can occur, particu-d) 
larly if the patient has cerebral atrophy or ventricular dilatation, when 
undue CSF leakage may occur.
The success rate of stereotactic brain biopsy is overall about 90–95% e) 
[10]. High grade malignant brain tumors are usually to achieve diag-
nosis unless there is widespread necrosis. Low grade brain tumors 
and non-neoplastic conditions may prove in some cases more diffi -
cult to verify. If the biopsy material on defi nitive neuropathological 
examination proves non-diagnostic the stereotactic procedure may be 
repeated at a later date.
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CONCLUSIONS

Stereotactic brain tumor biopsy has a high rate of diagnostic yield and, in le-
sions in which resection is not indicated because of the eloquence of the brain 
area involved or due to uncertainty of the differential diagnosis. It remains a 
fl exible diagnostic method with generally low morbidity. With technical de-
velopments, many of which depend on molecular biology, new laboratory 
diagnostic methods are evolving in neuropathology.

References

 [1] Darling JL (1993) Tissue culture of stereotactic biopsy material. In: Thomas DGT 
(ed) Stereotactic and image directed surgery of brain tumors. Churchill Living-
stone, London, pp 29-37

 [2] Dorward NL, Paleologos TS, Alberti O, Thomas DGT (2002) The advantages of 
frameless stereotatic biopsy over frame-based biopsy. Br J Neurosurg 16(2): 110-118

 [3] Hegi ME, Diserens AC, Gorlia T, Hamou MF, de Tribolet N, Weller M, Kros 
JM, Hainfeller JA, Mason W, Mariani L, Bromberg JE, Hau P, Mirimanoff RO, 
Cairncross JG, Janzer RC, Stupp R (2005) MGMT gene silencing and benefi t from 
temozolomide in glioblastoma. N Engl J Med 352: 997-1003

 [4] Horsley V, Clarke RH (1905) The structure and functions of the cerebellum exam-
ined by a new method. Brain 28(1): 1-98

 [5] Ino Y, Betensky RA, Zlatescu C, Sasaki H, Macdonald DR, Stemmer-Rachaminov 
AO, Ramsey DA, Caincross JG, Louis DN (2001) Molecular subtypes of ana-
plastic oligodendroglioma: implications for patient management at diagnosis. Clin 
Cancer Res 7: 839-845

 [6] Kratimenos GP, Thomas DGT (1993) The role of image-directed biopsy in the 
diagnosis and management of brainstem lesions. Br J Neurosurg 7: 155-164

 [7] Paleologos TS, Dorward NL, Wadley JP, Thomas DGT (2001) Clinical valida-
tion of true frameless stereotatic biopsy: analysis of the fi rst 125 consecutive cases. 
Neurosurgery 49(4): 830-835

 [8] Parkins CS, Darling JL, Gill SS, Wilson CB, Revesz T, Thomas DGT (1991) Cell 
profi leration in serial biopsies through human malignant brain tumors, measure-
ment using Ki–67 antibody labelling. Br J Neurosurg 5: 289-298

 [9] Pell MF, Thomas DGT (1994) Handbook of stereotaxy using the CRW apparatus. 
Williams & Wilkins, Baltimore, pp 1-240

[10] Revesz T, Scaravilli F (1993) Prognostic value of histopathology in stereotactic 
biopsy. In: Thomas DGT (ed) Stereotactic and image directed surgery of brain 
Tumors. Churchill Livingstone, London, pp 65-87



45

STEREOTACTIC BIOPSIES FOR TUMORS

[11] Roujeau T, Machado G, Garnett MR, Miquel C, Puget S, Geoerger B, Grill J, 
Boddaert N, Di Rocco F, Zerah M, Sainte-Rose C (2007-Jul) Stereotactic biopsy of 
diffuse pontine lesions in children. J Neurosurg 107(1 Suppl): 1-4

[12] Scrideli CA, Carlotti CG Jr, Okamoto OK, Andrade VS, Cortez MAA, Motta 
FJN, Lucio-Eterovic AK, Neder L, Rosenberg S, Oba-Shinjo SM, Marie SKN, 
Tone LG (2008) Gene expression profi le analysis of primary glioblastomas and 
non-neoplastic brain tissue: identifi cation of potential target genes by oligo-
nucleo tide microarray and real-time quantitative PCR. J Neurooncol 88: 281-291

[13] Spiegel EA, Wycis HT, Marks M, Lee AJ (1947) Stereotactic apparatus for opera-
tions on the human brain. Science 106: 349-350

[14] Thomas DGT, Darling JL, Watkins BA, Hine MC (1984) A simple method for 
growth of cell culture from small biopsies of brain tumors taken during CT-
directed stereotactic procedures. Acta Neurochir (Suppl) 33: 177-181



46

D. G. T. THOMAS

David G. T. Thomas

David G. T. Thomas was Head of the Division of Neurosurgery at the National 
Hospital for Neurology and Neurosurgery, London.

He was an undergraduate student at Cambridge University and at St Mary’s Hospi-
tal Medical School, London. He qualifi ed B.Chir, MRCS and LRCP in 1966. Following 
postgraduate training in general medicine and surgery he completed his neurosurgical 
training in the Institute of Neurological Sciences, Glasgow and was appointed in 1976 
as Senior Lecturer and Consultant Neurosurgeon at the Institute of Neurology and 
National Hospital. He established a basic science and clinical research program in ma-
lignant brain tumors and also participated in the technical development and evaluation 
of both CT and MRI directed stereotactic surgery, as well as in the subsequent evolu-
tion and application methods of neuronavigation. 

He is a member of the Society of British Neurological Surgeons (Honorary Secretary 
1996–2000), of the Royal Society of Medicine (President, Clinical Neurosciences Sec-
tion, 2001–2002), of the European Association of Neurosurgical Societies (Vice-President 
1987–1991), of the World Federation of Neurosurgical Societies (First Vice-President, 2001–
2005), and of the European Society for Stereotactic and Functional Neurosurgery (Presi-
dent, 1998–2002). He has also been the inaugural President of the British Neuro-oncology 
Society (2006–2007).



47

STEREOTACTIC BIOPSIES FOR TUMORS

He has published widely on image directed neurosurgery, as well as in neurooncol-
ogy and the fi eld of functional neurosurgery.

Contact: David G. T. Thomas, The National Hospital for Neurology & Neurosur-
gery, Private Consulting Rooms, Box 147, Queen Square, London WC1N 3BG, UK 
E-mail: marcel.yazbeck@uclh.nhs.uk



MANAGEMENT OF (MALIGNANT)
INTRACRANIAL GLIOMAS

E. R. LAWS

INTRODUCTION

Ever since removal of an intracranial astrocytoma diagnosed by neurologic 
localization in 1884, the management of malignant gliomas of the brain 
has represented a major challenge for neurosurgery. Malignant gliomas are 
the most common primary form of brain tumor. These diffi cult lesions ac-
count for a major problem and public health and in North America virtually 
everyone is acquainted with an individual or family member who has suffered 
from a primary brain tumor. New prevalence data indicate that the number of 
patients living with some form of brain tumor may be as high as 30 per 100,000 
in the United States [5]. Among the malignant gliomas, approximately 30% 
are low grade, with the remainder being anaplastic lesions, the most common 
of which is the glioblastoma multiforme [6, 11].

Although surgery has traditionally been the mainstay of therapy for diag-
nosis and for treatment, the results have remained rather poor. Important 
advances in neurologic imaging including ventriculography, angiography, 
CT and MRI scanning, and more sophisticated metabolic imaging methods 
have added to the accuracy of diagnosis and localization (Fig. 1).

A signifi cant advance occurred when it was recognized that radiation therapy 
improved the prognosis of patients operated on for these tumors, and radiation 
therapy has become a standard adjunct to treatment of malignant gliomas [3]. 
Many different strategies for utilizing chemotherapy in the adjunctive treatment 
of malignant gliomas have also been proposed, but few of these have led to major 
improvements in the outcome of our patients with this devastating disease [4, 8].

Research in the areas of molecular biology, stem cell biology, genomics, 
proteomics, and nanotechnology, all have provided hope that new therapies 
will be developed based on a clearer basic fund of knowledge regarding the 
pathogenesis of malignant gliomas. Translational research directed toward sig-
nal transduction and mechanisms of tumor cell invasion have also stimulated 
novel attempts at therapy [10].

Evidence that completeness of tumor resection and reduction in tumor 
cell burden can be accomplished using modern technology has encouraged 
strategies related to immunotherapy [9].

Keywords: neuro-oncology, gliomas, malignant gliomas



50

E. R. LAWS

RATIONALE

It has become increasingly clear that accurate classifi cation of gliomas of the 
brain is a major factor in determining prognosis and strategies for therapy 
[1, 11]. Histologic grading of these tumors has been accomplished in a system-
atic and widely accepted fashion resulting in the 2007 WHO guidelines [6]. 
The discussion will concentrate on the most common of these tumors: malig-
nant astrocytomas of grade 3 and grade 4, the latter being recognized as glio-
blastoma. It has also been recognized that oligodendroglial component of 
high-grade gliomas can vary signifi cantly and can also guide treatment and alter 
prognosis.

The less common grade 1 gliomas, extensively subclassifi ed, ordinarily oc-
cur in children and young adults. The prognosis for these tumors is generally 
favorable and the treatment strategies refl ect this fact and are quite different 
from those utilized in malignant gliomas. They will not be further discussed 
in this chapter.

It is important to recognize, however, that age of the patient is perhaps the 
most powerful indicator of prognosis, even in malignant gliomas [5]. Patients 
under 40 years of age generally have a more favorable prognosis than older 
patients even if they harbor lesions that are relatively high-grade. Conversely, 
patients over 65 years of age have a very poor prognosis even if they have 
tumors classifi ed as grade 3 or anaplastic lesions [5].

The location of malignant gliomas in the supratentorial compartment gen-
erally follows the volume distribution of the different lobes of the brain. The 
majority of these lesions arise in the white matter of the frontal and temporal 

Fig. 1. Axial MRI – glioblastoma
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lobes. A defi ning characteristic of the malignant glioma is its ability to infi l-
trate through the brain, preferentially utilizing white matter pathways. This 
infi ltrative nature of most malignant gliomas makes total resection using stan-
dard surgical means a diffi cult goal to accomplish. This is particularly true in 
the so-called eloquent areas of the brain where radical resection may produce 
unacceptable postoperative neurologic defi cits.

DECISION-MAKING

The primary factors in decision-making with regard to recommendations for 
nature and aggressiveness of therapy depend in large part upon the clinical 
presentation of patients with malignant gliomas [4]. Some patients will pres-
ent with seizures, some with incidentally discovered intracranial lesions, 
some with progressive neurologic defi cit, and some with severe signs and 
symptoms of increasing intracranial pressure.

In most cases an important goal of surgical management is to obtain a rep-
resentative tissue sample for accurate biopsy diagnosis and classifi cation. In 
patients with relatively little in the way of symptoms and signs, and without 
increased intracranial pressure, this can be accomplished using stereotactic 
surgery with image guidance to direct the biopsy to the most likely area to 
provide such a diagnosis. Further therapy can then be directed based on the 
information from the biopsy.

In the majority of patients who present with progressive neurologic defi -
cits or with signs and symptoms of increased intracranial pressure, a more 
extensive resection is usually recommended whenever this is possible. In ad-
dition to fulfi lling the goal of establishing a clear histologic diagnosis, resec-
tive surgery decreases the tumor burden, decompresses the normal brain with 
the potential of restoring lost function, and may eliminate an irritative seizure 
focus. In patients where the diagnosis is a high grade tumor or glioblastoma, 
there is emerging evidence that completeness of resection leads to improved 
control of disease, delay in recurrence and better outcomes, including the 
quality of life [9].

Because surgery alone rarely results in the cure of a malignant glioma, 
once the histologic diagnosis is secure, plans need to be made for adjunctive 
therapy. Current consensus includes the use of postoperative fractionated ra-
diation therapy to a total tumor dose of 58–60 Gray, with a focal boost to the 
resection cavity and a margin of at least 2 cm around the periphery. In 2008 
there is no convincing evidence that brachytherapy for the implantation of 
radiation sources provides signifi cant benefi ts either in survival or/and qual-
ity of life. It is fair to say that the use of stereotactic radiosurgery for patients 
with malignant gliomas remains controversial as well.

There have been signifi cant advances in adjunctive therapy based upon 
advances in molecular biology. The well tolerated, orally administered, che-
motherapeutic agent Temodar has become a standard adjunct to therapy for 
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glioblastomas, providing meaningful improvement in longevity and quality 
of life [10]. The recognition that methyl ation of MGMT, a DNA repair en-
zyme, potentiates the tumoricidal effect of Temodal has become important in 
determining strategies for the use of this agent. There is continuing enthusi-
asm regarding the use of anti-angiogenesis agents such as Avastin, particu-
larly in the management of recurrent high-grade gliomas.

Molecular diagnosis has been applied to anaplastic oligodendrogliomas  
and to malignant gliomas with an oligo component. Analysis for deletions of 
1p and 19q helps to guide chemotherapy strategies and signifi cantly infl u-
ences prognosis. Other commonly utilized molecular markers include deter-
mination of P53 tumor suppressor status and proliferation index as measured 
by Ki-67.

Once a malignant glioma has recurred or has failed standard therapy, there 
are a variety of clinical trials based on translational research which may lead to 
new directions in the successful management of malignant gliomas. These in-
clude efforts to utilize immunotherapy in the form of interleukins, interferons, 
and vaccination strategies. Gene therapy and stem cell based therapies are un-
der continued investigation, as are strategies to interfere with the mechanisms 
of tumor cell invasion.

SURGERY

In consideration of the initial surgical strategies, including those of obtaining a 
stereo tactic biopsy, the basic principles are relatively clear. A variety of image-
based computer technologies are available. Usually they are based on MRI 
fi ndings, but can also be enhanced by using PET. The imaging characteristics of 
the lesion determine the target point of the biopsy, and the trajectory can be 
designed to avoid possible damage to important neural structures en passage.

The majority of operations for malignant glioma are done using a crani-
otomy approach. Whenever possible, the goal should be radical removal of 
the tumor. Careful assessment of the preoperative imaging studies is essential. 
If there is concern regarding proximity of the tumor to eloquent areas of cor-
tex, then functional MRI imaging may be of great use in determining possible 
displacement of important areas of the brain. If there is concern about the 
inherent vascularity of the tumor or involvement by tumor of important 
blood vessels then cerebral angiography may be an important adjunct. Com-
puter-based image guidance can be used to delineate an optimal trajectory for 
removal of lesion with preservation of normal brain. This technique may also 
help one determine the optimal size and position of the craniotomy. Standard 
equipment for craniotomy for malignant glioma is listed in Table 1.

A number of methods can be utilized in order to obtain a maximum tumor 
resection. These include electrophysiological monitoring for determination 
of motor and sensory cortex, the use of motor evoked potentials for the same 
purpose, and if language and speech are in jeopardy, the use of techniques 
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involving an awake craniotomy [7]. Because of the potential for brain shift 
once a craniotomy has been performed and resection has begun, the use of 
intraoperative MRI techniques may be helpful in obtaining a thorough resec-
tion and in the detection of areas of tumor that might have been missed using 
standard techniques.

In the relatively unusual situation of a pseudo-encapsulated malignant 
glioma, a careful microsurgical attempt at an extracapsular resection is an 
excellent strategy. In the more common situation of an  invasive mass with-
out distinct borders, a maximum debulking of obvious tumor should be 
accomplished, along with an attempt to remove the brain immediately adja-
cent to the tumor where infi ltration by tumor cells can be assumed to be 
present. Using a trans-sulcal approach to expose the periphery of the tumor 
and to preserve adjacent normal brain may also increase the chances for a 
maximal resection, particularly in deep seated lesions. A safe biopsy of the 
margin of the tumor may be useful in assuring completeness of resection 
and in providing tissue for study of phenomenon of tumor cell infi ltration. 
Once the resection is complete, immaculate hemostasis must be obtained, 
and a careful and watertight dural closure is desirable. Careful attention 
should also be directed to an anatomical reconstruction of the scalp, as the 
health and integrity of the scalp must be maintained during the anticipated 
postoperative radiation therapy.

It is customary to utilize dexamethasone in the perioperative period. This 
agent is usually given as a 10-mg loading dose and maintained at 4 mg every 6 
h through the time needed for recovery from the craniotomy. It is also cus-
tomary to utilize low dose Decadron therapy of during the course of radia-
tion treatments, and whenever there is a signifi cant amount of cerebral edema 
associated with the tumor.  Ordinarily, broad-spectrum antibiotics are admin-
istered during the time of the operative procedure only. It is important to 
utilize precautions against deep venous thrombosis as this complication is 
relatively common in patients undergoing surgery for malignant gliomas. 
Rapid mobilization of the patient is desirable when appropriate. If the patient 
presented with seizures, then there is some rationale for the use of postopera-
tive anticonvulsants. At the present time, however, the routine use of postop-
erative anticonvulsants in the absence of seizures is not recommended.

Table 1. Equipment for craniotomy for malignant glioma

Three-point fi xation head holder
Computerized image-guidance (neuronavigation) system; ultrasonic imaging*
Operating microscope
Bipolar cautery
Ultrasonic aspirator*
Electrophysiological monitoring*
Intraoperative imaging; intraoperative MRI*

*Desirable, but not essential in all cases
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An analysis of the long-term results from the Glioma Outcome Study of 
more than 500 patients treated for malignant gliomas by surgery, usually fol-
lowed by adjunctive therapy, revealed a median survival of 40.9 weeks for pa-
tients with glioblastomas [5]. The fi gures for survival in patients with grade 3 
gliomas were much more favorable with a 58% survival rate at 104 weeks post-
operatively. Survival at 24 months was 11% for glioblastomas. An attempt was 
made in the study to evaluate the quality of life, which remained quite satisfac-
tory for the surviving fraction of patients up until a short period of time before 
their demise. It was noteworthy that there was a rather high incidence of de-
pression among these patients which often was not specifi cally treated.

Complications encountered in surgery for gliomas are those of cranioto-
my in general. They include postoperative hematoma, intra cerebral, subdural, 
and epidural; infection in the form of meningitis, cerebritis, subdural and epi-
dural infection, and wound infection. Fortunately these complications are 
relatively rare, and they usually respond well to appropriate therapeutic cor-
rection. New neurological defi cits as a result of surgical intervention occur 
rarely, in approximately 3% of patients. New-onset seizures are also an un-
common complication of resective surgery for malignant gliomas.

At the present time the major goals of surgery for malignant gliomas include 
the following: defi nitive histologic diagnosis and grading; maximal tumor re-
section, decreasing the tumor burden; reversal of progressive neurologic defi -
cits; relief of increased intracranial pressure; reduction or elimination of the 
potential for seizures; and, the obtaining of tissue for scientifi c analysis result-
ing in new concepts of pathogenesis, therapy and optimal management.

HOW TO AVOID COMPLICATIONS

A thorough preoperative assessment including a detailed neurologic exami-
nation and exhaustive imaging studies, anatomic, functional and metabolic, 
provide a sound basis for the indications for surgery, and also for the surgical 
strategies to be employed. The patient’s general physical and neurological sta-
tus should be optimized, including, if necessary, the management of increased 
intracranial pressure. The patient’s coagulation status should be carefully as-
sessed and use of aspirin-containing drugs discontinued prior to surgery if at 
all possible. Precautions should be taken against deep venous thrombosis. 
 Intraoperative prophylactic broad-spectrum antibiotics should be given, and 
appropriate anticonvulsants should be given in those patients who present 
with a seizure disorder as part of their symptom complex.

Positioning of the patient during surgery can be extremely important. The 
head should be carefully fi xed in a position that allows full access to the op-
erative fi eld. It is often useful to elevate the thorax 20–30º in order to decrease 
venous pressure. Careful padding of the extremities, avoidance of unneces-
sary rotation of the head on the neck, and the use of compression boots for 
the calves are important details.
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With the assistance of the image guidance, careful attention should be given 
to the placement and the technical performance of the skin incision, done in a 
way to produce the best possible exposure of the surgical fi eld and to assure the 
best possible postoperative healing of the wound. The elevation and replace-
ment of the bone fl ap should be done with great care. The same is true of the 
dural opening and of a watertight dural closure. During the operative proce-
dure every attempt should be made to preserve cortical veins draining toward 
the major sinuses, and to avoid inadvertent damage to the arterial circulation of 
the brain. During the course of the operation careful microsurgical technique 
should be employed, assuring maximal resection and perfect hemostasis.

CONCLUSIONS

1. HIGH-GRADE GLIOMAS

Successful management of malignant gliomas of the brain involves a concerted 
multidisciplinary effort. Careful consideration of the indications for surgery, 
for the selection of the surgical strategy in the technical approach, and philo-
sophical considerations relative to the extent of resection all play a major role in 
the ultimate outcome for the patient. Surgery is essential for providing the cor-
rect diagnosis and for removing as much as possible of the offending lesion. 
Carefully designed and executed radiation therapy remains an integral part of 
the overall management of a patient with a malignant glioma. Scientifi cally de-
signed adjunctive therapy using results of translational research studies is the 
best hope for a fi nal solution to this challenging problem.

2. LOW-GRADE GLIOMAS

Although the same basic principles utilized for the management of malignant 
gliomas apply to low-grade tumors as well, decision-making for low-grade 
gliomas can be problematic [2, 4]. Many patients with low-grade tumors 
present with little or no neurologic defi cit, a mild seizure disorder, and no 
evidence of increased intracranial pressure. Also, most of these tumors are 
infi ltrative, hypointense on imaging, and do not present a clear target either 
for stereotactic biopsy or for surgical resection. For those reasons, in some 
cases it may be acceptable to follow the patient carefully with repeated imag-
ing studies and possibly with metabolic imaging as well. When a low-grade 
glioma is confi rmed by biopsy or is resected because of its favorable position 
or its effect on the patient’s neurologic status, the role of postoperative radia-
tion therapy remains somewhat controversial. The best prospective studies 
would indicate that radiation therapy delays time to progression of the tumor 
from a low-grade lesion to a high-grade lesion, but does not provide a sig-
nifi cant survival advantage of the patient.
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INTRODUCTION

The central nervous system (CNS) may be affected by a lymphoma in many 
circumstances (Table 1). Lymphomas are divided into Hodgkin’s lymphoma 
and non-Hodgkin’s lymphoma (NHL) with a primary extranodal presenta-
tion in 5% and 30% of the cases. Extranodal NHL may develop in the gas-
trointestinal tract, skin, bone, upper respiratory tract, thyroid, breast, testis 
or CNS. Primary central nervous system lymphoma (PCNSL) is an extra-
nodal lymphoma accounting for 1% to 2% of extranodal NHL, occurring in 
the brain, leptomeninges, spinal cord, or eyes and remaining  confi ned to the 
CNS. Regardless of their origin, CNS lymphomas are no longer the curiosi-
ties they were in decades past and provide multiple challenges to physicians.

Virtually every type of lymphoma can be observed in two situations con-
sidering the immune status of patients (i.e. immuno-competent or immuno-
suppressed) [3].

Immunodefi ciency, either congenital or acquired (organ transplant-relat-
ed, acquired immune defi ciency syndrome-related or therapeutic), is the only 
established risk factor for PCNSL.

In immunosuppressed patients the role of the Epstein-Barr virus is com-
monly admitted. Pathogenesis of PCNSL is unclear and many hypotheses 
have been formulated. One of the most speculative is the ability for sub-
ependymal stem cells to rise in haematological cells. This theory can explain 
the frequent periventricular localisation of CNS lymphoma. However, sub-
stances leading to such a differentiation have to be identifi ed.

The incidence rate of brain lymphoma has increased from 2.5 cases per 
10 million habitants in 1973 to 30 per 10 million in 1992. This increasing fre-
quency of PCNSL goes beyond what may be attributed to improvements in 
diagnostic tools, exceeds the increasing frequency of systemic NHL, cannot 
be explained by time trends in nosology, known high-risk groups, or the in-
creasing incidence rate of brain tumors, and is independent of age and gender 
(review in [11]).

Since 10 years the annual incidence is quite stable. The advent of highly 
active antiretroviral therapy (HAART) is closely related to the stabilization 
of the annual incidence of PCNSL. Using specialized brain tumors registries, 
annual incidence of PCNSL is about 0.5 to 0.8 per 100,000  habitants.

Keywords: neuro-oncology, lymphoma, brain surgery



60

H. LOISEAU

RATIONALE

1.  PRIMARY CENTRAL NERVOUS SYSTEM LYMPHOMA 
(PCNSL) [2, 6, 8, 11]

The fi rst description of PCSNL was given by Bailey in 1929. These tumors 
were once assumed to arise from the reticuloendothelial system of the brain, 
namely from reticular or microglial cells. The presence of histiocytes, lym-
phocytes and plasma cells was regarded as a reactive phenomenon. In 1974, 
Henry and co-workers noted the resemblance with systemic lymphoma and 
proposed that the term ‘primary central nervous system lymphoma’ be used 
to replace all the existing synonyms. Subsequent studies have confi rmed that 
PCNSL have morphological and immunophenotypic features similar to those 
observed in nodal and extranodal NHL. PCNSL are usually high grade, and 

Table 1. Estimated frequency of CNS involvement according to lymphoma types and anato-
mo-radiological forms

Lymphoma type Associated anatomo-radiological forms Comments

 Intraparenchymal 
expansive mass

Lepto-Meningeal 
involvement

 

Hodgkin’s lymphoma Young adults or childs
 Primary <20 reported cases 1 reported case Intraparenchymal
 Secondary 0.02 to 0.5% 0.2 to 15% Meningioma-like

Meningeal 

Non Hodgkin’s lymphoma
 Primary 75 to 85% <10% Inaugural: 1%
 Secondary <10% 5 to 30% CNS relapse 2 to 5%

Marginal zone 
lymphoma 

Meningioma-like Low-grade lymphoma

Female predilection
Staging procedure 

Primitive Intra-Ocular 
Lymphoma

50 to 80% 20% asymptomatic 
lesion in PCNSL

Mycosis 
Fungoides

40 reported cases 10% Occurring with 
advanced disease

Lymphomatoid 27% 25% Very rare disease
granulomatosis Few reported cases

Multiple punctate 
enhancing foci

4th to 6th decade 
of age

Intravascular 
lymphoma

  <0.1/100,000
sub-acute 
 encephalopathy 
multifocal 
cerebrovascular events
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no correlation between histological types and clinical or radiological patterns 
has been demonstrated.

PCNSL arises within and is restricted to the CNS. Some authors believe 
that this defi nition should further include the qualifi cation ‘at presentation’ 
and that there should be no evidence of disease elsewhere than in the CNS 
with the exception of the vitreous and retina. The latter proposals provide the 
basis for nosologic and therapeutic debates.

1.1 Clinical forms

PCNSL in immunocompetent patients usually arises during the sixth decade. 
Peak of incidence is between 60 and 70 years of age. A male:female ratio of 
approximately 1.5:1 is widely reported. The delay between onset of symp-
toms and diagnosis is around 2 or 3 months.

Fig. 1. Typical pattern: homogeneous periventricular enhancement on T1-weighted se-
quences after IV Gadolinium infusion
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Intracerebral parenchymal localization. This is the most common picture, 
observed in more than 75% of cases. At the onset clinical signs are non-
specifi c and evolution is consistent with an intracerebral expanding mass: 
neurological defi cit more  frequently than epileptic seizure or intracranial hy-
pertension. Cases with exceptional clinical aspects have been published.

Both CT-scanning and MRI typically show solitary or multiple well-
defi ned rounded lesions of large volume involving the corpus callo sum and 
central grey nuclei. Roughly 90% of these lesions are spontaneously isodense 
or mildly hyperdense with homogeneous enhancement after contrast infu-
sion (Fig. 1). In immunocompetent patients, a ring-enhanced aspect is ob-
served in less than 10% of the cases and peritumoral oedema is mild. Frontal 
and parietal  localizations are observed more frequently than other ones. 
 Multiple localizations have been found in from none to half of cases. In less 
than 10% of cases a unique round lesion is observed which massively en-
hances after contrast infusion and which may be diffi cult to distinguish from 
a meningioma (Fig. 2).

Meningo-encephalic form. It is thought that, in this form, invasion of the 
brain occurs through the Virchow-Robin spaces (Fig. 3). Memory impair-
ment, altered mental status, and personality changes are the most frequently 
observed symptoms. These nonspecifi c symptoms frequently have an acute 
onset. On radiological examinations, there is an aspect of subependymal infi l-
tration with a small iso- or hypodense lining of the ventricular walls that is 
dramatically enhanced after contrast infusion. In most cases, parenchymal 
nodules adjacent to the ventricles are associated. Localizations of these tu-
moral nodules are closely similar to those observed in the intracerebral form 

Fig. 2. Frontal homogeneous mass presenting as a meningioma (T1-weighted sequences 
after IV Gadolinium infusion)
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of the disease. Subependymal infi ltrates are found in about one half or one 
third of the cases. Meningeal involvement is observed in less than 20% of the 
cases. Ventricular-wall lining associated with intraparenchymal nodules 
strongly suggests a  lymphomatous origin, but these aspects may be observed 
in both primary and secondary lymphomas.

Purely meningeal involvement. Described in 1991, this entity accounts 
for less than 10% of PCNSL. Clinical signs are those of carcinomatous men-
ingitis, associating headaches, meningismus, and involvement of cranial nerves 
or spinal roots. Clinically isolated spinal involvement such as paraplegia or 
radicular palsies may be observed. CT-scan and MRI are negative. Cerebro-
spinal fl uid (CSF) examination shows malignant or monoclonal “normal” 
lymphocytes in half of the cases. A careful search must be conducted to rule 
out secondary lymphoma.

Spinal lymphoma. Spinal cord localizations of lymphomas are extremely 
rare, accounting for less than 1% of PCNSL. The lower cervical and upper 
thoracic segments of the cord are predominantly involved. Spinal cord locali-
zation is more common when lymphoma recurs, in which case it is usually 
associated with a meningeal extension. The primary spinal form must be dis-
tinguished from epidural localization with intradural extension of secondary 
lymphomas.

Rare clinical forms. Diffusely infi ltrating hemispheric lymphoma without 
mass effect or contrast enhancement is observed in about 10% of PCNSL. It 
is considered as a differential diagnosis for infi ltrating astrocytoma and pro-
gressive multifocal leuko-encephalopathy, among others.

At last, rare cases of gyriform enhancing lesion with extensive white mat-
ter edema have been described but in most cases they occurred in immuno-
compromised patients.

Fig. 3. Diffuse periventricular enhancement on T1-weighted sequences after IV Gadolinium 
infusion
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1.2 Prognostic factors

Identifi cation of prognostic factors in PCNSL is diffi cult due to the rarity of 
this disease. Five prognostic factors are usually considered: age at diagnosis, 
performance status (using Karnofsky’s index subdivided in two categories i.e. 
< 60 and ≥ 60), serum lactate dehydrogenase level, CSF protein concentration, 
and the involvement of deep structures of the brain (periventricular regions, 
basal ganglia, brainstem, and/or cerebellum). The combination of that 
 prognostic factors has allowed to develop a prognostic scoring system that 
distinguishes three different risk group based on the presence of 0–1, 2–3, 4–5 
unfavourable features [5]. The 2-year overall survival was respectively 80%, 
48% and 15%.

The identifi cation of biomarkers of prognosis remains a high priority in 
current PCNSL research. Overexpression of BCL-6 seems to be a promising 
one.

1.3 Histopathological data

The majority of PCNSL are high-grade B-cell tumors, low-grade B-cell va-
rieties being relatively rare. Some of the high-grade B-cell PCNSL can be 
classifi ed as immunoblastic, centroblastic or Burkitt-like, but the predomi-
nant type is a polymorphous high-grade B-cell lymphoma.

PCNSL with a T-cell origin are rare but are being recognized with in-
creasing frequency. Incidence of T-cell lymphoma is higher in Japan and in 
Korea than in Western countries. Care should be taken to distinguish them 
from certain T-cell rich, B-cell lymphomas.

Under light microscopic examination, angiocentricity is a characteristic 
feature of PCNSL; it is associated with an infi ltration of the vascular walls by 
lymphomatous cells, and with a laminar distribution of reticulin fi bers. 
 Single-cell necrosis or patchy necrosis is common. However, large areas of 
necrosis which is a conspicuous feature of AIDS-related PCNSL is uncom-
mon in immunocompetent patients.

Immunohistochemistry and molecular biology. The B-cell origin of most 
PCNSL is confi rmed by a positive immunohistochemical staining with pan-B 
markers such as CD19, CD20 and CD79a.

T-cell markers can confi rm the T-cell origin of some PCNSL. Moreover, 
these T-cell markers may often show an admixed population of small reactive 
T cells within B-cell lymphomas. Proliferative activity in PCNSL is generally 
high with Ki-67/MIB-1 labelling indices of 50–70%.

Except in a few particular cases, ultrastructural study is not very informa-
tive in the diagnosis of PCNSL.

Pitfalls. The distinction between PCNSL and chronic inflammatory  
 lesions may be difficult in certain cases of well-differentiated lymphoma 
or in cases of lymphomatous proliferation hidden by dense inflamma _ 
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tory infiltrates composed of small mature lymphocytes, often of T-cell 
 origin.

Genotypic analysis is useful in establishing the monoclonal nature of a 
B-cell proliferation by fi nding rearrangements of heavy and light chain im-
munoglobulin genes. Similarly, the monoclonal nature of a T-cell prolif-
eration can be confi rmed by T-cell receptor gene  rearrangement.

2. CNS LYMPHOMA IN IMMUNOCOMPROMISED PATIENTS

An association with congenital or iatrogenic immunosuppression and PC-
NSL has long been recognized. Extensive lists of predisposing diseases are 
provided in recent textbooks.

Among these situations, the most intriguing is that of AIDS patients. His-
tologically, these tumors are high-grade B-cell neoplasms. With the introduc-
tion of HAART, the proportion of AIDS-patients with CD4+ cell counts less 
than 50/μL has drastically reduced as well as CNS lymphoma.

Median age at diagnosis is younger than in immunocompetent patients. 
Median diagnostic time is about 2 months. Clinical fi ndings are unspecifi c, 
but B symptoms and seizures are observed more frequently than in immuno-
competent patients. Clinical status is most frequently worse.

Comparing with immunocompetent patients, small lesions are seen more 
often, the corpus callosum is rarely involved, before contrast infusion, le-
sions are frequently hypodense and after contrast infusion, ring enhance-
ment is observed in about 50% of the cases. Ill-defi ned edema associated 
with diffuse gyral enhancement is quite specifi c.

Prognosis is dismal and most patients survive less than 3 months. Infec-
tion rather than uncontrolled CNS lymphoma is the most common cause of 
death. One of the most important prognostic factors is a previous history of 
opportunistic infection.

Treatment schedules are tailored to the individual status. Chemotherapy 
is tolerated with diffi culty. Radiation therapy alone is frequently the sole 
alternative.

DECISION-MAKING

Diagnosis of CNS lymphoma is a stepwise process. Establishing an exact di-
agnosis is an absolute prerequisite before starting chemotherapy or radiation 
therapy.

1. DIAGNOSIS ASSESSMENT FIRST PART OR IT IS A LYMPHOMA?

Differential diagnosis with other neurological diseases is very academic. 
Age at onset, clinical patterns and radiological fi ndings are quite distinct. In 
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cases that raise a problem of differential diagnosis, histological analysis of a 
biopsy specimen reliably distinguishes among the alternatives. The princi-
pal speculations involve AIDS patients, steroid-sensitive diseases and diffi -
culties in substantiating histologic diagnosis.

AIDS patients• 
Progressive multifocal leukoencephalopathy, fungal or bacterial abscess, 
infarction and haemorrhage can present as focal lesions in AIDS patients. 
However, the main differential diagnosis is toxoplasmosis. Cerebral biopsy 
is performed when empiric treatment for toxoplasmosis does not lead to 
clinical improvement.
Steroid-sensitive disease• 
Sarcoidosis. CNS involvement is observed in 5% of patients who have 

sarcoidosis. However, young patients of Afro-Caribbean origin are the 
 exposed population. Radiological features include meningeal enhancing mass, 
involvement of the hypothalamic and hypophyseal regions, periventricular 
and multifocal white matter lesions. Intracranial and intraspinal sarcoid mass 
lesions are known to be sensitive to steroids. At last, less than 30 cases of 
neurosarcoidosis without evidence of systemic disease have been reported.

Acute disseminated encephalomyelitis. This disease is monophasic with an 
acute onset and spontaneous improvement is the rule. MRI shows large en-
hancing periventricular lesions of heterogeneous aspect. Clinical improve-
ment is associated with the disappearance of radiological enhancement that 
may confound the diagnosis when steroids are administered.

Multiple sclerosis. This disease occurs earlier in life than CNS lymphoma. 
A waxing and waning course is the rule. Radiologically, lesions of different 
ages are observed in the white matter. In “large plaque” forms, the differential 
diagnosis with PCNSL may be considered because there is an obvious steroid 
sensitivity.

Diffi culties in substantiating histologic diagnosis• 
Subacute and chronic infections. As a result of its protean clinical manifes-

tations and abnormal CSF, CNS lymphoma must be differentiated from some 
infectious diseases as Lyme neuroborreliosis, tuberculosis or neurosyphilis. 
Serologies are helpful.

Others. Biopsy is sometimes quite diffi cult to perform according to lo-
calisation (i.e. cavernous sinus, brain stem).

2. DIAGNOSIS ASSESSMENT SECOND PART OR HOW TO CONFIRM DIAGNOSIS?

Cerebral biopsy• 
 Sometimes obtained during surgical removal of a meningioma-like lym-
phoma, cerebral biopsies are mainly obtained using stereotaxic procedure. 
Histological assessment, immunophenotyping and classifi cation are held 
to be highly reliable, even in small stereotaxic biopsies (correct diagnosis is 
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 obtained in about 95.6% of cases). The mortality and morbidity of stereo-
taxic biopsy in CNS lymphoma is not known to differ from those  observed 
in other brain tumors. If steroids have been administered, obtaining a 
CT-scan or MRI just before surgery may be useful.
Cytology of the cerebral spinal fl uid (CSF)• 
 Only abnormal monoclonal lymphocytic proliferation or activated lym-
phocytes have diagnostic value. Flow cytometry seems to be more sensi-
tive than routine cytology to assay for occult leptomeningeal lymphoma. 
Increased cell count is observed in a wide range, from 0% to 70% of the 
cases and the required features were observed in highly variable rates, from 
0% to 50% of the patients.
Vitrectomy and retinal biopsy• 
 Vitrectomy and choroidal biopsy have been used for diagnosis in patients 
with ocular manifestations. In addition to vitrectomy, chorioretinal biopsy 
sampling or fi ne-needle aspiration of a subretinal lesion may be performed. 
Pathological examinations require special attention (contributory in only 
20% to 50% of the patients who have ocular lymphoma).

3. DIAGNOSIS ASSESSMENT THIRD PART OR IT IS A PRIMARY CNS LYMPHOMA?

Differentiating primary and secondary lymphomas is of paramount im-
portance in terms of prognosis and management. According to the admit-
ted defi nition (i.e. PCNSL remains confi ned to the CNS) the discovery of 
extra-CNS localization indicates a systemic lymphoma with cerebral me-
tastasis (i.e. systemic stage IV disease) and not a PCNSL with systemic 
metastasis.

Fig. 4. Secondary lymphoma: multiple deep-seated lesions (T1-weighted sequences after 
IV Gadolinium infusion) in a patient suffering extranodal lymphoma diagnosed 4 years 
ago
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There is no pathognomonic radiological and/or pathological criterion that 
suggests the primary or secondary nature of lymphoma when the brain paren-
chyma is involved (Fig. 4). A careful and specifi c search must be conducted 
despite the low rate of positivity observed in several series and even totally 
negative results found in others [11]. These tests should target the main sites 
involved by other types of lymphomas.

Clinical examination• 
 Complete and careful clinical examination is necessary with special atten-
tion to lymph nodes areas, the testes, skin and upper airways.
Radiological examinations• 
 Thoraco-abdominal CT-scan should be requested to look for deep-seated 
lymph nodes, pulmonary nodules, and visceral abnormalities. Special at-
tention must be given to facial sinuses.
Ultrasound examination of the testes is warranted.
PET-scan could be another useful tool.
Others• 
 A complete battery of blood tests including viral serologies should be 
 obtained.
Myelogram and bone marrow examination are also justifi ed.

4.  DIAGNOSIS ASSESSMENT FOURTH PART OR IF IT IS A PRIMARY CNS 
 LYMPHOMA, WHAT MUST WE DO?

This stage is important for at least two reasons [1]. The fi rst one is to ensure 
that the patient will receive appropriate therapy. The second is to evaluate the 
effi cacy of therapy as well as to monitor the side-effects of treatment.

Clinical evaluation• 
 Age and performance status are the two most widely documented prog-
nostic variables. Eastern Cooperative Oncology Group (ECOG) perform-
ance status is the accepted standard for the International Prognostic Index 
(IPI) in systemic NHL. Equivalent values for ECOG and Karnofsky per-
formance status are available. Evaluation of cognitive index using, at least, 
Mini Mental status is recommended.
Laboratory investigation• 
Serum lactate dehydrogenase has been identifi ed as an independent prog-
nostic factor.
 Hepatic and renal function (creatinine clearance >50 to 60 mL/min) are im-

portant to determine especially in patients who will receive high-dose meth-
otrexate (MTX).

CSF examination• 
 CSF examination with biochemical and cytological analysis are  necessary.
CSF cell count, 2-microglobulin and immunoglobulin H gene rearrange-
ment are useful.
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Repeated detailed lumbar puncture is required when initially  positive.
Evidence of abnormal lymphocytes corresponds to leptomeningeal in-
volvement for which intrathecal chemotherapy must be considered. One 
must keep in mind that autopsy studies have found leptomeningeal in-
volvement in 100% of subjects who had PCNSL.
Ophtalmologic examination• 
Ocular slit-lamp, funduscopy, fl uorescein angiography and ultrasound ex-
aminations should be performed. Repeated detailed ophthalmologic ex-
amination is required when initially positive.
Neuroradiological examinations• 
Gadolinium-enhanced MRI of the brain (or contrast-enhanced CT-scan in 
patients in whom MRI is contraindicated) is the standard.
Spinal MRI in patients with spinal symptoms is mandatory.

TREATMENTS OF PCNSL IN IMMUNOCOMPETENT 
PATIENTS [7, 9]

PCNSL may be considered as a localized extranodal lymphoma (stage IE/
IIE). For a similar stage in other extranodal lymphomas, local control is ob-
tained in 75% to 90% of cases with 25 to 50 Gy. Overall outcome of radiation 
therapy alone provides a 5-year survival rate of 40% to 75%. However, in 
PCNSL, results (in terms of both quality and duration) are clearly different, 
corresponding instead to those obtained in glioblastoma. Another working 
postulate is to consider the microscopic extension through the CNS, in which 
case PCNSL corresponds to stage-IV aggressive systemic disease. If this is 
admitted, (1) a 5-year survival rate of 18% is not surprising, and (2) the inef-
fectiveness of radiation therapy is to be expected. PCNSL, as the vast major-
ity of other primary CNS neoplasms, cannot be staged.

The median survival of patients who have PCNSL is 1.5 months with con-
servative treatment, range from 0.9 to 5.5 months with  surgery, from 15.2 to 
39 months after radiation therapy alone and from 16.1 to 42 months after ir-
radiation and chemotherapy.

Surgery. In 1974, JM Henry wrote: “Today, surgery is carried out (for 
PCNSL) only as a diagnostic procedure and/or to implant a system suitable for 
intrathecal delivery of chemotherapy”. Surgical removal of cortical expanding 
masses might have been performed when the diagnosis was not suspected.

Radiation therapy. PCNSL are highly responsive to conventional radio-
therapy. Median survival was increased three-fold when radiotherapy was 
 associated with surgery. Whole-brain irradiation has been the standard treat-
ment for PCNSL for years. However, optimal doses, fractionation and fi elds 
have never been clearly established. Response is known to be dose dependent 
and effi cacy is observed for a dose of 50 Gy in whole-brain irradiation. The 
amount of radiation (from 30 to 59 Gy) delivered to the primary site had no 
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effect on duration of survival, whereas the dosage administered to the whole 
brain did.

The optimum modality appeared to be a whole-brain dose of 45 to 50 Gy 
with a boost on the tumor bed to achieve 55 Gy. Some authors did not use 
boost irradiation of the tumor site arguing that there were equal frequencies 
of recurrence both within and outside the boosted area. This last point pro-
vides the evidence that microscopical extension of lymphoma cannot be pre-
dicted from neuroradiologic features. Higher doses improve neither local 
control nor survival and saddle the patient with a very high risk of leukoen-
cephalopathy.

In ocular PCNSL, the posterior two thirds of the globe must be irradiated 
(35 to 45 Gy).

Currently, systematic spinal cord irradiation is not indicated. Irradiating a 
substantial volume of bone marrow may limit subsequent administration of 
chemotherapy.

Analyzing results of exclusive radiotherapy 15 years ago, Andrés Ferreri 
and co-workers found a 1-year survival rate of 66%, a 2-year survival rate of 
43% and a 5-year survival rate of 7%; the best median survival was 24 months. 
In other terms, long-term local control is rarely obtained with radiotherapy 
alone. Additionally, radiotherapy is associated with an increased likelihood 
of treatment-related neurotoxicity. These relatively poor results have prompt-
ed the search for new therapeutic approaches especially combined-modality 
therapy.

Chemotherapy. At fi rst, chemotherapy was used only in cases of relapse. 
Progressively, it was used as an adjuvant to radiotherapy. From a review in-
cluding 1100 patients, median survival was 16.6 months for patients treated 
with radiotherapy alone versus 29.1 months when chemotherapy was added. 
Despite a wide heterogeneity in protocols, median survival has been clearly 
improved, now reaching up to 24 months [6].

Scientifi c, empiric ideas and ideologies precluded the rationale for chemo-
therapy in PCNSL. Chemotherapy is the appropriate treatment in advanced 
systemic NHL. CHOP chemotherapy followed by locoregional irradiation 
in stage I or II aggressive NHL produced a complete remission rate of 98%. 
In view of this, it would not appear unreasonable to hope for similar results 
in PCNSL using the same effective drugs with the same effective protocols. 
Thus, steroids, MTX, nitrosoureas, alkylating agents, anthracyclines and oth-
er agents have been used alone or in association. Unfortunately, many results 
have been negative, notably with CHOP (i.e. the gold standard in systemic 
lymphomas). Transposition from systemic NHL to PCL cannot be achieved 
properly. Crossing the BBB is the fi rst problem and its therapeutically in-
duced restoration could cause intracerebral drug concentrations to decline 
hindering the subsequent effi cacy of treatment.

The best results have been observed with chemotherapeutic regimens that 
include MTX. Effi cacy of MTX was demonstrated 20 years ago both in CNS 
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localizations of systemic lymphoma or in recurrence of PCNSL. Responses 
were observed in 60% to 100% of the cases with an increased rate of survival 
at 12 and 24 months. Brain penetration of MTX is weak because of its low 
liposolubility. The intraarterial route was also tried with and without opening 
the blood–brain barrier but results on survival were quite similar. Increasing 
the dose of MTX was proposed twenty years ago. It is used in doses of 1 to 
8 mg/m2. With a dose of 3 g/m2 delivered continuously in three hours, MTX 
reaches micromolar levels in the CSF that are thought to be therapeutic, for 
24 hours. With lower doses, adequate concentrations are not obtained in all 
patients (in only 22% when 1 g/m2 is administered). However, neurologic and 
systemic complications of MTX are substantial. Administration of tetrahy-
drofolate derivatives limits the systemic toxicity of MTX, while urine 
 alcalinization and hyperhydration limits its renal toxicity. MTX-related leu-
koencephalopathy has been observed after isolated intravenous or intrathecal 
administration with or without combined radiotherapy. Other drugs such as 
arabinoside (Ara-C), nitrosourea have also been tested.

In theory, intrathecal or intraventricular drug administration is useful 
when lymphoma cells are present within the CSF. High intravenous doses of 
either MTX or Ara-C can yield therapeutic concentrations in the CSF and 
may represent an alternative to intrathecal therapy.

New active drugs and therapeutic options are currently under evaluation 
[11]. High-dose chemotherapy with autologous peripheral blood stem 
transplantation is an investigational therapeutic alternative. Temozolomide, 
rituximab (a chimeric monoclonal antibody directed against the B-cell spe-
cifi c antigen CD20), and topotecan are also tested.

Timing of chemotherapy, route of administration, use of a single agent or 
combination regimens, and manipulation of the blood–brain barrier offer 
many variations on the theme but many questions still remain to be answered. 
However, three points should be kept in mind.

1. Adverse effects of radiation therapy have been widely reported and im-
posed a fi rm limit on this treatment. Similarly, a high incidence of delayed 
neurotoxicity has been observed with MTX or polychemotherapy regimens. 
The rates of both immediate mortality and morbidity due to chemotherapy 
have been evaluated at around 10% each. In several series, an even larger per-
centage of patients (25% to 50%) did not receive full-dose chemotherapy due 
to early adverse effects. The very high percentage of immediate mortality 
must be taken into account when expressing results. Finally, only selected 
patients can be enrolled in polychemotherapy protocols due to the high acute 
toxicity or the modality of treatment.

2. Despite the widely used association of radiation therapy and chemo-
therapy, controlled trials designed to analyze the different arms of treatment 
have never been conducted. Is it appropriate to test so many drugs in so many 
ways despite the fact that a gold standard treatment of PCNSL has not yet 
been established? Is intrathecal administration mandatory in patients with 
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normal CSF? What are the optimum schedules in older patients in view of 
their higher sensitivity to both chemotherapy and radiation therapy? Consid-
ering that radiation therapy seems to be called for after upfront chemotherapy 
and that postirradiation chemotherapy is deleterious, what should one resort 
to in recurrences?

3. Results in terms of duration of survival cannot be transposed directly 
from a selected population of patients enrolled in a trial to the overall popula-
tion of patients who have the same disorder. Improvement of results reported 
by controlled series can be in part due to the selection of patients. This aspect 
has been debated for gliomas. Overall survival has not improved consistently 
in the past three decades in studies on population-based cohort.

HOW TO AVOID COMPLICATIONS

1. STEROID SENSITIVITY

When suspecting CNS lymphoma, avoiding corticosteroid before diagnosis 
is of paramount importance.

Glucocorticoids constitute a major therapy for a broad spectrum of hae-
matological malignancies including CNS involvement. Cerebral and systemic 
lymphomas frequently respond to corticoid treatment to such an extent that 
clinical, radiological and pathological aspects disappear in a matter of days 
within administration.

In clinical series, disappearance of the lesion has been observed in 30% to 
40% of patients with PCNSL. Complete remission can be obtained within a 
days. In such cases, microcystic cavitation, reactive gliosis and residual 
perivascular T-lymphocyte cuffi ng without lymphomatous proliferation are 
observed histologically. After discontinuation, the result can persist from 
weeks to years. In most cases, the sites involved at relapse differ from those 
initially affected.

The relative specifi city of the cortico-induced remission has been used by 
some authors, either as a strong indicator of positive diagnosis or as suffi cient 
in itself for diagnosis. For a large majority of authors, tumor shrinkage may 
interfere with confi rmation of diagnosis and subsequent treatment. Vanishing 
lesion are lymphoma in only 50% of the cases.

Two pathophysiological mechanisms have been proposed to explain the 
disappearance of the lesion. The fi rst is that corticoids are known to restore 
the normal BBB impermeability, limiting enhancement after contrast infu-
sion. Glucocorticoids have a direct cytotoxic effect on lymphomatous cells 
via a specifi c membrane glucosteroid receptor involved in apoptotic phenom-
ena. Extensive works have been done in order to clarify the precise nature of 
the receptor and the molecular mechanisms [7]. There are signifi cantly more 
receptors on lymphomatous cells than on normal lymphocytes. There is a 



73

MANAGEMENT OF LYMPHOMAS

proportional relationship between the number of receptors and the intensity 
of the corticoid-induced response. However, this response cannot be pre-
dicted by histological assessment.

Not using the term “ghost-tumor” with corticoid-induced regression of 
CNS lymphoma is of paramount importance. The term “ghost-tumor” 
should be reserved for spontaneous disappearance of the lesion. This peculiar 
feature, in which apoptotic phenomena may be involved, has been reported in 
more than 20% of low-grade systemic NHL. Less than 20 cases of spontane-
ous regression of PCNSL have been reported (review in [11]).

2. WITH LYMPHOMA: THINK OCULAR [4]

There are many forms of ocular manifestations in lymphoma (Table 2). Ex-
traocular lymphomas are beyond the scope of this chapter. Optic chiasm or 
nerve involvements have rarely been reported. They may be either the pri-
mary site of the disease or a metastasis from systemic, orbital or CNS locali-
zations. Ocular involvement is more frequently observed in NHL than in 
Hodgkin’s lymphoma. The importance of intraocular lymphomas lies in the 
fact that, in more than 50% of cases, they herald the presence or the develop-
ment of extraocular lymphoma. A number of studies have suggested that pri-
mary intraocular lymphoma (PIOL) is a subset of PCNSL. Patients who have 
PCNSL or PIOL have been found to be comparable in terms of demo graphic 
data. In about 20% of patients with PCNSL, ocular involvement is  associated 
at the time of diagnosis. In about 50% to 80% of patients with PIOL, ocular 

Table 2. Ocular involvement and lymphoma type

 Primary Lymphoma Secondary Lymphoma

Extraocular

 Conjunctival, orbital, lacrimal Conjunctival, orbital, 
lacrimal

Intraocular

Choroid Primary choroidal 
lymphoma

 Secondary choroidal 
lymphoma

Comments   Frequent disease, 
low-grade B cells

Vitreous cavity
Specifi c sites 
in the retina
Not the choroid

Primary intraocular
lymphoma (PIOL)

 

Intraocular PCNSL
 

Secondary lymphoma
with vitreous and 
retinal involvement
 

Comments Precede CNS 
involvement in 
about 50% to 80% 
of the cases

Present in about 
20% of the 
patients at time 
of diagnosis

Rare disease
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manifestations preceded CNS involvement with a median delay of 6 to 20 
months. At last, in about 20% of patients with ocular lymphoma, systemic 
dissemination will occur during follow-up, and in additional 5% to 10%, 
both systemic and cerebral secondary localizations will occur.

In these diseases lymphoma predominantly involves the vitreous, sensory 
retina and subretinal pigment epithelial space explaining clinical complain 
and diagnostic diffi culties. Clinically, the patients complained of fl oaters, 
blurred vision or decreased visual acuity. In most of these cases, nonspecifi c 
chronic uveitis or vitreitis was diagnosed initially. Steroid-sensitivity is usual, 
but the response is transient and the disease recurs. Uniocular symptoms 
were initially observed, but at time of diagnosis, the disease was bilateral in 
most of cases. Eye examination showed decreased visual acuity, mild anterior 
segment infl ammation and subretinal yellow infi ltrates. The results of slit-
lamp examination and ocular ultrasound are very suggestive of the diagnosis. 
With normal CSF cytology, the diagnosis may be confi rmed by vitrectromy 
or by choroidal/retinal biopsies (see diagnostic procedures).

Ocular lymphoma is hard to recognize due in part to its protean clinical 
manifestations and in part to the diffi culties involved in sampling for 
 pathology. When suspecting ocular lymphoma neurological work-up in-
cluding clinical, neuro-radiological, and CSF examinations must be done. 
Conversely, when suspecting PCNSL ocular work-up must be done. Treat-
ment of isolated ocular lymphoma is not standardized.

3. NEUROTOXICITY

Neurotoxicity is a potential devastating complication that can occur in 
 response to antineoplastic therapies [4]. For other brain tumors such as 
 gliomas, this has been well documented and therapeutically induced late 
toxicity is clearly correlated with age, the association of radiation and chemo-
therapy, and the duration of survival and  follow-up. This complication 
can manifest in a variety of ways, including impaired cognition, ataxia, and 
incontinence, and is associated with a signifi cant decline in the quality of 
life. Patients affected by neurotoxicity often demonstrate MRI signal ab-
normalities in the periventricular white matter of both hemispheres. This 
leukoencephalopathy is not always correlated with cognitive impairment, 
especially in patients treated only with chemotherapy. Autopsy studies have 
suggested a vascular injury. Polymorphism of enzymes involved in the 
folate pathway, and hereditary defects leading to S-adenosylmethionine de-
fi ciency, and brain demyelination, could be strong indicators of risk.

Generally accepted risk factors for late neurotoxicity include age over 60, 
higher doses of radiation, higher daily fractions of  radiation therapy, and 
chemotherapy such as MTX. Progressive cognitive dysfunction has been re-
ported in 20% to 40% of patients treated with MTX and radiotherapy. Using 
multivariate analysis, a clear relationship has been demonstrated between 
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 occurrence of late neurotoxicity and radiation therapy followed by chemo-
therapy. Cranial irradiation increases BBB permeability, an increase that can 
persist for weeks. Any water-soluble agent would have greater access to nor-
mal brain parenchyma if administered after whole-brain irradiation.

Series using upfront chemotherapy have reported not only a very high 
range of complete response, but also an improvement in cognitive functions. 
This point is of paramount importance because cognitive impairment has fre-
quently been observed after, either whole-brain radiation therapy or com-
bined-modality therapy especially in older patients. Upfront chemotherapy 
seems to be effective in older patients, in whom radiation therapy could sal-
vage those who relapse after chemotherapy. Lastly, preirradiation chemo-
therapy could result in less neurotoxicity.

Potential candidates for experimentations on treatment of cognitive defi -
cit are currently under investigation (among others donepezil, dextromethor-
phan, methylphenidate, aminophylline).

CONCLUSIONS

CNS involvement is observed in several situations and the most challenging 
of them is represented by PCNSL. It remains a rare tumor limiting the expe-
rience of physicians managing this kind of problem. Similarities between sys-
temic NHL and PCNSL are only apparent.

For several reasons, chemotherapy appears to be the most appropriate 
therapy. However, complete response to chemotherapy is not synonymous 
with microscopic ablation of lymphoma cells and does not obviate the neces-
sity of irradiation. Moreover, specifi cities of the CNS limit the expected ben-
efi t of multimodality therapies. A gold standard treatment of PCNSL has not 
yet been established. CNS lymphomas remain in most cases aggressive malig-
nancies requiring precise diagnosis and staging. Attention must be paid to the 
high level of steroid sensitivity of these lesions and to the high rate of ocular 
involvement. When managing PCNSL, the challenge is to associate prolonged 
survival and low rate of cognitive dysfunction.
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MANAGEMENT OF ANTERIOR 
FOSSA LESIONS

E. KNOSP

INTRODUCTION

The approach to the anterior cranial fossa, its development and modifi cations 
represent the history of neurosurgery itself. In the pioneering days of neurosur-
gery frontal approaches included a partial frontal lobe resection – the transfrontal 
approach by Dandy and also by Cushing to reach frontobasal tumors. Soon later 
F. Krause, W. Dandy and H. Olivecrona advocated a subfrontal instead of a trans-
frontal approach to resect lesions like tuberculum sellae meningioma, olfactory 
meningioma or pituitary adenomas [15, 19]. It is still advisable to read the classical 
monograph “Meningiomas” by Cushing and Eisenhardt to see their methods, 
their problems and concepts in these pathologies [7]. Light and magnifi cation are 
combined in the operating microscope and were the most powerful factors of 
development and improvement. This big technological step leads to the era of 
modern microneurosurgery. Many large series of meningiomas of the skull base, 
including tumors of the anterior cranial fossa, were published in the following 
years [1, 2, 4, 10, 13, 29, 30]. Olfactory meningiomas and tuberculum sellae men-
ingiomas are the key pathologies in surgery of the anterior cranial fossa.

RATIONALE

The success of an operation depends on the appropriate approach. In this 
regard it is not at all true that all roads lead to Rome. This in mind the discus-
sion on “approaches” became a fruitful soil over the decades for the benefi t of 
patients. In this context I want to point out that not only the exact location of 
a lesion, but also the pathology is of importance. With these two fundamental 
prerequisites in mind I strongly recommend to have textbooks of neuroradi-
ology and neuroanatomy, e.g. “Diagnostic imaging” by A. Osborn [20] or 
A.L. Rhoton and/or J. Lang [17, 24].

DECISION-MAKING

The decision for an approach depends mainly on:

location of the lesion• 
presumed pathology• 

Keywords: skull base, anterior fossa lesions, tumors
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goals of surgery (biopsy, partial resection, radical resection)• 
necessity of reconstruction• 
experience and concepts of the surgeon• 

The size of the craniotomy should not be exaggerated, but should be decided 
in accordance with the above mentioned statements. I suggest to avoid “bomb 
crater surgery”, in other words I try to tailor the approach to the size of the 
lesion. This means e.g. to perform a large craniotomy with a much smaller 
dura opening without splitting of the Sylvian fi ssure to resect a small clinoidal 
meningioma. I suggest to think about the keyhole concept of surgery and to 
fi nd your personal way to reach your goal. Another recommendation is to 
make the approach as simple as possible.

The discussion about the best approach to remove olfactory meningi-
omas – bifrontal or subfrontal – is an excellent example, because the sub-
frontal  approach is simple, has less complications and provides the same 
results. A normal-sized subfrontal approach allows the removal of almost 
every olfactory meningioma. It is fast and usually avoids opening of the 
frontal sinuses. The splitting of the Sylvian fi ssure enables the surgeon to 
release CSF at an earlier stage than in the bifrontal approach. The main ad-
vantage, however, is that the landmarks and the most important structures 
in this approach, the ICA and the optic nerve, are detected and dissected 
early during the procedure. With these informations, devascularisation of 
the tumor is more effective and less dangerous. By extensive endocapsular 
tumor resection the tumor itself provides the approach for its own removal. 
In this stage neuronavigation is very helpful for the better estimation of the 
remaining capsule. Finally the dissection of the tumor surfi ce is performed 
along the ICA, the anterior cerebral artery and the communicating complex 
with its perforators, the A2 segments and the frontopolar arteries of both 
sides.

Another argument for an unilateral approach is that you do not elevate 
or compress or retract both frontal lobes – at least in a much less extent. The 
discussions whether the subfrontal or the pterional approach would be su-
perior to resect a tuberculum sellae meningioma are very long. In my exper-
ience, the more lateral (pterional) approach needs more manipulation on the 
ipsilateral optic nerve than a more medial (subfrontal) one. As soon as a 
tumor involves the anterior clinoid process, I prefer a pterional approach. 
I want to point out that the sphenoidal ridge and the clinoid process serve 
as a clear distinction for the indication to use a subfrontal or a pterional 
approach.

Indications are summarized in Table 1.
Table 1 shows the indications for the different approaches according their 

typical appearance and typical pathologies. The involvement of the sphenoid 
ridge and/or anterior clinoid process are an indication for a pterional ap-
proach. The presumed or proven diagnosis of malignancy in frontobasal tu-
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mors are a clear indication for a bifrontal approach, which allows adequate 
resection and reconstruction. The extended transsphenoidal approach may be 
an alternative for many above mentioned tumors, if the problem of closure is 
solved. But the indications are still discussed controversally.

SURGERY

1. THE SUBFRONTAL APPROACH (Fig. 1)

The subfrontal approach is the prototype approach to resect intradural 
tumors of the anterior skull base, e.g. tuberculum sellae meningioma 

Table 1. Indications for different approaches

Subfrontal standard
supraorbital eyebrow approach

Pterional approach

Meningiomas of the

  olfactory groove
  planum sphenoidale
  tuberculum sellae
  diaphragma sellae

Aneurysms of the

   anterior communicating complex
   internal carotid artery 

(anterior wall)
  ophthalmic artery (contralateral)
   posterior communicating artery 

if projecting laterally

 

Meningiomas involving the sphenoid 
ridge

  sphenoid ridge meningiomas
  clinoidal meningiomas
  optic sheeth meningiomas
   cavernous sinus meningioma 

(if  surgery is indicated)
   orbital meningiomas (superior and 

lateral quadrant)

Aneurysms of the
 posterior communicating artery

  basilar tip
  superior cerebellar artery

MALIGNANCY FUTURE APPLICATIONS?

Bifrontal approach Extended transsphenoidal approach
(Indications are still in discussion)

Carcinomas of the Invasive pituitary adenomas
  ethmoid Craniopharyngiomas
  paranasal sinus Tuberculum sellae meningiomas
  orbit Esthesioneuroblastomas
Esthesioneuroblastomas

2/3 unilateral variant of the approach
Craniopharyngiomas
Hypothalamic tumors
 Compex anterior communicating
artery aneurysms
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and olfactory meningioma, or to clip an anterior communicating artery 
aneurysm.

Surgical technique of the (standard) subfrontal approach:
In supine position the body is slightly elevated and the head is fi xed by 

Mayfi eld clamp, slightly extended and turned approximately 30° to the left 
side, allowing the frontal lobe to fall slightly back by gravity. A turning of 
approximately 30° means that the external rim of the orbit is horizontal and 
the tuber maxillae is the highest point of the head.

We start with shaving of a 1–2 cm strip which allows cleaning and draping 
the skin. The skin incision starts preauricular and is continued usually to the 
midline. In patients with high hairline the incision sometimes crosses the 
midline. The scalp vessels are coagulated, no skin clips or clamps are used. 
After dissection of the periosteum, the scalp is retracted with hooks, and the 
incision of the periosteum is performed along the superior temporal line, 
starting at the supraorbital rim. Approximately 2–3 cm from the supraorbital 
rim an incision of the periosteum is performed towards the supraorbital inci-
sion, creating a “sharkfi n” like periosteal fl ap. This fl ap is fl ected caudally and 
is also retracted together with the skin by hooks. In case of opening of the 
frontal sinus – intentionally or accidentally – this small fl ap provides as vas-
cularised cover of the frontal sinus, preventing a CSF leak. The size of the 
sharkfi n-like fl ap depends on pneumatisation of the frontal sinus and can be 
tailored to the expected opening. If the frontal sinus is opened, the mucosa 
from the bone fl ap has to be removed precisely; the mucosa of the frontal si-
nus leaves untouched.

The superfi cial fascia of the temporal muscle is incised and retracted as 
far to the sutura fronto-squamosa. The key borehole is drilled by high speed 

A B

Fig. 1. The subfrontal approach. A Head turning of 30  (i) interfascial dissection of the 
muscle with retraction of the temporalis muscle, (ii) frontal craniotomy beginning from the 
key borehole, (iii) the basal cutline must be at the level of the anterior fossa. B The area 
usually reached by this approach. The corridors which may be used to resect lesions beyond 
the anterior fossa between the optic nerves (see also Fig. 3) (i) the optic nerve and the ca-
rotid artery, (ii) the carotid artery and the oculomotor nerve
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drill just anterior to the crest of the sphenoid wing. Starting from this bore-
hole a 3–4 cm long and 2.5 cm high bone fl ap has to be removed. In a typical 
subfrontal approach, the lesser sphenoid wing is not exposed and removed 
(in contrary to the pterional approach). The critical point of a subfrontal 
craniotomy is not the size, but that the basal cutline. It should be as low as 
possible – ideally at the level of the anterior fossa. This should be accom-
plished – regardless of the pneumatisation of the frontal sinus. Flattening the 
inner table of the skull with the diamond drill is mandatory and helps to re-
duce brain retraction. If necessary, juga cerebralia from the orbital roof have 
to be drilled too which helps to avoid compression of the frontal lobe.

The dura is fi xed by tacking sutures through small bone holes at an early 
stage of the surgery, keeping the operation fi eld as clear as possible. Dura 
incision follows the superior margin of the craniotomy and the dura is fi xed 
caudally by staying sutures. The margins of the craniotomy are covered by 
cotton pads just before the microscope is introduced into the operation 
fi eld.

The frontal lobe is gently retracted to identify the suprachiasmatic cis-
tern which is opened by diamond knife. This incision is enlarged by scissors 
or the diamond knife to the opposite optic nerve and later into the medial 
third of the Sylvian fi ssure, usually from medial to lateral. At this stage of 
operation I advocate to take time to drain CSF until there is enough space 
for further dissection. This avoids retraction of the frontal lobe and pro-
vides workingspace. Whenever possible, perform surgery without retrac-
tors (“retractorless surgery”). Now the olfactory tract can be identifi ed and 
dissected if necessary. Depending on the approach, the intracranial pressure 
and the tumor location, the splitting of the Sylvian fi ssure can also be per-
formed from lateral to medial. The advantage starting from lateral is that the 
Sylvian fi ssure is still full of CSF facilitating dissection between the superfi -
cial veins and the middle cerebral artery branches. As soon as the olfactory 
tract, the chiasm and the internal carotid artery with its major branches are 
identifi ed, dissection of the tumor is started. The further dissection is per-
formed along the arachnoid planes. If you stay within the arachnoid cleav-
age plane you can avoid damage of important structures best. In case of a 
meningioma the further step is to devascularise the tumor from the dura as 
early is possible and then to reduce the size of the tumor by endocapsular 
resection, using suction or CUSA. After these maneuvers dissection is much 
easier to accomplish.

2. THE SUPRAORBITAL EYEBROW APPROACH (Fig. 2)

The supraorbital eyebrow approach is the smallest variant of a subfrontal ap-
proach to anterior fossa and central skull base pathologies. This elegant small 
approach is an alternative to the standard subfrontal approach, mainly for 
small or medium sized intradural lesions.
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In this approach the positioning of the head and the angle of the approach 
is of much more importance than in the subfrontal approaches described 
above.

The angle of view varies from 15 to 20° fl exion for supra- or retrosellar 
lesions to 45–60° for lesions at the anterior part of anterior fossa fl oor.

The skin incision is within the eyebrow and starts from the supraorbital 
incisure sparing the frontal nerve and reaches to the lateral end of the eye-
brow (in some cases a few millimeters laterally).

After incision of the frontalis and the orbicularis oculi muscles the tempo-
ral muscle is detached at the superior temporal line similar to the subfrontal 
approach. The skin and the muscles are retracted by strong (temporary) su-
tures. Self stretching retractors would hamper the surgeon and reduce the 
fl exibility during the procedure.

Craniotomy starts from the borehole drilled behind the temporal line 
along the orbital rim to the supraorbital incision. A second cut is done in a 
C-shape fashion from the borehole to the supraorbital foramen. By precise 
retraction and protection of skin and muscles during craniotomy a 2.5  2 cm 
bone fl ap can be removed.

In this limited approach it is more important to drill the inner table at the 
frontal base than in the subfrontal approach. Although there are gained only 
a few millimeters, it is necessary to enlarge the approach by resecting the in-
ner edge of the craniotomy.

The dura is opened in a usual way and fi xed by sutures.
For using this approach slim instruments are necessary and the application 

of endoscopes to look around hidden corners is synergistic and is part of the 
concept of minimal invasive keyhole surgery as advocated by A. Perneczky 
[22, 23, 25].

A B

Fig. 2. The supraorbital eyebrow approach: (i) this is a minimal invasive variant of the 
subfrontal approach, which requires slim instruments and surgical experience, (ii) it is 
somewhat limited towards lateral (temporal), (iii) preferably used in smaller tumors strictly 
limited to the anterior cranial fossa
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3. THE CONTRALATERAL SUBFRONTAL APPROACH

Small lesions medial to the optic nerve and at the medial circumference of the 
ICA are best approached by a contralateral one – either using a subfrontal 
or supraorbital approach. Tuberculum sellae meningiomas which are not 
strict in the midline, but a asymmetrical, represent an ideal indication for a 
contralateral approach (Fig. 3A). Detailed anatomical knowledge is impor-
tant for clipping these aneurysms [21] and for removing tumors from the 
contralateral optic canal (Figs. 3, 4).

One has also to take account that there is a difference of the dura niveau 
(dural ring) between the lateral aspect of the ICA and its medial side. This 
difference results from the anterior clinoid process, which is approximately 
5 mm.

Small medially projecting ophthalmic aneurysms and aneurysms arising 
from the superior hypophyseal artery – so called “carotid cave” aneurysms 
represent another ideal indication for this approach (Fig. 4).

A

C D

B

Fig. 3. A small (asymmetrical) tuberculum sellae meningioma compressing the left side. 
Before (A) and after resection (B) by a right-contralateral approach. (C) Endoscopic visualisa-
tion of the hidden corner at the ipsilateral optic canal (30  straight endoscope).
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4. THE PTERIONAL APPROACH (Fig. 5)

There are signifi cant and important differences between the subfrontal and 
pterional approach:

The main preparation in a pterional approach is along the lesser sphenoid 
wing, that means that the rotation of the head is 45° from the median sagittal 
line.

The extradural resection of the sphenoidal wing together with the splitting 
of the Sylvian fi ssure are synergistic effects to gain space between the frontal 
and the temporal lobe.

The additional mild retrofl exion of the head of 10° will create an ideal 
situation for retractorless surgery in which the frontal and temporal lobes 
were alternately pushed gently aside to reach the lesion. By doing so, this ap-
proach provides the shortest route to the supraclinoidal internal carotid ar-
tery and to its branches, but also to deep-seated areas of the retroclival and 
retrochiasmatic/supra/parasellar space.

A B

C D

Fig. 4. Small ophthalmic aneurysm on the left ICA (A, B). Contralateral (right) subfrontal 
approach before (C) and after (D) clipping
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But there are further differences to the subfrontal approach:

An interfascial dissection between superfi cial and deep temporal fascia • 
to protect the frontal branch of VII in order to avoid damage is more 
important than in the subfrontal approach.
A longer posterior incision along the superior temporal line is neces-• 
sary to detach the temporal muscle.
The incision of the temporalis muscle should be done along its oblique • 
fi bers and not perpendicular to them.
The borehole is drilled exactly at the sphenoid wing, which allows • 
opening the frontal and the temporal fossa with one borehole. The 
following craniotomy is centered to lesser sphenoid wing with equal 
size of the craniotomy above and below the sphenoid ridge.
The extradural removal of sphenoid wing with diamond drill is per-• 
formed until to reach the lateral aspect of the superior fi ssure. If nec-
essary, the extradural bone resection can include the anterior clinoid 
process (Dolenc technique), but this maneuvre is rarely necessary and 
needs a lot of experience.

5. THE BIFRONTAL APPROACH (Fig. 6)

In supine position the head is minimally reclined, without fl exion. After shav-
ing and draping a coronar incision is performed from one ear to the other well 
behind the hairline. In most cases a bifrontal approach is performed to have a 
big periosteum fl ap which allows a frontobasal reconstruction. Its size should 
be according to the expected defect at the anterior fossa. Because the fl ap is of 
paramount importance to avoid CSF leaks a pediculated, vascularised peri-

A B

Fig. 5. The pterional approach. Head rotation 45  (i) interfascial dissection is more important, 
because the temporalis muscle has to be incised and released from the planum temporale, 
(ii) after frontal and temporal craniotomy extradural resection of the lesser sphenoid wing is 
necessary, (iii) splitting of the Sylvian fi ssure. These two maneuvres provide the working space 
in this approach
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steom is necessary. It is better to have an oversized fl ap to assert a perfect 
closure of the dura.

The temporalis muscle is incised at the linea temporalis and retracted pos-
teriorly. A borehole trepanation is performed on each side, a further one is 
made at the midline directly over the superior sagittal sinus. Starting from the 
sagital borehole the craniotomy is performed to the temporal boreholes and 
is then continued across the midline. The basal cutline opens the frontal si-
nuses and it may be diffi cult to perform near the midline.

The inner wall of the frontal sinus (or the inner table) can be removed in 
order to have better access to the anterior skull base and the olfactory groove 
as the deepest point of anterior skull base.

The dura incision is performed one centimeter parallel above to the basal 
cutline and the superior sagittal sinus is ligated (not clipped because it creates 
artefacts in MRI) and cut together with the falx.

Further steps depend on the nature of the lesion to treat. In most patholo-
gies necessitating a bifrontal approach the olfactory function is already dam-
aged, or in malignances is not relevant to preserve. In some cases however, 
dissection and preparation of the olfactory nerves are necessary to save olfac-
tion [28].

For me there are rare indications for a bifrontal craniotomy, e.g. for some 
craniopharyngeomas or hypothalamic gliomas. In these cases in which I need 
a median anterior approach I prefer a 2/3 bifrontal approach usually on the 
right side – instead of the classical bifrontal one.

In this variant the bone fl ap is done on the right side – for a right handed 
surgeon and a right handed patient – crossing the midline only 1.5–2 cm. In 
this variant I open the dura unilaterally only. This approach allows to dissect 
the interhemispheric fi ssure as well as the anterior skull base. This is necessary 

A B

Fig. 6. The bifrontal approach. Rarely used for intradural benign lesions; (i) only used, 
if frontobasal reconstruction is required (malignant tumors or trauma); (ii) the size 
and the quality of the periosteal fl ap is the critical point to achieve a perfect “dura” 
closure; (i) a 2/3 bifrontal craniotomy may be indicated if interhemispheric dissection is 
necessary
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in complex anterior cerebral artery or anterior communicating aneurysms or 
hypothalamic lesions. The big advantage of this approach is that it avoids re-
traction on both frontal lobes because one frontal lobe is protected by dura 
and the falx during interhemispheric dissection. This slightly oblique ap-
proach also allows a reconstruction of skull base in small and middle sized 
defects with bone (e.g. split calvaria) as well as a watertight dura closure with 
a pediculated periosteal fl ap. In these cases it is mandatory to achieve the wa-
tertight closure with sutures.

In extented cases where it is necessary to resect tumors close to the optic 
canals, including the tuberculum sellae, it is advisable to prepare 4–6 staying 
sutures at the deepest points of the dura reconstruction and then to bring the 
periostal fl ap “curtain like” into the depth. After that the sutures have to be 
knotted and secured by fi brin glue.

6. THE EXTENDED TRANSSPHENOIDAL APPROACH

With increased experience in endoscopic transsphenoidal surgery for pitui-
tary adenomas, craniopharyngiomas and anterior skull base tumors like tu-
berculum sellae meningiomas or esthesioneuroblastomas are in the scope of 
extended transsphenoidal approaches. Anatomical studies and fi rst surgical 
reports demonstrate that endoscopic transsphenoidal approaches to anterior 
skull base pathologies are feasable [6, 12, 14].

The biggest problem in these approaches is the postoperative CSF leak, 
which is not yet suffi ciently solved. The excellent results with these subfron-
tal approaches for these leasions let me hesitate to advocate a transsphenoidal 
approach.

An other argument not to perform extended transsphenoidal surgery for 
tuberculum sellae meningiomas is the frequent growth into the optic canal 
(Fig. 7B). If the problem of a save dura closure is solved, many tumors of the 
anterior skull base (and the clivus and posterior fossa) become resectable by 
extended transsphenoidal approaches.

Today the endoscopic techniques have been rapidly developed. Some de-
cades ago we were in a very similar situation with the conventional transsphe-
noidal appraoch in pituitary adenomas, which became the standard approach 
today. I expect that the extended transsphenoidal approaches for meningi-
omas of the anterior fossa will be accepted in the future if we can solve the 
problem of closure.

7. THE ORBITOZYGOMATIC OR ZYGOMATIC APPROACHES

Orbitozygomatic or zygomatic approaches [2, 3, 13, 32] have their merits and 
may be necessary in complex central skull base tumors or complex aneu-
rysms. For me these approaches are not necessary for lesion of the anterior 
skull base and are beyond the subject of this chapter.
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8. GENERAL PROBLEMS OF OPENING OF THE OPTIC CANAL (Fig. 8)

In tuberculum sellae, diaphragma sellae, large olfactory and many medial 
sphenoid ridge meningiomas the tumor extension into the optic canal is a 
rule and not an exception. Therefore an opening of the canal is a common 
demand – regardless of the used approach.

In large tuberculum sellae meningiomas, in which the optic nerve is kinked 
by the falciform ligament, it is necessary to start with incision of the ligament 
and sometimes this is enough to remove the tumor extensions from the optic 
canal. If there is any doubt of completeness of removal, the use of endoscopes 
is an advantage. It is possible to see the critical hidden corner on the medial 
aspect of the ipsilateral optic nerve as well as the origin of the ophthalmic 
artery and sometimes an additional opening of the bony optical canal is not 
necessary. The view into the contralateral optic canal is better and rarely needs 
endoscopic assistance (Fig. 3C).

In cases with signifi cant growth into the optic canal, additionally the bone 
covering of the optic nerve has to be removed. In these cases I create a small 
C-like dura fl ap centered to the optic canal, which exposes the bone over the 
optic canal. Due to chronic pressure, the bone may be very thin and some-
times absent and surgery should be performed very carefully. The fl ap serves 
as a protection of the optic nerve during drilling. Drilling is performed with 
suffi cient rinsing along the bony canal, leaving a very thin bony shell intact 
(“egg-shell technique”). At the end this shell will be removed by angulated 
microdissectors. The extent of bone resection depends on the tumor exten-
sion and/or the bone invasion and can easily be enlarged including the whole 
anterior clinoid process.

Fig. 7. Tuberculum sellae meningioma. A Conventional CT angiography. B, C The preopera-
tive 3-D planning shows tumor growth into the optic canal (arrow)

A B C

Fig. 8. Opening of the optic canal. A C-shape dura fl ap is created which covers and protects 
the optic nerve during drilling (A). After bone resection which may include also the anterior 
clinoid process, the fl ap is resected and the optic sheeth incised (B) to remove tumor ex-
tensions into the optic canal. Illustration of a contralateral approach to a small ophthalmic 
aneurysm (C).
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The same procedure of clinectomy and opening of the optic canal is re-
quired to dissect the neck of ophthalmic aneurysms and to gain proximal 
vessel control in some carotid artery aneurysms.

Attention has to be paid in cases in which the anterior clinoid process is 
pneumatized because the risk of a CSF leak into the sphenoid sinus. In these 
cases it is enough to plug a small piece of muscle into the opening to prevent a 
leak.

In recent cases a pieco-resection technique is applied for the bone resec-
tion of the optic canal. This technique is promising for the removal of (thin) 
bone without having the hazard of drilling.

HOW TO AVOID COMPLICATIONS

1. TAILOR THE APPROACH TO THE LESION

General intentions in surgery should be to reduce the surgical trauma and to 
tailor the approach to the size of the lesion and the presumed pathology.

Although there is a correlation between size of the craniotomy and the 
complications, like subcutaneous and epidural hemorrhages, the size of the 
craniotomy should not be overemphasized. To use an unilateral subfrontal 
approach [9, 11] instead of a bifrontal one in an olfactory meningioma, would 
be a good example to reduce the morbidity: like CSF leaks and anosmia (2.6% 
in the supraorbital eyebrow approach [25] and 11, 18). Furthermore it re-
duces the surgical trauma and saves time of surgery.

2. THINK ABOUT THE KEYHOLE CONCEPT

Try to avoid “bomb-crater” craniotomies! It is not necessary to perform a 
very large frontotemporal craniotomy with a considerable smaller dura opening 
for the resection of a small clinoidal meningioma. With a small cranio tomy, 
either supraorbitally or subfrontally, together with splitting of the Sylvian 
fi ssure, you can achieve the same result.

3. CSF LEAKS

Watertight dura closure has to be accomplished and special attention has to be 
paid, if paranasal sinuses are opened. A “sharklike” periosteal fl ap (see above) 
is very helpful to overcome this problem in small openings.

Autological material is the best for reconstruction – e.g. periosteum, har-
vested during the approach, is much better and cheaper than any dura substi-
tute. This is specially true in reconstruction of the anterior cranial fossa which 
should be provided by a pediculated, vascularized fl ap (periosteum and/or 
galea).
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Do not trust resorbable materials like fi brin glue or gelfoam without an 
adequate fl ap.

It is always better to sew than “glue”.
In case of a postoperative CSF leak, an external lumbar drainage is in-

serted for approximately fi ve days; a reoperation however is necessary, if the 
leak persists.

4. CRANIAL NERVE LESIONS

Frontal branch of the facial nerve:• 
To avoid lesions of the frontal branch of the facial nerve I follow Yaşargil’s 
recommendation to perform an interfascial dissection [31].

Although most facial nerve lesions in a supraorbital approach are tran-
sient, special attention should be paid at the lateral corner of the eyebrow 
incision (5.5% transient weakness according to 25).

Finally I avoid extremely low and complex craniotomies, e.g. orbito-
zygomatic approach for lesions in the anterior cranial fossa, because there is a 
high risk to stretch the nerve at the level of the zygoma.

Olfactory nerve• 
Any lifting of the frontal lobe carries the risk of olfactory nerve lesion – the 
closer the approach comes to the midline, the higher is the risk of damage. 
The highest risk of lesion carries the bifrontal approach in which dissection of 
the nerve is recommended [28] to save olfaction. A higher risk of anosmia 
may also be encountered in contralateral approaches.

Optic nerve• 
Detailed knowledge of the anatomy of the optic system [17, 24] is a prerequi-
site of surgery and cannot be compensated by neuronavigation or neuro-
physiological monitoring. Meticulous and sharp dissection with diamond 
knife or scissors avoids traction and compression of the optic nerve. To save 
and to improve the function of the optic nerve and chiasm it is mandatory to 
preserve the ophthalmic artery, the superior hypophyseal artery and the per-
forators from the anterior communicating complex.

Furthermore, applying Papaverin on spastic vessels may prevent unex-
pected vision loss.

Deterioration of vision is the most critical complication in perisellar tu-
mors. The risk of deterioration in tuberculum sellae and in olfactory menin-
giomas are reported to be from 5 to 25% [1–3, 9, 10, 18, 29, 30].

5. ENDOCRINOLOGICAL COMPLICATIONS

In tumors of the anterior cranial fossa endocrinological defi cits are rare [9]. In 
tuberculum sellae and diaphragma sellae meningiomas it is sometimes diffi -
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cult to identify the pituitary stalk but high fi eld MRI imaging helps to iden-
tify the stalk in most cases. In craniopharyngiomas however the preservation 
of the pituitary gland, the stalk and the hypothalamus is the most important 
issue during surgery.

6. NEUROPSYCHOLOGIC DISORDERS

Patients with large olfactory meningiomas usually have frontal lobe symp-
toms, but during surgery additional damage can happen. The absence of a 
dissectable arachnoid plane and the presence of a perifocal brain edema 
make the likelihood of mental deterioration higher and surgery more 
 difficult.

7. CLOSURE

The bone fl ap is fi xed by titanium plates (craniofi x®) in most of our cases. 
Furthermore, I fi ll the gap at the cutlines with methyl-acrylate (Palacos®) to 
achieve an optimal cosmetic result. The patients – not only the ladies – will be 
grateful for that. Although the borehole is covered beneath the anterior part 
of the temporalis muscle, a mild overcorrection with palacos at this point is 
recommended. This counterbalances the atrophy of the temporalis muscle in 
slim patients.

CONCLUSIONS

Anterior approaches to the frontobasis are the most utilized approaches in 
neurosurgery and are technically simple, provided that some precautions 
have been applied. But they may become increasingly diffi cult, if lesions in-
volve the sella, the parasellar or retrosellar space. The problems inhering with 
these various pathologies are beyond this chapter and will be discussed in 
detail in the cited literature. I am sure, there will be ample space for discus-
sions and  suggestions for your own considerations. At the end I will add a 
very important fact which is not measurable: experience. Experience plays an 
important role in all of these considerations and a surgeon, who is able to 
 refl ect his decisions and analyses his operations, will fi nd new concepts for 
the next (similar) case.
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INTRODUCTION

The middle cranial fossa is the site of several tumors. These tumors may be 
primarily intracranial, arising from the meninges or cranial nerves, such as 
meningiomas or schwannomas. Other tumors, such as chordomas and chond-
rosarcomas, may arise from the bone and cartilage. Some tumors can originate 
from extracranial tissues and secondarily invade the middle cranial fossa struc-
tures, such as nasopharyngeal carcinoma, esthesioneuroblastoma, lymphoma 
and systemic metastasis. The majority of middle cranial fossa tumors are men-
ingiomas; among them, sphenoid wing meningiomas are the most common.

These tumors are most often approached through the pterional or the sub-
temporal approach and their variants.

The fi rst successful removal of a lateral sphenoid wing meningioma was 
described in 1774 by A. Louis. In 1918, G. J. Heuer pioneered the pterional 
approach as a surgical technique to approach lesions of the middle cranial fossa, 
although W. Dandy is frequently credited with inventing this operation. In the 
following years, many surgeons modifi ed the pterional approach to gain a more 
direct working distance and to minimize brain retraction. The orbitozygomat-
ic and supraorbital osteotomies have been proposed as extensions to the pteri-
onal approach to wider exposure of the middle cranial fossa and to enable entry 
to the neighbour compartments (orbit, posterior fossa, pterigopalatine space).

The fi rst successful removal of a schwannoma of the Gasserian ganglion 
was described in 1918 by C. H. Frazier. Cushing’s prediction in 1938 is fast 
approaching fulfi llment: “It is possible of course that a method may some day 
be evolved whereby a Gasserian ganglion neuroma or meningioma may be 
safely approached and removed. Should this come to pass, it will be another 
conquest for neurosurgery”. Olivecrona, in 1956, reported a one year mortal-
ity rate of 41% after trigeminal nerve schawannoma treatment. In recent 
years, various surgical approaches have been used for treatment of these tu-
mors with almost no mortality. The subtemporal approach with its varia-

Keywords: meningiomas, neuromas, chordomas, chondrosarcomas, meta-
stasis, pterional approach, fronto-temporo-orbito-zygomatic approach, sub-
temporal approach, middle fossa
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tions, such as Kawase’s approach, the zygomatic-temporal approach or the 
combined subtemporal-transtentorial approach, have been proposed as a safe 
surgical strategy for removing middle fossa trigeminal schwannomas.

To sum up, many advanced methods have been introduced to treat tumors 
of the middle fossa, based on the standard pterional and subtemporal surgical 
routes, resulting in better outcome.

RATIONALE

1. SURGICAL ANATOMY OF THE MIDDLE CRANIAL FOSSA

The middle cranial fossa is formed by the sphenoid and temporal bones. The 
anterior border of this fossa consists of the sphenoid wing and anterior clinoid 
process. Posteriorly, it is limited by the superior border of the petrous temporal 
bone and the dorsum sella of the sphenoid bone. The fl oor is formed by the 
greater wing of the sphenoid anteriorly and the squamosal temporal bone pos-
teriorly. The middle cranial fossa is divided into a medial portion and a lateral 
portion. The medial part is formed by the body of the sphenoid bone. The cav-
ernous sinus occupies a signifi cant portion of this region and its anatomy will be 
described elsewhere in this book. The lateral part is formed by the lesser and 
greater sphenoid wings, with the superior orbital fi ssure between them. The 
lesser wing is connected to the body of the sphenoid bone by an anterior root, 
which forms the roof of the optic canal, and by a posterior root, also called the 
optic strut, which forms the fl oor of the optic canal and separates the optic canal 
from the superior orbital fi ssure. The greater wing forms the largest part of the 
middle fossa, with the squamosal and the petrosal parts of the temporal bone 
completing this surface. The superior orbital fi ssure transmits the oculomotor, 
trochlear, ophthalmic, and abducens nerves, a recurrent meningeal artery, and 
the superior and inferior ophthalmic veins. The maxillary and mandibular 
nerves pass through the foramen rotundum and ovale, both located in the great-
er wing of the sphenoid. The upper surface of the petrous bone is grooved along 
the course of the greater and lesser petrosal nerves. The  carotid canal extends 
upward and medially and provides passage to the internal carotid artery and 
carotid sympathetic nerves in their course to the cavernous sinus. The roof of 
the carotid canal is formed by the petrous bone. However, this bony roof is 
frequently dehiscent to a variable degree. In many cases, the internal carotid 
artery in the carotid canal is covered only by the dura of the middle cranial 
fossa. The posterior trigeminal root reaches the middle fossa and the impression 
on the upper surface of the petrous bone where Meckel’s cave sits. The Meckel’s 
cave is a cleft-like dural pocket that originates from the dura propria of the pos-
terior fossa, between the periosteal and the meningeal layer of dura of the mid-
dle cranial fossa. The contents of the Meckel’s cave are the sensory and motor 
root of the trigeminal nerve, Gasserian ganglion and arachnoid layer. The arcu-
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ate eminence indicates the position of the superior semicircular canal. A thin 
lamina of bone, the tegmen tympani, roofs the area above the middle ear and 
auditory ossicles on the anterolateral side of the arcuate eminence. The internal 
auditory canal can be identifi ed below the fl oor of the middle fossa by drilling 
along a line approximately 60° medial to the arcuate eminence, near the middle 
portion of the angle between the greater petrosal nerve and arcuate  eminence. 
The petrous apex, anteromedial to the internal acoustic  meatus, is free of impor-
tant structures. The middle cranial fossa is covered by dura and is fed by the 
middle meningeal artery; and is innervated by the trigeminal nerve [8].

2. TYPES OF TUMORS

2.1 Meningiomas

Meningiomas are the most common extraaxial brain tumors. The middle cra-
nial base is the site of several groups of meningiomas. These include: menin-
giomas of the lateral and middle sphenoid wing; meningiomas of the anterior 
clinoid; en plaque meningiomas of the sphenoid wing; meningioma of the 
lateral wall of the cavernous sinus; meningioma of Meckel’s cave.

Meningiomas of the cavernous sinus are extensively described elsewhere in 
this book. Meningiomas of the lateral sphenoid wing arise from the pterion and 
grow along the Sylvian fi ssure, separating the frontal and the temporal lobes. 
Tumors of the middle sphenoid wing originate from the middle of the sphenoid 
ridge. They usually remain separated from the carotid and the optic structures. 
Through extensive extradural removal of the sphenoid ridge, tumors of the 
lateral and middle sphenoid wing can be transformed into convexity-like tu-
mors. Clinoidal meningiomas are of three types. Type one originates from the 
inferior aspect of the anterior clinoidal process, adhering  directly to the carotid 
artery’s adventia, without an interfacing arachnoidal membrane. Type II origi-
nates from the superior or lateral aspect of the anterior clinoid process and is 
separated from the carotid artery by the arachnoid membrane, which has al-
ready invested the artery in the carotid cistern. Type III clinoidal meningiomas 
originate medially to the anterior clinoid, at the optic foramen where there is no 
arachnoid layer between the optic nerve and the tumor. En plaque meningi-
omas of the sphenoid wing invade the sphenoid bone and the orbital roof. The 
dural attachment is usually an en plaque spread along the sphenoid wing, the 
lateral wall of the cavernous sinus and the fl oor of the middle fossa. The optic 
canal and the superior orbital fi ssure are often compressed by the tumor or by 
the hyperostotic infi ltrated bone which is often present. The involved bone 
must be totally removed to prevent  recurrence. Meningiomas of the Meckel’s 
cave originate within the cave itself, but are rarely confi ned to it. These menin-
giomas may grow and extend into the middle fossa, posteriorly into the petro-
clival area, or in both directions [1].

Meningiomas of the sphenoid wing may present with any of the signs or 
symptoms of intracranial disease, such as headaches, seizures, paresis, confu-
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sion. Clinoidal meningiomas most often present with monocular visual loss. 
Meningiomas of the lateral wall of the cavernous sinus may result in diplopia, 
facial hypoesthesia or oculomotor dysfunction. Meckel’s cave meningiomas 
may present with facial numbness or pain and diplopia secondary to a sixth 
nerve palsy. The mainstay of treatment of meningiomas remains surgical re-
section not only of the neoplasm but also of the infi ltrated dura and bone to 
decrease the incidence of recurrence. Skull base meningiomas cannot be com-
pletely removed and stereotactic radiosurgery and radiotherapy may be used 
as an adjunct in residual tumors.

2.2 Neuromas of the trigeminal nerve

Neuromas or schwannomas arising from the trigeminal nerve are rare tu-
mors, representing 0.07–0.36% of all intracranial tumors and 0.8–8% of all 
intracranial schwannomas. The trigeminal nerve is the second most frequent 
intracranial site of origin for neuromas, after the VIII nerve. They tend to oc-
cur during midlife with a peak incidence in the fourth and fi fth decades. They 
are slightly more common in women. The clinical presentation of trigeminal 
schwannomas, as well as the surgical approach, depends on their intracranial 
location along the trigeminal nerve. Schwannomas may arise from the gan-
glion, the root or, more rarely, the divisions of the trigeminal nerve. Jefferson 
was the fi rst to classify them according to location. Approximately 50% arise 
predominantly within the middle cranial fossa; 30% within the posterior fos-
sa and 20% are dumbbell shaped with signifi cant extension into both fossae. 
The most common complaint at the time of presentation is a sensory distur-
bance in the ipsilateral face. The disturbance is most often described as numb-
ness but may include pain or paresthesia. Facial pain is more common in 
 tumors involving the trigeminal ganglion from the trigeminal root. Objective 
fi ndings are common and are usually attributable to the involved trigeminal 
nerve. Decreased sensation in one or more divisions along with a diminished 
or absent corneal refl ex is seen in 80–90% of patients, while mild weakness 
in the masticatory muscles is found in 30–40%. Middle fossa tumors can 
 produce a conductive hearing loss from Eustachian tube destruction and a 
 facial paresis secondary to compression of the nerve in the Fallopian canal or 
stretching of the greater superfi cial petrosal nerve. The surgical approach 
must be tailored according to whether it is necessary to enter Meckel’s cave 
alone or other surrounding compartments too. The subtemporal interdural 
approach is generally adequate for exposing these tumors and has the ad-
vantage of being convertible into an intradural approach, as required. The 
 tumor is removed through an intracapsular debulking procedure generally 
using ultrasonic aspirator. The tumor tends to displace the parent nerve medi-
ally and/or the ganglion eccentrically and every effort must be made to avoid 
damaging them. After debulking the capsule must be carefully dissected away 
from the surrounding structures. In large dumbbell shaped tumors the  trochlear 
nerve is usually found on the superior pole of the capsule and the auditory and 
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facial nerves along the inferior pole. The tumor does not generally invade the 
venous space of the cavernous sinus nor encase the carotid artery.

2.3 Chordomas and chondrosarcomas

Chordomas and chondrosarcomas are a rare group of tumors that together 
constitute less than 1% of intracranial tumors. Chordomas originate from 
embryonal notochord remnants along the midline skull base, while chondro-
sarcomas arise predominantly in lateral structures of the middle cranial fossa, 
the temporo occipital synchondrosis, the sphenoocciput and the sphenoeth-
moid complex being the most common sites of origin. Since the imaging char-
acteristics of chordoma and chondrosarcomas are similar, the location of the 
tumor is often the best guide to differential diagnosis. These tumors cause 
pain from bony erosion and neurologic symptoms from compression of cra-
nial nerves. Mesenchymal chondrosarcoma is the most common form of cra-
nial base chondrosarcoma and is the most malignant subtype. The priority of 
complete tumor excision that is paramount in chordoma management, is less 
clear for chondrosarcomas; this is because the control rates for chondrosarco-
mas are very high with adequate radiation treatment [5].

2.4 Metastasis and other malignancies

Middle cranial fossa can be involved by metastatic tumors from systemic ma-
lignancies, such as lung cancer, breast cancer and melanoma, and from direct 
extension of neighbouring head and neck tumors, such as esthesioneuro-
blastoma, lymphoma, squamous cell carcinoma, nasopharyngeal carcinoma 
and adenoid cystic carcinoma. Metastasis to the middle cranial fossa become 
symptomatic by affecting the neurovascular structures exiting the foramina at 
the basicranium, most often causing ipsilateral facial numbness or pain and 
sixth cranial nerve palsy. Pain is caused by bone invasion. Modern surgical tech-
niques permit biopsy for defi nitive diagnosis and debulking of these  lesions. 
Radiation therapy is used for middle cranial fossa metastasis. Sys tematic chem-
otherapy has been ineffective in preventing skull base metastasis [6].

DECISION-MAKING

Patients harbouring middle cranial fossa tumors should undergo scrupulous 
radiographic evaluation. On CT scans meningiomas are mostly hyperdense, 
eventually with calcifi cation (25%), strong and homogenous enhancement, 
often associated with bony changes such as hyperostosis. On MRI these tu-
mors appear isointense on T1 weighted-images (WI), isointense on T2 WI. 
Strong and homogenous contrast enhancement is seen and a dura tail can be 
identifi ed. Trigeminal schwannomas appear as an iso-hyperdense mass on CT 
scan; they can be solid or solid-cystic, expand the Meckel’s cave and enhance 
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uniformly. On MR scans, they appear iso-hypointense on T1 WI and hyper-
intense on T2 WI. MRI may show heterogeneous cystic components with a 
clear relation to the trigeminal nerve. These lesions enhance strongly after 
gadolinium administration. For chordomas, CT demonstrates a soft tissue 
density mass, isodense or hypodense to brain on non-enhanced images, that 
erodes the bone with nonsclerotic margins. The mass may enhance with in-
travenous contrast. On MRI the mass is typically isointense or hypointense 
to brain on non-enhanced T1 weighted images and hyperintense on T2 WI. 
Heterogeneous contrast enhancement may appear within the mass. Chond-
rosarcomas show similar radiographic characteristics to chordomas. CT 
demonstrates a soft tissue mass, hypodense to brain with an epicentre along 
one of the cranial base synchondroses. Lytic destruction of the bone is seen. 
More than half of chondrosarcomas have calcifi cations. MRI shows chond-
rosarcomas as enhancing soft tissue masses that are hypointense on T1 WI 
and hyperintense on T2 WI. MRI and CT are complementary modalities for 
evaluating middle cranial fossa metastasis. CT with bone window exposure of 
the skull base detects calcifi cation and the effect of the metastases on the bone 
of the skull base. MRI demonstrates the relationship of a skull base mass to 
cranial nerves and vascular structures. MRI or CT demonstrate metastatic le-
sions in 77% of patients with metastasis of the middle cranial fossa; when skull 
base metastasis is suspected but unconfi rmed by CT or MRI, Tc99m-SPECT 
appears to be an alternative for the diagnosis of middle cranial fossa metastasis. 
Magnetic resonance angiography has nowadays supplanted cerebral angiogra-
phy for the determination of the relationship of the tumor to the major intrac-
ranial arteries and their branches and for preoperative evaluation of the vein of 
Labbé and venous sinus patency. However, for those few meningiomas that 
require endovascular embolization, cerebral angiography remains necessary to 
determine the feasibility and safety of the procedure.

SURGERY

1. PREPARATION OF THE PATIENT

1.1 Middle cranial fossa surgery

Middle cranial fossa surgery requires brain retraction. Although the best 
means of reducing brain retraction is to eliminate its need by using basal ap-
proaches, several methods can be used to minimize it: spinal drainage is of 
paramount importance for ensuring brain relaxation. Cerebrospinal fl uid 
drainage is performed using a lumbar sub-arachnoid drain inserted after in-
duction and intubation of the patient. Gradual withdrawal of fl uid (about 
25 ml) is carried out during the operation as required. A fl ow-control clamp 
is applied to the draining tube to prevent rapid loss of cerebrospinal fl uid. 
Other techniques are: patient positioning to take advantage of the effects of 
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gravity, hyperventilation to a PCO2 of 25–30 and osmotic diuretics such as 
20% solution of mannitol at the dosage of 0.25 g/kg [7].

1.2 Intraoperative electrophysiologic monitoring

Intraoperative electrophysiologic monitoring during middle cranial fossa sur-
gery is based mainly on trigeminal and facial nerve monitoring. These monitor-
ing systems will detect several types of physiological activity in the muscle, 
which are indicative of mechanical stimulation of the nerves or nerve trauma.

2. OPERATIVE TECHNIQUE

Tumors of the middle cranial fossa can usually be approached through the 
pterional approach and the subtemporal approach. Both approaches can be 
further extended by means of additional osteotomies, such as the cranio-or-
bital zygomatic approach and the temporo-zygomatic approach.

2.1 Pterional approach

The pterional approach (Fig. 1A) is indicated for tumors of the middle cra-
nial fossa located at the sphenoid wings or at the anterior clinoid. We prefer 
the pterional approach to the pure temporal one when exposure of the tem-
poral pole, the Sylvian fi ssure and the superior orbital fi ssure is required. In 
this way, the tumor can this way be approached from the transylvian or sub-
temporal surgical route.

The patient is placed supine with the ipsilateral shoulder elevated to re-
duce head rotation. The head is rotated 45° away from the side of the tumor, 
elevated 15  to the trunk to favour venous drainage and hyperextended for 
brain relaxing. The head is fi xed in a three point Mayfi eld headrest.

Fig. 1A. The green area shows the pterional approach which may be extended with a orbi-
tozygomatic craniotomy
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The skin incision is begun 1 cm anterior to the tragus at the level of the zygo-
 matic arch and extended behind the hairline, as far as 1–2 cm before the midline. 
Subcutaneous dissection is performed and the superfi cial layer of the temporal 
fascia and the temporal muscle are incised following the scalp incision. The 
frontal scalp remains attached to the superfi cial temporal fascia. Then a subfa-
cial subperiosteal dissection of the temporal muscle is performed and the fronto-
 temporal bone is exposed to the pterion. The temporal muscle is carefully 
 detached from the frontal process of the zygomatic bone. During exposure of 
the orbital roof care must be taken to avoid streching the supraorbital nerve. 
The scalp is retracted together with the temporal muscle anteriorly and inferi-
orly. Craniotomy is centered on the pterion (McCarty point). Another burr-
hole is made at the posterior limit of the zygomatic bone. The craniotomy is 
wider on the temporal side than on the frontal one. The lesser sphenoid wing 
makes it diffi cult to use the craniotome to connect the two burrholes and a drill 
or a oscillating saw can be used instead. The bone fl ap is removed and the re-
maining bone is drilled to expose the fl oor of the middle cranial fossa.

Further step: anterior clinoidectomy. The anterior clinoidectomy is indi-
cated for clinoidal meningiomas, meningiomas of the lateral wall of the cav-
ernous sinus and when the optic nerve has to be decompressed. Different 
techniques have been proposed for reducing the attachment of the clinoid to 
the sphenoid wing and its extent. The bony CUSA minimizes the heating 
of the bone and damage to neurovascular structures, such as the optic nerve 
and the internal carotid artery.

2.2 Fronto-temporo-orbito-zygomatic approach

The orbitozygomatic approach (Fig. 1B) is an extension of the pterional 
approach, mainly indicated for exposing the cavernous sinus.

Fig. 1B. The fronto-temporo-orbito-zygomatic approach performed with the three-steps 
technique (cf. Operative technique in the text)
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During this approach subperiosteal dissection of the temporal muscle can-
not be performed. With a subfacial dissection, the temporal fascias are dis-
sected from the temporal muscle and remain attached to the frontal scalp. The 
periorbit must be exposed and care must be taken to preserve the supraorbital 
nerve. The nerve runs in a bone channel at the lateral third of the orbital roof. 
The bone channel can be inferiorly delimitated by fi brous tissue, instead of 
bone. The supraorbital nerve must be freed from the channel and retracted 
inferiorly with the scalp. Dissection of the periorbit starts at the orbital roof 
and the thin capsule must be preserved. The subperiosteal dissection at the 
zygomatic arch preserves the facial nerve. The facial nerve runs superiorly to 
the zygomatic arch in a fat pad between the superfi cial temporal fascia at the 
zygomatic periostium, anteriorly to the superfi cial temporal artery. At the 
superior end of the zygoma, the temporal fascia split into two layers (supe-
rior and inferior), which come together again at the superior orbital rim. The 
facial nerve runs in a fat pad in between the two temporal fascia layers. The 
subperiosteal dissection is continued to expose the zygomatic arch and 
the  zygomatic protuberance of the frontal bone. Using a oscillating saw, the 
zygomatic arch is sectioned with oblique cuts in its most posterior end and 
anteriorly where the zygomatic arch meets the lateral wall of the orbit. Pre-
plating is performed, then the zygoma is displaced inferiorly. The attachment 
of the masseter muscle on the inferior border of the zygomatic arch is pre-
served. The temporal muscle is dissected together with the deep temporal 
fascia and refl ected inferiorly. A frontotemporal craniotomy is performed, 
obtaining the cranio-orbital fl ap via an osteotomy is performed between the 
inferior orbital fi ssure and the lateral wall of the orbit. Another osteotomy is 
performed to detach the orbital roof and the lateral two-thirds of the superior 
orbital rim. The entire orbital roof should be removed in one piece.

2.3 Subtemporal approach

The subtemporal approach (Fig. 2) is indicated for Meckel’s cave tumors 
and tumors that invade the petrous bone, such as chordomas and chondrosa-
rcomas. The patient is placed supine with the shoulder on the same side as the 
tumor elevated. The head is rotated, so that the superior longitudinal suture 
is parallel to the fl oor, and elevated 15° to the trunk. The zygoma represents 
the vertex of the surgical fi eld in order to favour temporal lobe retraction. 
The head is fi xed in a three point Mayfi eld headrest. The skin incision de-
pends on the desired extension of the surgical fi eld. A skin incision in ques-
tion mark fashion is indicated when the control of both the superior orbital 
fi ssure, temporal pole and petrous region are desired. The incision starts 1cm 
anteriorly to the tragus, curves posteriorly along the ear and ends anteriorly 
on the midpupil line. The need to perform a zygomatic osteotomy depends 
on the individual conformation of the middle cranial fossa. The variable con-
cavity of the middle fossa can be calculated. We consider the distance between 
the deepest point in the middle fossa and a line passing from the lowest 
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lateral point on the temporal lobe and the cerebro-mesencephalic sulcus. 
Patients require zygomatic osteotomy if the distance is more than 1.5 cm 
(Fig. 3). The removal of the zygomatic arch is also indicated for lesions that 
extend from the middle cranial fossa to the infratemporal cranial fossa. 
A subfascial dissection is performed and the temporal muscle is reversed in-
feriorly. The fi rst hole is made on the McCarty point and the second just 
posterior to the external acoustic meatus. Craniotomy is then performed in 
order to obtain a fl at working angle to the fl oor of middle cranial fossa thus 
minimizing temporal bone retraction. An extradural approach is indicated for 
pure osseous lesions. An interdural dissection is performed, between the dura 

Fig. 2A. Temporal approach to the middle fossa. Patient is positioned supine; Mayfi eld pins 
must be inserted into frontal and occipital bones; gel pads are placed under the shoulder 
and under the bottom to rotate the head 90  (parallel to the fl oor). The vertex is tilted down 
10 –20  so that the zygoma is the highest point: this provides a natural retraction of tempo-
ral lobe. The patient is monitored for motor trigeminal and ocular muscles functions when 
needed. Note the scalp incision for the temporo-zygomatic and the fronto-orbito-temporo-
zygomatic approaches

Fig. 2B. The green area corresponds to the temporal craniotomy. In red, the entity of the 
zygomotomy
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propria of the middle fossa, that faces the brain surface, and the periosteal 
dura of the fl oor of the middle cranial fossa. The cleavage plane is easier to 
fi nd at the foramen spinosus as the meningeal artery is contained between 
these dural layers. The meningeal artery at the foramen spinosus is exposed 
and cut. All the other anatomic landmarks are progressively exposed (greater 
superior petrosal nerve, arcuate eminence) and Meckel’s cave is eventually 
exposed to the porus trigeminalis to the foramina ovale and rotundum. 
Attention must be paid not to push the interdural dissection too posteriorly 
toward the margin of the petrous bone in order to avoid opening of the supe-
rior petrosal sinus which forms the roof of the porus trigeminalis and fl ows 
between the dural layers we are dissecting.

3. LONG-TERM RESULTS AND COMPLICATIONS

The most frequent complications related to the surgical approach are: cere-
brospinal fl uid leakage, brain edema, temporal muscle atrophy, cranial nerve 
palsies, epidural haematoma.

The overall surgical mortality for meningiomas of the middle cranial fossa 
is 1%; the rate of neurological defi cit depends on the tumor location, varying 

Fig. 2C. At the end of the subtemporal interdural approach, various anatomic landmarks 
can be recognized: the meningeal artery (MMA), the greater superior petrosal nerve (GSPN), 
arcuate eminence (AE), V3 and formen ovale, V2 and foramen rotundum, Gasserian ganglion 
(GG), the porus trigeminalis (PT), the tentorium (PT). Note the projection of the inner ear 
structures on the petrous bone: the labyrinth corresponds to the AE; the cochlea (C)  lays 
just medially and posteriorly to the GSPN hiatus, the internal acustic canal (IAC) bisects 
the angle between the GSPN and the AE. The Kawase’s triangle is the area delimited by the 
lateral side of the Meckel’s cave, the GSPN, the cochlea, the IAC and the PT. This area can be 
drilled to gain access to the posterior fossa. The Glasscock triangle is bound by a line from 
the MMA at its foramen spinosum to the facial hiatus, the greater superfi cial petrosal nerve 
and V3. This area surrounds the horizontal petrous IAC
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in published series from 9 to 11%. Total excision for middle cranial base 
 meningiomas can be achieved at most locations with a recurrence rate of 
0–5% if we exclude en plaque meningiomas which are burdened with a high-
er rate of recurrences. Surgical removal of the involved bone is necessary to 
reduce recurrence. Radiosurgery has proved to be an extremely important 
and a valuable adjunct to the treatment of meningiomas remnants or re-
currences after surgery, with a very high rate of tumor control from 85 to 
98% at 5 years [4]. Trigeminal schwannomas can be totally resected in 
most cases. After subtotal resection, many authors report a satisfactory 
clinical outcome with few symptomatic recurrences, usually within 3 years. 
Recurrences may be treated with radiosurgery. Many studies show a con-
trol rate of 100% over four years; however, the exact role of radiosurgery in 
the treatment of trigeminal neuromas has yet to be determined in large long-
term studies [3]. Long-term outcome of chordoma treatment depends prima-
rily on the degree of surgical excision, due to their ability to recur and to the 
relative radioresistence of chordoma cells. The extent of surgical  removal is 
less important in chondrosarcomas because long-term local  control can be 
obtained with adequate radiation therapy: approximately 97% after 20 years 
[5]. The prognosis of most patients with middle cranial fossa metastasis re-
mains poor and the goal of surgery and radiotherapy is to maintain the qual-
ity of life and functional status while maximizing  survival.

Fig. 3. The need to add a zygomatic osteotomy to the approach can be predicted by the 
individual confi rmation of the middle fossa: A a patient with a very fl at middle fossa fl oor 
is showed; B a patient with a concave middle fossa
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HOW TO AVOID COMPLICATIONS

When performing the pterional approach care must be taken to avoid damag-
ing the temporal branch of the facial nerve, which supplies the frontalis  muscle 
and the mimic muscles of the orbit. The frontalis muscle raises the ipsilateral 
eyebrow and denervation produces an obvious cosmetic deformity. Skin 
 incision begins 1cm anterior to the tragus to preserve the nerve. The subcuta-
neous fl ap is dissected no further than 3 cm from the eyebrow line. When 
a subfascial dissection is performed, the risk of damaging the nerve is maxi-
mum at the zygoma if the dissection of the arch is not subperiosteal. The 
nerve passes parallel and anteriorly to the superfi cial temporal artery which 
should be also preserved because it supplies the forehead and because it can 
be useful for low-fl ow extra intracranial bypass. Another complication that 
may occur during the pterional approach is atrophy of the temporal muscle, 
which would impair elevation of the mandible. A blunt subfacial dissection of 
the temporal muscle preserves the deep temporal fascia, which contains the 
vessels and nerves that supply the muscle. The use of electrocautery during 
temporal muscle dissection is indicated only to detach the muscle from the 
superfi cial temporal line. During closure, the temporal muscle is returned to 
its anatomic position and secured to the bone along its original insertion.

Cerebrospinal fl uid leakage can occur if the frontal sinus or mastoid cells 
were entered during the pterional or subtemporal approach. If so, they must 
be plugged with fat or muscle from the patient and biological glue. During 
the subtemporal approach, the meningeal artery must be well cauterized at 
the foramen spinosus, to avoid epidural haematomas. Epidural haematomas 
can also be prevented by anchoring the dura peripherally at the bone or at the 
periostium. Brain edema during pterional and subtemporal approach is main-
ly caused by venous drainage impairment. This is particularly true during the 
subtemporal approach as a result of obstruction of the venous fl ow in the 
Labbé vein during temporal lobe retraction. Brain edema can be, in part, 
 prevented by reducing brain retraction through extensive osteotomy, cere-
brospinal fl uid drainage and a correct patient positioning. Facial nerve injury 
during the subtemporal approach can be caused by a traction on the genicu-
late ganglion during interdural dissection near the greater superfi cial nerve. 
To avoid this, dissection must be carried out in a posterior to anterior direc-
tion; at the most, the great superfi cial nerve may be cut sharply but dry eye 
syndrome is a frequent result of this sectioning.

CONCLUSIONS

The middle cranial fossa is the site of different tumors, with various origins, 
pathological features, clinical presentation and outcomes. Nonetheless, these 
tumors constitute a continuum because the surgical avenues and techniques 



112

R. DELFINI

used to approach them are similar. As Cushing observed about meningiomas: 
“all said and done, it is the fi nal result that counts, and having been brought 
up to believe that convalescence is shortened by attention to the technical 
details while the patient is on the operating table, I have no dread of a long 
session”, the outcome of surgical treatment of middle cranial fossa tumors 
often depends on technical and time-consuming details. In the last two de-
cades, a better understanding of microsurgical anatomy, refi nements in imag-
ing techniques and neuroanesthesia, and the development of innovative skull 
base approaches, have signifi cantly improved the surgical management of 
middle cranial fossa tumors, resulting in a lower rate of mortality, morbidity 
and recurrence. In addition, stereotactic radiosurgical techniques may offer 
more modalities for treatment and for preventing recurrences.
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MANAGEMENT OF CENTRAL 
SKULL BASE TUMORS

B. K. MISRA

INTRODUCTION

The cranial base is conventionally classifi ed into anterior, middle and posterior 
parts that correspond to the respective cranial fossa. However, many patholo-
gies straddle the middle and posterior skull base and can be considered under 
the region of central skull base (CSB). Though sporadic attempts at skull base 
surgery were made in the early 20th century, it was only in the 1960s that seri-
ous efforts of interdisciplinary cooperation among neurosurgeons, otorhino-
laryngologists and maxillofacial surgeons were made to tackle skull base lesions 
[7]. The CSB, especially the cavernous sinus (CS) region was the last to be tack-
led directly. While Parkinson’s article describing the direct surgical attack on 
the cavernous sinus for the carotid–cavernous sinus fi stula was the fi rst of its 
kind, it was Dolenc’s extensive experience and his description of the combined 
epidural and subdural approach to the CSB that led many neurosurgeons to 
venture into cavernous sinus surgery [2]. In spite of the many advances and 
large experiences, debate still continues as to the best approach to the parasellar 
region – microsurgery, radiosurgery, combined modality or observation.

RATIONALE

1. SURGICAL ANATOMY

The CSB bony region includes the sella, the clinoid processes (anterior and 
posterior), the posterior portion of the planum sphenoidale, the tuberculum 
sellae, the dorsum sellae, the upper clivus, the parasellar regions including the 
cavernous sinus and the petroclival regions. The vascular structures in rela-
tion to this region are both internal carotid arteries (ICAs) from the petrous 
carotid to the supraclinoid, the circle of Willis, the cavernous sinuses, inter-
cavernous sinuses and the venous connections of the cavernous sinus. Safe 
entry triangles to the parasellar and petroclival regions have been described 
between the cranial nerves II and VIII [3]. Though there is signifi cant distor-
tion of the various tri  angles in the parasellar area by tumors, the entry points 
of the cranial nerves, the bony structures and the dural folds remain more or 

Keywords: skull base, central skull base, tumor, approaches, microsurgery
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less constant, hence it is critical to have a 3D concept of this area in the mind 
of the surgeon supported by neuronavigation to have optimal results.

The CS is the parasellar epidural space on either side containing a plexus of 
veins. Its other contents are the internal carotid artery accompanied by the sym-
pathetic plexus of nerves and the sixth cranial nerve lateral to the ICA. The CS 
is bounded medially and inferiorly by a periosteal layer of dura which in its 
 superior and lateral wall is contiguous with the connective tissue sheaths of the 
III, IV and V cranial nerves and is the true cavernous membrane. The dura 
coursing on the undersurface of the temporal lobe is adherent to this true 
 cavernous membrane, forming a double dural covering of the cavernous sinus. 
Superiorly and laterally, this sub-temporal dura can be elevated from the true 
cavernous membrane without signifi cant bleeding in an extradural approach to 
the CSB and CS. The petrous carotid artery in the carotid canal is parallel to the 
greater superfi cial petrosal nerve (GSPN). It is surrounded by a dense fi brous 
ring, the fi rst of three, at its entrance to the cavernous sinus. The ICA is covered 
by another two rings at its exit, the fi rst being a membranous one just medial to 
cranial nerve III, and the second being a fi brous dural ring which it pierces to 
become intradural. The two distal rings are fused medially and are separated by 
the anterior clinoid laterally [3, 8]. The surgical anatomy of the petrous bone can 
be considered in relation to anterior and posterior approaches [7]. The anterior 
approach, also called the Kawase’s approach or the middle fossa petrous apex 
approach, involves the extradural exposure of the superior surface of the petrous 
bone [5]. The key landmarks in this approach are the foramen spinosum, the 
middle meningeal artery (MMA), the foramen ovale, V3, GSPN, the arcuate 
eminence and the petrous ridge. Posterior approaches are not considered here.

Table 1. Mass lesions of the central skull base

Primary bony lesion Intracranial origin Extra cranial origin

Metastasis Metastasis Para pharyngeal malignancies
Chordoma Meningioma Angiofi broma
Chondrosarcoma Pituitary tumors Esthesioneuroblastoma
Fibrous dysplasia Craniopharyngioma Schwannoma
Dermoid Epidermoid, dermoid Nasal glioma
Giant cell tumor Schwannoma of cranial 

nerves III to VII
Sphenoid sinus mucocele/
pyocele

Rhabdomyosarcoma Astrocytoma  
Osteogenic sarcoma Germinoma  

Rathke’s Cleft Cyst  
Hamartoma  
Lymphoma  
Granuloma  
Teratoma  
Histiocytosis  
Cavernous angioma 
Giant aneurysms
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2. PATHOLOGICAL LESIONS

Various pathological lesions (Table 1) are encountered in the region of CSB. 
A classifi cation based on the pathological type and anatomical location is de-
scribed here knowing fully well the considerable overlap.

The essentials of the surgical approaches to the CSB with special emphasis 
on the approaches to meningioma, chordoma, chondrosarcoma and trigemi-
nal schwannoma will be dealt with in this chapter.

DECISION-MAKING

The process of decision-making, whether and when to operate, what ap-
proach (subtotal or total) is most important yet diffi cult.

It is important to understand that many tumors in the parasellar region • 
are completely outside the cavernous sinus or only partially  enter the 
cavernous sinus and their fi rst line of treatment is microsurgical  excision. 
It is also essential to remember that many of these tumors are slow-grow-
ing benign neoplasm and not life-threatening. Thus, the natural history 
of the disease and the expected post-operative quality of life should be 
discussed in detail with the patient before deciding on any treatment.
Preoperative assessment. • The clinical features are related to both tu-
mor location and pathology. The symptoms and signs can be grouped 
under cranial nerve dysfunction, endocrinological dysfunction, long 
tract signs, cerebellar signs and raised intracranial pressure (ICP). The 
preferred imaging modality today is MRI of the brain with and with-
out contrast. A high resolution CT scan with bone algorithms adds to 
the diagnostic accuracy. MR angiography and more recently 3D CT 
angio are routinely performed to study the vascular anatomy in detail. 
An invasive 4-vessel cerebral digital subtraction angiography (DSA) 
resorted to earlier in every case is not done any more by the author 
except for the purpose of pre-operative embolization or for balloon 
occlusion test while planning elective carotid sacrifi ce. Plain X-rays 
of the skull are no more routinely employed. A MRI/CT brain (with 
or without contrast) image guided protocol is a standard preoperative 
workup in the author’s practice since 1998. Apart from the routine 
medical pre-anesthetic work up, all patients have endocrinological, 
neuro-ophthamological (Visual acuity, ventricular fi brillation, ocu-
lar motility and fundus evaluation), and neuro-otological evaluation 
(audiogram and brainstem evoked response audiometry [BERA]).
The process of decision-making, whether and when to operate, what • 
approach (subtotal or total) is most important yet diffi cult.
Surgical approach.•  The surgical approach to a given patient of CSB 
is dictated by (i) patient factors, (ii) tumor factors, and (iii) surgeon 
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factors. The important patient factors to be considered are age, co-
morbidity and defi cit at presentation. Tumor factors like consistency, 
adhesiveness, cavernous sinus occupation, invasion of carotid artery 
adventitia and en plaque morphology make complete excision diffi -
cult and often impossible without compromising quality of life. Last 
but not the least, is the surgeon factor. Surgery of meningiomas of the 
cavernous sinus and the petroclival region and chordomas and chon-
drosarcomas of the skull base requires special training, long hours of 
meticulous micro-dissection and excellent postoperative critical care 
facilities. Hence, before embarking on such an endeavor a thorough 
understanding of the magnitude of the problem is essential.

The various approaches used for tumor of the CSB are summarized in 
Table 2.

SURGERY

1. PREOPERATIVE PREPARATION AND ANESTHESIA

The patient is kept fasting overnight and a mild sedative/anxiolytic and laxa-
tive are prescribed the night before. A preoperative discussion is held with the 

Table 2. Approaches used for tumor of the CSB

Anterior approaches
Primary approach Modifi cation
Transbasal Extended transbasal
Transsphenoidal Extended transsphenoidal
Transmaxillary  
Transmandibular  

Anterolateral approaches
Primary approach Modifi cation
Pterional Fronto-temporo-orbito-zygomatic (FTOZ)
 Frontotemporal epidural and subdural
 Lateral Frontal
 Supraorbital

Lateral approaches
Primary approach Modifi cation
Sub-temporal MCF/Petrous apex approaches

Posterolateral approaches
Primary approach Modifi cation
Retrosigmoid Translabyrinthine 
 Retrolabyrinthine
 Transcochlear
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anesthetist about the expected length of the surgery, the need for temporary 
vascular occlusion, hypo/hypertensive measures, hypothermia, dehydration 
and the need for a lumbar CSF drain. Facial nerve monitoring, BERA (when 
functional hearing is preserved preoperatively) and more recently extraocular 
muscle monitoring are performed by the author, hence the need for discon-
tinuing paralyzing drugs and nitrous oxide and maintaining the depth of an-
esthesia with propofol and sevofl urane.

It is critical to have a lax brain. For years now, we have not been using 
mannitol or furosemide routinely; instead, we use a lumbar subarachnoid 
drain (a ventricular drain in cases of raised ICP and hydrocephalus). Periop-
erative antibiotics in 4 doses starting with 2 g of Cefazolin just before the skin 
incision, followed by 1 g 6-hourly are routinely employed. A bolus dose of 
intravenous methyl prednisolone 15 mg/kg at the beginning followed by 
7–10 mg/kg 12-hourly is given for two days. The patient is also loaded with 
parenteral phenytoin sodium or sodium valproate which is continued in the 
immediate post-operative period and normally 6 weeks postoperatively. All 
pressure points are adequately padded and pneumatic compression pumps 
are applied for deep vein thrombosis (DVT) prophylaxis.

The patient’s head is fi xed in the Mayfi eld clamp in the desired position 
and registration is done for image guidance. Appropriate planning is done 
based on the preoperative work-up and neuronavigation data. Hair shaving is 
restricted to the incision site and 2 cm on either side.

2. SURGICAL MANAGEMENT ACCORDING TO TYPES OF TUMORS

2.1 Meningiomas

CSB is a fertile ground for meningiomas because cell rests from which the 
tumor appears to take origin are clustered in this area as basilar cell clusters.

Suprasellar Meningiomas: Meningiomas arising from the planum, tubercu-
lum, diaphragm, and dorsum sellae are grouped under suprasellar meningiomas. 
Both, the standard pterional and the supraorbital approach, are  adequate for 
excision of this tumor. The author has, in the last 5 years, utilized the supraor-
bital approach in 31 cases, 25 of them basal meningiomas and 6 of them cranio-
pharyngiomas. While we no longer prefer this for craniopharyngiomas, we 
utilize the supraorbital approach for suprasellar meningiomas without signifi -
cant calcifi cation and parasellar extension (Fig. 1). FTOZ is used for dorsum 
sellae meningiomas. The basic surgical principle in this group is, as in all me-
ningiomas, devascularization of the tumor by taking care of the attachment, 
debulking, total excision by developing the tumor arachnoid plane, excision of 
the basal attached dura and drilling of the underlying involved bone.

Parasellar meningioma: Tumors arising from the sphenoid wings me  d      i        -
ally, both the lesser and the greater, form the major bulk of this group. Cavern-
ous sinus involvement in such cases, when present, is usually secondary. 
Primary cavernous sinus meningioma is rather uncommon. Extent of exposure 
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will vary depending on the size and extent of the tumor. Essentially after a fron-
totemporal craniotomy, sequential drilling of the sphenoid wing, the orbital 
roof and the optic canal and anterior clinoidectomy are performed. Complete 
separation of the two layers of the lateral wall of cavernous sinus, working be-
tween the safe triangles and drilling of the petrous apex to access any extension 
into the posterior fossa will access most of the tumor. While the aim of the sur-
gery is total excision, it is in reality dictated by infi ltration of the adventia of the 
ICA and its branches by the tumor (Type I tumor of Al-Mefty) [1] or intracav-
ernous occupation, in which case a subtotal excision is better. The residual tu-
mor in the cavernous sinus has an indolent course and can be treated by adjunct 
radiosurgery either electively or on demonstrable growth [4, 6, 9].

Petroclival meningiomas: Meningiomas arising from the upper 2/3rd of the 
clivus (clival) or along the petroclival borderline where the sphenoid,  petrous, 
and occipital bones meet (petroclival) and those petroclival meningiomas with 
signifi cant middle fossa extension into the cavernous sinus (sphenopetroclival) 
are considered under petroclival meningiomas [6]. A clival  meningioma (CM) 
and sphenopetroclival meningioma (SPCM) without posterolateral/inferior 

Fig. 1. Pre- and post-op CE MRI images in a case of tuberculum sellae meningioma operated 
through supra orbital approach
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extension beyond the internal acoustic meatus (IAM) are best managed by mid-
dle cranial fossa/petrous apex approach. Additional orbitozygomatic cranio-
tomy will facilitate excision of tumor extending high up in the dorsum and 
above. SPCM with signifi cant inferolateral extension is best approached by a 
combined anterior petrosal and retrosigmoid approach. In such a scenario, the 
author presently uses a two-staged approach and usually the tumor inside the 
cavernous sinus is left behind for better functional outcome (Fig. 2). Petroclival 
meningiomas (PCM) without signifi cant middle crania fossa (MCF) extension 
are operated by a retrosigmoid approach or posterior petrosal approach. The 
 author has in the last decade reverted back in most cases to a retrosigmoid cran-
iotomy and a supraparacerebellar approach, as opposed to an earlier posterior 
petrosal approach.

The author has operated on 81 PCM, mostly large and giant, between 
1988 and 2008. A study done in 2006 aimed at the changing trends in treat-
ment strategy in the author’s practice demonstrated that out of the 70 pa-
tients treated till 2006, 58 were microsurgically operated, of which 6 had 
adjunct Gamma knife radiosurgery (GKR), and 12 patients were managed 
by primary GKR. The various microsurgical approaches utilized were pos-
terior petrosal in 26, retrosigmoid supraparacerebellar in 21 and MCF/ante-
rior petrosal in 11. A comparison of the approach and results between 
patients treated earlier (1988–97) and those treated later (1998–2006) showed 
a preference towards retrosigmoid approach in the latter half. Though there 
was signifi cant morbidity, especially with cranial nerve defi cits, fortunately 
results were better in the latter half because of the learning curve and the 
change in strategy to safe excision as opposed to total excision.

2.2 Chordomas and chondrosarcomas

Situated extradurally, chordomas and chondrosarcomas constitute less than 
1% of intracranial tumors. It is often diffi cult to distinguish chordoma from 
chondrosarcoma in view of the considerable overlap in their clinical, radio-
logical and histological features. The two tumors however can be distin-
guished immunohistochemically; chordoma is positive for keratin and other 
epithelial markers with variable S–100 expressivity, while chondrosarcomas 
lack epithelial markers and are almost always S–100 positive. The peak inci-
dence of chordomas and chondrosarcomas is in the fi fth and sixth decade 
with a slight male preponderance. The clinical presentation is related to the 
predominant location of the tumor, higher up in the basisphenoid presenting 
with cranial nerve involvement of the 2nd through the 6th cranial nerves and 
occasional endocrinological dysfunction as opposed to tumor located lower 
down in the basiocciput which tends to present with lower cranial nerve in-
volvement and long tract and cerebellar signs. Diplopia, commonly from 6th 
cranial nerve dysfunction, and headache are the most common features at pre-
sentation. Though usually extradural, occasional dural transgression can be 
appreciated on MRI. The mainstay of treatment in chordomas and chondro-
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sarcomas is radical surgical excision. Reports of post-op heavy particle proton 
beam therapy and more recently Gamma knife radiosurgery (GKR) for re-
sidual tumor has shown promise. Though the natural history of these tumors 
is variable, these are essentially malignant tumors, and most chordoma  patients 
ultimately succumb to the disease. Many surgical approaches have been used 
to eradicate the tumor, the main principle being an essentially extradural ap-
proach which is dictated by the tumor extent. The goal of surgery is radical 
excision without compromising quality of life. Adequate care at closure is 
necessary to prevent CSF leak in case of dural breach and appropriate adjunct 
procedure to prevent craniospinal instability. An analysis of the author’s se-
ries between 1988 and 2006 demonstrated 41 cases of chordoma and chond-
rosarcoma of which 25 were males. Often staged and multiple surgery is nec-
essary to achieve optimal outcome (Fig. 3). Complete eradication of tumor is 
often impossible and ultimately most tumors recur, chordomas earlier than 
chondrosarcoma.

2.3 Trigeminal schwannomas

Trigeminal schwannomas (TS) are comparatively easier to operate, excise to-
tally and achieve cure as opposed to meningiomas of CSB. The exact surgical 
approach is usually dictated by the extension of the tumor. Most tumors in 
the parasellar region, arising from Gasserian ganglion and the division, the 
commonest location, can be removed through an interdural sub-temporal ap-
proach. Well-encapsulated, the tumor is easily dissected from the adjacent 
neurovascular structures in the lateral wall of the cavernous sinus without the 
need of entering the cavernous sinus proper. Posterior fossa extensions of this 
tumor can often be removed through the eroded petrous apex. Additional 
drilling of petrous apex and cranial nerve exit foramina however is required 
in dumbbell tumors with a narrow waist and intact bone. No effort should be 
spared to preserve the GSPN while excising this tumor, so as to prevent dry 
eye in a hyposensitive cornea, a lethal combination. TS arising from roots and 
predominantly located in the posterior fossa with minimal MCF extension 
can be removed by a retrosigmoid craniotomy. Giant multicompartment TS 
are best removed by a combined anterior petrosal + retrosigmoid approach. 
While most TS can be totally excised without signifi cant morbidity, tumors 
in children and those associated with neurofi bromatosis (NF) are more dif-
fi cult because of the high vascularity in children and associated calcifi cation 
and multiple tumors in NF.

2.4 Granulomas

Granulomas of the parasellar region can often be mistaken for meningiomas 
pre-operatively. Characteristically these are hypointense on T2W images, 
relatively avascular, with variable degree of bony erosion (Fig. 4). Typically 
the granulomas are fi rm (especially fungal) and have an en plaque occupa-
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tion at surgery. Such cases should be as radically removed as possible 
 without compromising neural function and followed up with prolonged 
pharmacotherapy.

HOW TO AVOID COMPLICATIONS

There are two aspects of dealing with complications: (i) their prevention and 
management, and equally important (ii) their prior understanding and accep-
tance of the problem by the patient. Hence, the fi rst step in the prevention of 
complications both for the patient and the surgeon is proper information to 
the patient about the magnitude of the problem, the natural history of the 
disease, alternative options and past experience of the surgeon, and proper 
information to the surgeon regarding the patient’s general health and pre-
morbidity. The next important step towards prevention of complications is 
adequate planning, e.g., detailed study of the intracranial vasculature, neuro-
navigation and team discussion, both surgical and interdisciplinary, and 
proper execution. The general principles laid down above would go a long 
way in avoiding undesirable complications. Some of the steps to prevent 
complication in specifi c situations are enumerated below:

Before the operation starts:
(i) proper positioning, adequate padding of pressure points, (ii) head fi xation 

without compromising neck veins and generally with the head above the heart 
level, and (iii) pneumatic pump compression device for DVT prophylaxis

During Surgery:
An optimally invasive approach, as big an approach as essential and as 

small an approach as adequate, is the best way to go.
(i) mild dehydration with reduced parenteral fl uids, (ii) taking off bone 

at the base and remaining extradural as long as possible, (iii) lumbar drain in 

Fig. 4. T1W CE and T2W MRI images in a case of parasellar fungal granuloma
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small tumors and ventricular drain in large ones, (iv) wide opening of the 
Sylvian  fi ssure and release of CSF from cisterns, (v) malleable retractors to 
support the brain and not retract, (vi) limit exposed brain to the minimum 
and kept covered with moist gelfoam, and (vii) respecting veins and all 
efforts to preserve the large ones, (ix) utilizing the safe corridors to the cav-
ernous sinus while working extradurally and respecting the tumor-arach-
noid plane during intradural dissection are the keys to successful surgery. It 
is vital to understand that most intradural benign tumors, especially men-
ingiomas, are extra-arachnoidal and the plane of dissection is between the 
tumor and arachnoid and not in the  subarachnoid space. (x) Interrupting 
tumor blood supply and leaving passage vessels intact. It is better to leave 
little bit of tumor attached to critical neurovascular structures in case of 
excessive adhesiveness and infi ltration of the adventitia of the vessels rather 
than injure them. (xi) Copious irrigation while drilling near neurovascular 
structures to prevent thermal injury, using diamond drill in sensitive areas, 
leaving a thin shell of bone to be elevated at the end are other important 
steps in prevention of injury.

Prevention of CSF leak:
One of the commonest and irritating post-op complications in skull base 

surgery is post-op CSF leak. Recognition and obliteration of all opened si-
nuses, after exenterating of mucosa, with muscle, plugging of mastoid air cells 
with bone wax and watertight dura closure primarily or with fat graft or fas-
cia lata are essential steps. Even when primary dura closure is done, it is a 
good practice to reinforce the dural closure, the sinuses and the mastoid air 
cells with fat graft and fi brin glue.

CONCLUSIONS

A wide spectrum of pathologies affects the CSB posing varying degrees of 
diffi culty. Hence, a proper appreciation of the magnitude of the problem is 
essential to set up realistic goals of surgery. Strict adherence to principles of 
tumor surgery, atraumatic brain retraction, pure tumorectomy, maintenance 
of tumor contours, elimination of tumor vasculature and preservation of pas-
sage vessels and a  thorough knowledge of the anatomy are essential to success 
in surgery of the CSB [10]. Most benign CSB tumors have an indolent course 
and there are proven less invasive options for small volume tumors. Hence, 
the process of decision-making – whether and when to operate, what ap-
proach – subtotal or total, is most important yet diffi cult. Unfortunately, 
sound decision-making comes with experience and experience does not come 
without a price. Thus, an intelligent neurosurgeon would do well by learning 
from all the sources available and get a second opinion, when necessary, to 
reduce the pain of damaging a fellow human being.
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MANAGEMENT OF CAVERNOUS 
SINUS LESIONS

T. FUKUSHIMA

INTRODUCTION

Direct surgical management of the lesions in and around the cavernous sinus area 
is technically “the most diffi cult” in neurosurgery. The cavernous sinus region 
presents very complex microanatomy, which involves multiple cranial nerves, 
vital cerebral arteries, huge venous plexus and the brainstem. Before 1980, these 
lesions were nearly inoperable or with high risk of mortality and morbidity. 
Particularly, the cavernous sinus was designated as “No Man’s Land.” In the 
early 1980s, Hakuba [4] and Dolenc [1, 2] revitalized  Parkinson’s direct opera-
tive method [5] introducing both the intradural and extradural direct micro- 
operative access to the cavernous sinus. Fukushima [3]  elaborated on practical 
microsurgical anatomy around the cavernous sinus and established the concept 
of multiple triangular operative corridors to the cavernous sinus in 1986. Along 
with the new knowledge of the anatomy and micro-operative development, it 
has become feasible to perform direct surgical  approach to the majority of vas-
cular and neoplastic pathology or pro cesses of the cavernous sinus. This article 
presents the summary of the author’s  cavernous sinus surgical experience.

RATIONALE

1.  NOMENCLATURE OF THE CAROTID SEGMENTS AROUND 
THE CAVERNOUS SINUS

We have been using the system described by Fisher in 1938, which numbers 
the segments beginning from the petrous carotid segment. We make a small 
modifi cation to the original system with regard to numbering the petrous 
carotid segment (Fig. 1).

2. THE CAVERNOUS SINUS TRIANGLES

The following is the precise description of the defi nition and nomenclature of 
the cavernous sinus triangles (The Fukushima Scheme 1986) (Fig. 2).

2.1 Anteromedial triangle of Dolenc

This area is exposed by careful removal of the anterior clinoid process. This 
triangular space, the so-called clinoidal triangle is defi ned laterally with the 

Keywords: skull base lesions, tumor, aneurysm, cavernous sinus, microsurgery
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oculomotor nerve medially along the lateral margin of the optic nerve and the 
fi brous ring and C3 carotid siphon segment. The space is essentially an epi-
dural area and with the excision of the fi brous ring, dissection of the ophthal-
mic artery and hemostasis of the siphon angle as well as the medial cavernous 
sinus, most of the paraophthalmic and the paraclinoid  carotid aneurysms can 
be treated safely through this clinoidal triangle.

2.2 Medial triangle of Hakuba

This triangle is defi ned by the oculomotor nerve, fi brous ring or siphon angle 
and the posterior clinoid process. Approach through this medial triangle will 
expose the medial cavernous sinus, pituitary gland and the C4 horizontal seg-
ment of the intracavernous carotid artery. Most aneurysms of the C4 seg-

Fig. 1. The C1 segment is the intradural internal carotid artery between the posterior com-
municating artery and the carotid bifurcation. The C2 intradural segment is the area between 
the Pcom and the carotid fi brous ring. The C3 segment is the extradural clinoidal portion or 
siphon segment between the carotid fi brous ring and the true cavernous sinus membrane. The 
C4 segment is the horizontal intracavernous segment from the true anteromedial cavernous 
membrane to the genu of the cavernous carotid with the meningohypophyseal trunk. The C5 
segment is the ascending portion of the intracavernous carotid artery from the posterolateral 
fi brous ring to this meningohypophyseal trunk. The C6 segment is the petrous carotid segment 
from the infratemporal carotid canal to the posterolateral fi brous ring. This segment is the one 
to be used for direct cavernous bypass anastomosis. The C7 segment is the infratemporal verti-
cal carotid artery, which is often involved by the glomus jugulare or by glomus vagale tumors
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ment, carotid cavernous fi stulae and medial intracavernous tumors can be 
treated through this route.

2.3 Superior triangle of Fukushima

This triangle is bound by the oculomotor nerve and the 4th cranial nerve and 
is most suitable for exposure of the C4 and C5 junction and the exposure of 
the meningohypophyseal trunk. Most of the meningohypophyseal aneu-
rysms, primitive trigeminal aneurysms and cholecystocolocutaneous fi stulas 
(CCFs) can be treated through this superior triangle.

2.4 Lateral triangle of Parkinson

This is a rather narrow space bound by the 4th cranial nerve and the trigemi-
nal 1st division originally described by Parkinson for entry into the cavern-
ous sinus. This area is most suitable for access to the C5 ascending segment of 
the cavernous carotid artery.

2.5 Posterolateral triangle of Glasscock

This is the lateral half of the posterior cavernous region defi ned by the middle 
meningeal artery, posterior border of the 3rd branch of the trigeminal nerve, 

Fig. 2. The full exposure of the extradural and intradural cavernous sinus regions with 
description of the 11 cavernous sinus triangles, each of which will provide the safe micro-
surgical access into the cavernous sinus
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greater superfi cial petrosal nerve (GSPN) and the geniculate ganglion. This 
area is medial to the foramen ovale, foramen spinosum, and the lesser petro-
sal nerve. Through this triangle, the C6 segment of the petrous carotid artery 
can be exposed and has been used for the high fl ow saphenous bypass graft to 
this segment, either end-to-end or end-to-side originally described by 
 Fukushima in 1986.

2.6 Posteromedial triangle of Kawase

This triangle is defi ned by the posterior border of the trigeminal 3rd branch, 
posterior margin of the trigeminal fi brous ring or petrous apex, petrous 
ridge, arcuate eminence or superior semicircular canal, geniculate ganglion 
and the greater superfi cial petrosal nerve (GSPN). This medial anterior por-
tion of the middle fossa rhomboid area is named as the posteromedial trian-
gle of Kawase by Fukushima in 1986. The posterior portion of the rhomboid 
is composed of the premeatal triangle (IAC) and the postmeatal triangle. 
 Kawase’s triangle is actually the anterior petrosectomy to the posterior fossa 
originally described by the House group in Los Angeles and further elabo-
rated on the extended middle fossa approach by Kanzaki. The anterior 
 petrosectomy approach was utilized for neurosurgical skull base procedure 
by Kawase. Most of the infracavernous chordomas, chondrosarcomas, small 
to medium size petroclival meningiomas can be exposed and excised through 
this extended middle fossa anterior petrosectomy posterior cavernous sinus 
approach.

2.7 Posteroinferior triangle of Fukushima

This area is the small triangular corridor between the 4th nerve and the ante-
rior margin of the trigeminal fi brous ring which contains petroclinoid 
 ligament and petrosphenoid ligament of Gruber. This area is the best  approach 
to expose the abducens nerve at Dorello’s canal or tube in the cavernous 
 sinus.

2.8 Premeatal and postmeatal triangles of Fukushima

The posterior half of the middle fossa rhomboid region is defi ned by the 
geniculate ganglion, the cochlea and the internal auditory canal. The middle 
fossa approach to expose the internal auditory canal can be best performed by 
the drilling of the petrous ridge and medial portion of this rhomboid fossa. 
The internal auditory canal is well exposed with the use of a 3 mm coarse 
diamond drill. The anterior portion of the bone is premeatal triangle. The 
postmeatal triangle is defi ned between the superior semicircular canal and the 
internal auditory canal. There is no defi nitive key to identify the cochlea. I 
use two landmarks to defi ne the cochlea; about 5 mm anteromedial from the 
center of the geniculate ganglion, 1 or 2 mm posterior from the genu of the C6 
petrous carotid artery.
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2.9 Anterolateral triangle of Mullan

This is the area between the trigeminal 1st branch (superior orbital fi ssure) 
and the foramen rotundum trigeminal second branch that contains the con-
fl uence of the superior and inferior ophthalmic veins. Also, this triangle can 
be used for the packing obliteration of the carotid cavernous fi stula or for the 
exposure of the peripheral portion of the intracavernous abducens nerve.

2.10 Far lateral triangle

This is the area between the foramen rotundum and the foramen ovale between 
the peripheral portion of the trigeminal 2nd and 3rd branches. This triangle 
contains the lateral wing of the sphenoid  sinus, vidian nerve and the pterygoid 
region. Far anterior-inferiorly the maxillary sinus can be exposed and posteri-
orly the infratemporal Eustachian tube can be exposed under the lateral and 
medial pterygoid muscle. This far lateral triangle is the corridor toward the 
anterior infratemporal fossa approach for any of the infraorbital, maxillary and 
pterygoid tumors and the exposure of the epi- and parapharyngeal wall.

DECISION-MAKING

During the past three decades, from 1980 to 2007, I have operated on a total 
of 552 cases of cavernous sinus lesions, either vascular (258 cases) or tumors 
(294 cases), and 568 additional cases of petroclival tumors. Tables 1 and 2 
show the pathological process of the cavernous sinus lesions. For the direct 
operative approach to the cavernous sinus, neurosurgeons should fi rst learn 
to operate on pericavernous vascular lesions such as ophthalmic aneurysms 
or paraclinoid aneurysms. After acquiring suffi cient experience of clinical 
micro-anatomical knowledge, exposure of the cavernous sinus triangles, and 
hemostasis technique with Surgicel and bipolar, then surgeons can proceed to 
the surgery of intracavernous aneurysms, CCF and cavernous sinus tumors.

The easiest of the cavernous sinus tumors to operate is the intracavernous 
extension of the pituitary adenoma or intracavernous neuromas because the 

Table 1. Cavernous sinus aneurysms (1980–2007: 258 cases)

Cavernous giant aneurysms 77 C6-C3 Bypass 56
  EC-M2 Bypass 16
  Clipping 5
Siphon giant 5  
Clinoidal-paraclinoidal 49  
Ophthalmic 58  
Paraclinoid giant 51 Bypass 5
  Clipping 46
C4 and Meningohypophyseal 9  
Primitive trigeminal 3  
CCF Clipping, suture 6
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majority of pituitary adenomas and neuromas are soft and can be easily re-
moved by suction and ring curettes, and the tumor capsule can be readily 
separable from the neurovascular structures. Then I recommend the surgeon 
to proceed to the surgery of chordomas, chondrosarcomas and other intra-
cavernous tumors. The most diffi cult tumors to operate are meningiomas and 
cavernous angiomas. Meningiomas involving the cavernous sinus can be clas-
sifi ed into three categories; (1) the extension of the cavernous sinus infi l tration 
of the spheno-orbital and clinoidal meningioma; (2) extension and infi ltration 
of the petroclival meningioma into the cavernous sinus and (3) purely intra-
cavernous meningioma. In any category, cavernous sinus meningiomas tend 
to be fi brous, adherent and vascular and therefore, it is extremely diffi cult to 
achieve suffi cient surgical resection. In my series of 122 cases of cavernous 
sinus meningiomas, gross total resection could be achieved in only 10% of 
small to medium size softer meningiomas.

Most of the cavernous sinus pituitary adenomas can be removed through the 
medial triangle and occasionally a technique pushing the adenoma tissue from 
the lateral side with cottonoids is useful so surgeons can remove tumor from the 
medial triangle, medial to the oculomotor nerve. Most of the ganglion-type 
intracavernous trigeminal neuroma can be approached through the extradural 
lateral approach between the trigeminal 2nd and 3rd branches. The surgeon has 
to be extremely careful not to damage the oculomotor and abducens nerve and 
the intracavernous deviated and compressed internal carotid artery. Chordomas 
and chondromas can also be approached through multiple cavernous triangles, 
but mostly from the lateral and posterior transcavernous approach in order to 
keep the oculomotor and the abducens nerves intact. The majority of chordo-
mas or chondrosarcomas is soft and gelatinous and can be suctioned and re-
moved in a radical fashion by various sizes of ring curettes. Approximately 10% 

Table 2. Cavernous sinus tumors (1980–2007: 294 cases) (Benign 259, malignant 35 cases)

Meningiomas total 122: 
 Spheno-orbital clinoidal cavernous  18
 petroclival intracavernous 22
 Purely intracavernous 82

Trigeminal neuromas (ganglion type) 24
Chordoma and chondrosarcomas 41
Pituitary adenomas (cavernous extension) 32
Cavernous sinus cavernous angiomas 17
Epidermoid 12
Dermoid 4
Colloid cyst 3
Benign teratoma 4

Malignant neuromas 4
Malignant meningiomas 12
Adenoid cystic carcinoma 6
Sarcomas 9
Malignant lymphoma 4 
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of chordomas are somewhat vascular, hard with multiple fi brous trabeculae that 
hampers radical resection. Complete total resection of chordomas is usually not 
feasible (most cases are near total or radical subtotal) and postoperative proton 
beam radiation is usually indicated to prevent recurrence. Other benign tumors 
such as dermoid, epidermoid and colloid cyst are usually technically not so dif-
fi cult for the evacuation of these suckable tumors.

Cavernous sinus cavernous angioma is totally different from the caver-
noma in the brain. Cavernous sinus cavernous angioma is more similar to 
orbital cavernous angioma or similar to more vascular tumors such as heman-
gioblastoma or hemangiopericytoma. Small to medium size cavernous sinus 
angioma in this region can be approached through the lateral or posterior 
transcavernous approach or medial approach (7 cases) or through the endo-
nasal transsphenoidal route. Four cases of small cavernous angioma were 
radically resected through the transnasal transsphenoidal route. Large and 
giant angiomas (6 cases) are extremely diffi cult to eradicate. In these cases, 
postoperative cavernous sinus neuropathy is common and a large amount of 
blood loss will occur. Usually, I recommend that large and giant size cavern-
ous sinus cavernous hemangiomas are best treated fi rst by focused beam 
radiation with Cyberknife followed by surgical excision.

Cavernous sinus meningiomas are by far the most diffi cult to perform radi-
cal surgical intervention. Gross total resection can be achieved only for non-
adherent soft type meningioma, which is only 10% of the cavernous sinus 
meningiomas. Subtotal or partial resection were performed in the other 90% of 
cavernous sinus meningiomas yet the postoperative cavernous sinus neuropa-
thy with persistent double vision and trigeminal facial numbness are common; 
therefore, if the patient presents with small to medium size cavernous menin-
gioma with minimal neurological defi cit, usually observation is recommended. 
Most of these meningiomas do not grow for several years. Once the patient 
develops progressing neurological defi cit or facial numbness, pain or diplopia 
and MRI evidence of growing cavernous sinus meningioma, neurosurgeons 
have the options of moderate surgical excision or focused beam radiation such 
as Cyberknife management. Radiation to benign tumors such as meningiomas 
or neuromas carry defi nitive risk of cranial nerve neuropathy, radiation in-
duced angiopathy and possible aggressive or malignant changes in benign tu-
mors; therefore, indication of surgery or focused beam radiation are different 
for tumor type, size, extension, patient age, occupational and social background 
and the most important is the patient’s own choice of management.

SURGERY

1. OPERATIVE TECHNIQUE FOR CAVERNOUS SINUS LESIONS

Because the majority of intracavernous and pericavernous processes are in 
the frontotemporal skull base, and because the surgeon will make direct 
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operative access with the microscope in a down-looking viewing angle, orbi-
tozygomatic or transzygomatic technique is rarely needed. Most of the trans-
cavernous surgery can be performed through the standard frontotemporal 
and pterional approach. The head is rotated 45  with the vertex slightly down 
and with the neck in a moderately hyper-extended position. The Mayfi eld 
three-pin should be placed with two pins on the back side, with the upper pin 
to the mastoid body inside the hairline and the lower pin around the inion 
and the other one pin to the other side of the frontal inside the hairline in 
order to make cosmetic pin placement and to secure the head position. The 
skin incision is made from the preauricular zygomatic point, which is about 
10 mm in front of the tragus and coursing inside the hairline at the fronto-
temporal area slightly crossing over the midline (Fig. 3). The scalp is elevated 
usually in one layer for cosmesis of the frontotemporal area to protect the 
temporal muscle from surgical emaciation. Fukushima’s wide dynamic range 
retraction-holder system (Integra) greatly facilitates the operative exposure 
without any eye-ear compression (Fig. 4). In selected cases, half one-layer 
scalp elevation or two-layer elevation can be performed making the temporal 
muscle refl ected inferiorly and posteriorly and preparing the vascularized 
fasciopericranial fl ap separate from the galeocutaneous fl ap. After the scalp 
and temporal elevation, a standard frontotemporal osteoplastic craniotomy 
is performed with minimal bone loss. Usually it is recommended to use 
 Anspach E-Max II electric power drill system with 5 and 4 mm extra-coarse 
burrs making only one or two burr holes of 6 mm size and 4 mm groove de-
tachment at the pterion, orbitotemporal junction and the anterior subtempo-

Head Positioning and Design of Skin Incision

A
B 

C 

Fig. 3. A Routine pterional approach limited incision. B Incision for a larger frontotemporal 
exposure. C Extended incision for frontotemporal, orbitobasal and middle fossa  exposure
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Fig. 4. Fukushima’s wide dynamic range retraction-holder system (Integra)

Fig. 5. The orbital roof of the orbit will be shaved down until there is only a thin depress-
ible shell of bone remaining. Injury to the orbital fascia and damage to the periorbital soft 
tissue should be avoided. The temporal dura is elevated from the anterior temporal vase to 
the mid-subtemporal base

Vascularized pericranial flap
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Extradural Drilling and Shaving of the Frontotemporal Base 
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ral area. It is advised not to open the frontal sinus to avoid infection and CSF 
leak. After the elevation of the bone fl ap, we shave the orbital roof, lateral 
orbital wall and the sphenoid ridge. In the majority of cases, it is recom-
mended to fl atten and thin down the orbital wall and not to perform total 
orbital decompression (Fig. 5).

We then proceed to the drilling of the anterior clinoid process and re-
moval of the anterior clinoid process with or without optic canal unroofi ng. 
This drill work is the most important skull base procedure in the cavernous 
sinus approach. Any diamond drill heat or damage of the dura may lead to 
visual disturbance and oculomotor weakness. Essentially, the anterior cli-
noid process starts from the end of the sphenoid ridge at the meningo-orbit-
al band and usually I recommend using 4 or 3 mm coarse diamond burrs to 
make the inside of the anterior clinoid process to be halo and to shave off 
the medial half of the anterior clinoid process to detach from the optic strut 
(Fig. 6). In a majority of the cases, the sphenoid sinus medial to the optic 
nerve will not be opened. The ethmoid fi brous band will be maintained to 
secure the ethmoid artery intact. The optic canal unroofi ng should be per-
formed under running water without heat and using the so-called egg shell-

Fig. 6. Removal of the anterior clinoid process (ACP) is accomplished by internal decom-
pression with a high-speed drill, followed by dissection of the remaining thin shell. Removal 
of the anterior clinoid process provides exposure, to the anterior cavernous triangle and the 
internal carotid artery siphon. The medial limit of dural refl ection defi ned by the anterosu-
perior ethmoidal artery as it pierces the bone, passing into the orbit
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Posterior Clinoid Process Removal for Basilar Artery Exposure 

Fig. 7. The fi brous dural ring is dissected from the ICA to allow mobility of the vessel. To com  -
pletely mobilize the medial temporal dura, the fi brous ring is freed, the porus oculormotorius 
is opened, and the tentrial edge between the carotid artery and third cranial nerve is retracted 
laterally. With the dura and the arachnoid planes opened, the ICA is visualized to its bifurca-
tion. For added exposure of the basilar bifurcation, the posterior clinoid process is removed 
with a high-speed drill. Opening the membrane of Liliequist exposes the basilar artery

ing technique to protect the dura of the extradural optic nerve. The lateral 
half of the anterior clinoid process is then dissected using a sharp A or D 
rigid skull base dissector and to be removed gently twisting with alligator 
forceps. The tip of the anterior clinoid process has always fi brous adhesion 
at the bottom of the anteromedial cavernous sinus into the siphon angle and 
after the removal of the anterior clinoid process, two or three pieces of small 
moist Surgicel are necessary to pack into the siphon angle to stop 
the cavernous sinus venous bleed. The surgeon should keep in mind that the 
medial aspect of the anterior clinoid process is the optic nerve, the lateral 
aspect is the oculomotor nerve, and the bottom is the C-3 clinoidal segment 
of the cavernous carotid artery. After the secure and safe removal of the an-
terior clinoid process, then proceed to elevate the dura propria of the antero-
lateral cavernous sinus wall starting from the superior orbital fi ssure, foramen 
rotundum and toward the ovale. Using a semi-sharp 15 blade knife and A-
dissector, the dura propria can be cut and elevated at the junction of the 
superior orbital fi ssure, rotundum and the temporal dura. One must be 
 extremely careful to elevate this dura propria and not to enter into the intra-
dural space. The inner half layer of this dura covers the trigeminal nerve and 
the lateral cavernous sinus wall. Any bleed should be controlled by placing 1 
or 2 or 3 mm of small Surgicel as well as one or two seconds of short bipolar 
coagulating technique. With this extradural exposure of the lateral wall of the 
cavernous sinus, we can identify the oculomotor nerve, 4th nerve and the 
trigeminal 1st, 2nd and 3rd branch towards the Gasserian ganglion and to the 
cisterna trigeminalis. The fi brous ring around the junction of the internal 
carotid artery exists between the C2 and C3 carotid segments just around the 
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ophthalmic artery. The anterior to this carotid fi brous ring is the epidural 
space of the siphon called the C3 clinoidal segment. The majority of paraoph-
thalmic aneurysms and paraclinoid aneurysms can be safely approached 
and clipped only by exposure of this anteromedial cavernous sinus triangle. 
For adding exposure of the interpeduncular space, the posterior clinoid proc-
ess can be removed and the Liliequist membrane opened (Fig. 7).

The space between the oculomotor nerve and the posterior clinoid  process 
is named Hakuba’s medial triangle, which is the access to the C4 horizontal 
segment of the cavernous carotid artery and medially to the pituitary area. The 
space between the oculomotor and the 4th cranial nerve is named  Fukushima’s 
superior triangle and this is the best approach to expose the C4 and C5 junction 
to the meningohypophyseal trunk. The space between the 4th cranial nerve and 
trigeminal fi rst branch is the classical Parkinson’s triangle which is the best cor-
ridor for exposure of the C5 ascending segment of the carotid artery. The space 
between the trigeminal 1st branch together with the abducens nerve and the 
2nd branch that is between the superior orbital fi ssure and the foramen rotun-
dum is named as the Mullan’s triangle, which contains the venous confl uence of 
the superior and inferior ophthalmic veins. The area between the trigeminal 
2nd and 3rd branch was named as the lateral loop, which contains the lateral 
wing of the sphenoid sinus, Vidian nerve and the anterior infratemporal fossa 
towards the lateral epipharyngeal and parapharyngeal wall. The posterior cav-
ernous sinus region is called the rhomboid area which is determined by the 

Fig. 8. Bisect the angel between the lines projected along the axes of the greater superfi cial 
petrosal nerve and the arcuate eminence. Start drilling, with a medium diamond burr, along 
the midpoint of this bisection axis. The dura overlying the IAC will be identifi ed once you 
have removed approximately 3–4 mm of bone. Continue to expose the dura overlying the 
medial IAC towards the petrous ridge
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Middle Fossa: V3 Anterior Translocation

Fig. 9. At the proximal genu of the C6 petrous carotid artery, the cochlea is extremely close, 
and drilling should be stopped without going further, to the proximal carotid canal. Exposure 
of the petrous carotid artery is facilitated by the skeletonization of the peripheral branch of 
the trigeminal third division and anterior translocation of the gasserioan ganglion

Fig. 10. The frontotemporal dural can be incised in an inverted T-fashion. The falciform liga-
ment (porus opticus) is incised using a 15 or 11 blade knife at the lateral border of the optic 
nerve to decompress the optic nerve and to identify the ophthalmic artery
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posterior border of the trigeminal 3rd branch, greater superfi cial petrosal nerve 
(GSPN), geniculate ganglion and the arcuate eminence or superior semicircular 
canal, petrous ridge and the posterior point of the trigeminal fi brous ring.
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The drilling of the rhomboid area while maintaining the C6 petrous ca-
rotid laterally, cochlea and the internal auditory canal posteriorly will expose 
the posterior transcavernous approach and the posterior fossa dura to the 
infracavernous lesions such as chordomas and chondrosarcomas (Fig. 8). The 
petrous apex (“the Big Shark Tooth”) bone is located just under the  Gasserian 
ganglion. The anterior translocation of the V3 root (Fig. 9) greatly facilitates 
the removal of the petrous apex bone and the exposure of the inferior petro-
sal sinus, abducens nerve Dorello’s tube and the posterolateral fi brous ring of 
the C6–C5 junction. The Dorello’s tube is located just beneath the trigeminal 
fi brous ring at the fl oor of the inferior petrosal sinus. The petroclinoid liga-
ment, the petrosphenoid ligament (Gruber’s) and the posterior cavernous 
abducens nerve are best exposed in the posteroinferior triangle. The intra-
dural exposure can be started at the internal carotid fi brous ring at C2–C3 
junction (Fig. 10). The carotid fi brous ring is better to be excised to mobilize 
the C2–C3 segments. When the surgeon performs intradural removal of the 
anterior clinoid process or the posteroclinoid-dorsum sellae removal, 
I  recommend absolutely not to use any high speed drill, but to utilize the 
 Japanese Sonopet ultrasonic bone shaver for safety (Fig. 11).

2. OPERATIVE TECHNIQUE FOR SKULL BASE BYPASSES

• For the management of giant intracavernous aneurysms or radical resec-
tion of tumors with sacrifi ce of involved cavernous carotid artery, the sur-
geon needs to perform a carotid artery replacement with a bypass graft. 

Fig. 11. The intradural high speed drill carries some risks of catching patties, Surgicel or 
Gelform and may cause damage. In recent years, we use mostly the Sonopet ultrasonic bone 
shaver which provides extremely safe and effective anterior clinoid process removal. The 
Sonopet is compatible with cottonoids and any material in the surgical fi eld. The shaver will 
not snag patties. The best shaver tip is Tokyo tips (Tokyo claw)

Ultrasonic surgical aspirator 
 (SONOPET UST-2001)  

Tokyo claw 
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Since 1986, I have developed three types of high-fl ow skull base bypass using 
saphenous vein interposition graft. Over the two decades, I have performed 
high-fl ow saphenous bypass in 110 patients. Table 3 demonstrates the types 
of Fukushima skull base bypass and the number of operated patients.

The skull base bypass I is the saphenous vein interposition graft be tween 
the C6 petrous carotid to the paraophthalmic C2–3 segment of the  inter    nal 
 carotid artery (Fig. 12A). This was mainly used for the jump bypass as trapping 
treatment of the cavernous giant aneurysm, or after the total resection of inva-
sive cavernous sinus tumors to establish the internal carotid circulation. The 
surgery is performed through a routine frontotemporal pterional craniotomy. 
Then extradural temporopolar approach can be performed to expose the entire 
cavernous sinus with drilling of the middle fossa rhomboid to expose the C6 

Table 3. Surgical approaches for petroclival meningioma (1980–2007: 310 cases)

1.  Combined petrosal (with retrolabyrinthine, translabyrinthine, 
or transcochlear temporal exposure)

113 (36.5%)

2.  Retromastoid (with or without combined transcondylar 
exposure)

110 (35.5%)

3.  Frontotemporal (with transcavernous or pericavernous 
dissection)

  35 (11.3%)

4.  Middle fossa (preauricular subtemporal with anterior 
 petrosectomy)

  32 (10.3%)

5.  Pre/Post-auricular with total petrosectomy (with  translabyrinthine, 
transcochlear, or transotic)

    9 (2.9%)

6. Transmastoid, extended translabyrinthine   11 (3.5%)

Operative Technique of C6-C3 Saphenous Vein Interposition Graft Bypass 
(Fukushima Skull Base Bypass I)  

Saphenous
vein graft

Internal
carotid artery

External
carotid artery

Common
carotid artery

Middle cerebral artery

Anterior cerebral artery

Ophthalmic
 artery

Fig. 12A. The saphenous vein is passed through a small dural incision from the subtemporal to 
the clinoidal area under the temporal lobe. After occluding the proximal carotid artery by pack-
ing a small cottonoid into the carotid canal, the carotid artery is ligated under the gasserian 
ganglion at the C6-C5 junction. Then, the petrous carotid is incised and end-to-end anastomo-
sis is performed with the saphenous vein, using 8-0 monofi lament nylon interrupted sutures
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petrous carotid under the greater superfi cial petrosal nerve (GSPN) [6] and 
the anteromedial cavernous triangle after the removal of the anterior clinoid 
process and optic canal unroofi ng. In many cases, I perform minimally invasive 
approach without retracting the temporal lobe just by exposure of the antero-
medial triangle and the petrous carotid exposure. The saphenous vein is then 

Fig. 12C. 21F college student. Right: combined intracavernous giant aneurysm and para-
clinod large aneurysm. EC to M2 bypass with trapping procedure. She is cured and living well 
now nearly for 10 years

a b c

Fig. 12B. 85M The oldest patient in this series; patients with painful opthalmoplegia. He was 
cured by bypass
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passed through a small dural incision at the subtemporal base with mostly end-
to-end anastomosis at the petrous carotid segment and end-to-side anastomosis 
to the paraophthalmic segment (Fig. 12B). After performing 56 cases of this 
bypass for giant aneurysms, I encountered 7% incidence (4 cases) of visual 
defi cit due to the temporary clip to the ophthalmic artery during the paraoph-
thalmic anastomosis. Therefore, the surgeon has to be extremely careful for 
the temporary clipping of the ophthalmic artery, which may cause ischemia of 
the central retinal artery. In my current practice, I prefer more the skull base 
bypass III using the external carotid to the M2 saphenous vein graft technique 
(Fig. 12C). The EC to M2 bypass through the submandibular, subzygomatic 
pterygoid to the anterior subtemporal fossa route is the shortest secure and safe 
technique to the Sylvian area.

The skull base bypass II is the external carotid to the submandibular 
pterygoid subzygomatic route to the C6 petrous carotid bypass. This in-
fratemporal bypass can be used for the repair of high cervical and infratempo-
ral aneurysms and radical resection of infratemporal tumors such as carotid 
body tumor or glomus vagale tumors.

Table 5. “Fukushima bypass” 110 cases (1986–2007)

1. Fukushima bypass I (C6 to C3 saphenous bypass) (70 cases)
 cavernous giant aneurysms 56 cases
 C3 siphon stenosis  1
 tumor-meningioma  6
 malignant tumor (chordoma, glioma)  7
2. Fukushima bypass II (EC to C6 infratemporal bypass) (16 cases)
 infratemporal high cervical aneurysms  6
 glomus tumor-carotid body  4
 glomus vagale  3
 meningioma  3
3. EC to M2 saphenous bypass (21 cases)
 cavernous giant aneurysms 16
 IC distal aneurysms  5
4. EC to P2 saphenous bypass (3 cases)

Table 4. Mortality and post operative neurological defi cits (1993–2007: 310 cases)

Mortality 1 (0.5%)
Bed Ridden 2 (both malignant)
Patients with any defi cit 62 (20%)
Hemiparesis 17 (5.5%)
Unsteadiness 11 (3.5%)
III 14 (4.5%)
IV 12 (3.8%)
VI 18 (5.8%)
V (dysesthesia) 25 (8.0%)

VII 16 (5.1%)
VIII 21 (6.8%)
IX/X 18 (5.8%)
XII 2 (0.6%)
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The skull base bypass III is indicated for any cavernous sinus vascular or 
neoplastic lesions, if the lesion involves the petrous carotid artery. The saphe-
nous vein is anastomosed to the external carotid artery end-to-side at the 
submandibular region and the saphenous vein can be passed through the sub-
mandibular through the pterygoid and subzygomatic route to the subtempo-
ral area between the V2 foramen rotundum and V3 ovale with the chest tube. 
Distally, the saphenous vein is anastomosed end-to-side to the M2 segment 
usually posterolateral M2 trunk in the sylvian fi ssure. This bypass is techni-
cally much easier than any of the other skull base bypasses yet provides im-
mediate high-fl ow and virtually no risks of visual defi cit. Currently, this skull 
base bypass III EC to M2 saphenous vein graft is the major high-fl ow skull 
base bypass for the management of cavernous sinus pathology.

How to avoid complications. Operative results of 110 bypass cases over 
the past two decades were excellent. There were no mortality and the mor-
bidity rate was 7% for visual defi cit and 3.6% for hemiparesis. A 65-year-old 
female had a calcifi ed paraophthalmic carotid artery and anastomosis after 
microendarterectomy resulted in occlusion and hemiplegia. If the surgeon 
observes thick atherosclerosis or calcifi ed wall, never make anastomosis. One 
patient showed hemiparesis by sylvian clot, a 16-year-old girl had a very small 
M2 branch and the bypass occluded and the other 60-year-old man had a col-
lision fl ow and congestive hyperperfusion by bypass, resulted in hemiplegia. 
If the recipient’s vessel is smaller than one third of the saphenous vein, the 
surgeon should select a more proximal larger vessel. When the EC-M2 high-
fl ow bypass is established, the surgeon must immediately occlude the internal 
carotid artery at the neck to avoid overfl ow phenomenon of the middle cer-
ebral arterial territory. I use 1000–5000 units of Heparin IV during surgery 
and give patients Lovenox protocol and coated aspirin postoperatively.

3. OPERATIVE TECHNIQUE FOR PETROCLIVAL LESIONS

Skull base tumors arising from the petroclival area remain the most diffi cult 
and challenging surgical problem in neurosurgery due to the involvement of 
multiple cranial nerves and vascular structures as well as adhesion to the 
brainstem.

From 1980 to the end of 2007, I have operated upon a total of 568 cases of 
petroclival tumors (meningiomas 419, trigeminal neuromas, either root type or 
dumbbell type 72 cases, petroclival chordomas 65 cases and giant epidermoid 
tumor involving supra and infratentorial cerebellopontine angle 12 cases).

• The combined petrosal approach was developed and elaborated by 
Japanese neurosurgeons such as Hakuba and myself in the early 1980s. 
Professor Hakuba operated through a partial labyrinthinectomy transpetrosal 
approach and I developed a retrolabyrinthine hearing preservation so-called 
para-petrosal approach around 1985. The surgeons who wish to operate on 
large petroclival meningiomas must have precise understanding of the con-



147

MANAGEMENT OF CAVERNOUS SINUS LESIONS

temporary skull base microanatomy, precise hemostasis technique and suffi -
cient experience through the transtentorial exposure in order to eradicate the 
meningioma in a radical fashion. The majority of patients with petroclival men-
ingiomas still have good hearing; therefore, the retrolabyrinthine combined 
supra- and infratranstentorial approach must be performed through the pre-
sigmoid and subtemporal dural incision. Usually the patient is positioned in a 
Fukushima lateral position with the head supported with a three-pin head 
clamp with moderate fl exion, vertex down and with suffi cient space between 
the neck and the lower arm. The nose should be rotated slightly upward in or-
der to avoid the shoulder obstructing the surgeon’s left hand performance. 
Most of the time we use a large C or L shaped scalp incision and the galeal cu-
taneous fl ap is fi rst elevated. The vascularized fascial pericranial graft usually is 
taken with the pedicle around the anterior subtemporal lesion. Then the suboc-
cipital muscle is divided and the temporal muscle is refl ected anterior inferiorly. 
I recommend fi rst to identify the outer mastoid triangles from the posterior 
point of the route of zygoma, asterion, digastric groove and mastoid tip. The 
outer mastoid triangle surface mastoid bone is shaved using a 6 mm cutting burr 
with maximum thinning of the posterior wall of the external ear canal and skel-
etonization of the thick transverse sigmoid and jugular bulb. After the initial 

Skin incision 

“?” or “L” shape 

Fukushima lateral position 

Positioning and Skin Incision

Fig. 13. The head is then placed in three-point fi xation and positioned in such a manner as 
to keep the nose parallel with the fl oor and the cranial vertex tilted slightly down towards 
the fl oor. This position of the head allows access to the middle fossa, the cerebello-pontine 
angle, the mastoid process, the petrous temporal bone, and the far lateral skull base extend-
ing down to the foramen magnum and upper cervical spine
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bone removal, the surgeon should use 5 or 4 mm extra coarse diamond burr to 
further shave and decompress the sigmoid sinus and presigmoid dura. Then the 
surgeon should change to the 3 mm coarse burr. The mastoid antrum is shaved 
to identify the lateral semicircular canal, posterior semicircular canal and then 
the superior semicircular canal. The temporal tegmen must be entirely removed 
to identify and to dissect the soft posterior temporal dura from the sinal dural 
angle to the aditus. It is not necessary to skeletonize the facial nerve; however, 
one has to identify the pink line of the facial nerve fallopian canal, stylomastoid 
foramen and genu to protect the facial nerve and not to make any facial weak-
ness postoperatively. After the skeletonization of the temporal tegmen, sinal 
dural angle, transverse sinus and presigmoid dura, then a large L shaped osteo-
plastic craniotomy should be performed from the anterior middle, posterior 
temporal, occipital and suboccipital craniotomy without dural rupture. You 
should then proceed to the subtemporal dural elevation to identify the middle 

Clinical Case: Bone Landmark and Craniotomy

Subtemporal groove 
drilling 

Root of zygoma

Suboccipital  
groove drilling 

INL 

SNL 

Asterion

Supramastoid crest

Fig. 14. Small burr holes (7 mm) are made using an ANSPACH extra coarse 5 mm diamond 
burr on the temporal squama in preparation for cutting the craniotomy. It is important to rec-
ognize the projection of the root of zygoma posteriorly, known as the supramastoid crest. An 
extension of this crest passes through the asterion toward the inion. This extension forms the 
superior nuchal line, which is a critical external landmark to defi ne the temporal basal dura 
(temporal tegmen). Then, anterior temporal, subtemporal and inferior suboccipital grooves 
are drilled with a 4 mm diamond burr to detach the anterior-inferior and suboccipital inferior 
ends of the craniotomy fl ap (craniotomy cannot reach this area). Next, using the craniotome, 
an “L” shaped incision is made connection the superior end of the anterior temporal and the 
posterior end of the retrosigmoid grooves
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fossa rhomboid to remove the entire petrous ridge. Skeletonized the trigeminal 
third branch from the trigeminal fi brous ring to the foramen of ovale, identify 
the greater superfi cial petrosal nerve (GSPN) and the C6 petrous carotid and 
anterior petrosectomy to expose the posterior fossa dura and the inferior pet-
rosal sinus. The key anatomical point is the superior semicircular canal, which 
must be skeletonized and the petrous ridge has to be shaved maximally to iso-
late the superior canal to the ampulla and then further drill off the postmeatal 
and premeatal triangle to skeletonize the internal auditory canal in the middle 
fossa yet preserving the geniculate ganglion and the cochlea. Figure 13 shows 
the positioning of the patient and design of the skin incision. Figure 14 shows 
the clinical example of the galeocutaneous fl ap, temporal muscle elevation 
and the bony landmark around the lateral skull base, posterior point of root of 
zygoma, squamosal point, supramastoid ridge, external auditory canal, digastric 
groove, asterion, superior nuchal line and the inferior nuchal line. Figure 15 
shows the skull base drill procedures of the mastoid triangle skeletonizing the 
transverse, sigmoid sinus, jugular bulb, presigmoid dura and maximum skele-
tonization of the semicircular canal. Figures 8 and 9 demonstrate the extradural 
subtemporal exposure of the middle fossa rhomboid space and the anterior 
petrosectomy as well as the exposure of the internal auditory canal between the 
trigeminal third branch, GSPN, geniculate ganglion, cochlea, superior semicir-
cular canal and the petrous ridge. After completing the mastoid drilling and 

Root of zygoma 
Asterion

Mastoid tip 

Mastoid Triangles and Drilling

C

B 
A 

Fig. 15. A Outer mastoid triangle: Asterion – Root of zygoma posterior point – Mastoid tip. 
B Inner triangle: Sinodural angle – Aditus – Digastric ridge. C Macewen’s triangle, suprameatal 
triangle (Mastoid antrum)
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middle fossa exposure, the dura must be incised in the middle of the presigmoid 
dura from the supra-jugular point passing the endolymphatic sac and then the 
surgeon ligates the superior petrosal sinus about 1 cm from the transverse and 
sigmoid sinus junction. A subtemporal dural incision is then continued along 
the tentorial attachment (Fig. 16A). In that way, the surgeon can protect the 
temporal lobe with dural coverage (Fig. 16B). The best protection of the cere-
bellum and the temporal lobe is the dura. This curvilinear incision is suffi cient 
to have the operative space posterior to the semicircular canal. The incision 
along the transverse sinus must not be performed because such an incision will 
damage the vein of Labbe. The most important issue in surgery of petroclival 
meningiomas is the coagulation and detachment of the posterior tentorial dura 
from the superior petrosal sinus with 90  vertical deep towards the tentorial 
edge and thereby identifying and separating the 4th nerve. Then the tentorial 
edge is liberated from the arachnoid, 4th nerve, posterior cerebral artery and 
possibly the superior cerebellar artery. While making precise hemostasis,  elevate 
the dura propria of the subtemporal outer layer from the foramen rotundum 
and foramen ovale to expose the trigeminal post ganglion rootlet and the 
 Gasserian ganglion. Then excise the trigeminal fi brous ring from the lateral 
posterior corner to the medial corner. That is the junction of the tentorium to 
the posterior cavernous sinus. At this point, dissect the 4th nerve from the du-
ral entrance about 7 mm using a 15 blade knife. From the intratentorial 4th 
nerve, the incision goes laterally to join the fi brous ring while making hemos-
tasis of the tentorial feeders to the meningioma. With Surgicel packing towards 

Dural Incision, Transtentorial Exposure, and Intradural Dissection 

      Dural incision 

B

A

Fig. 16. Left: retrolabyrinthine combined parapetrosal approach. Typical dural incision and 
exposure of the Fukushima para-petrosal approach (A). A picture after the resection of the 
petroclival meningioma (B)
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the superior petrosal sinus and the posterior cavernous sinus, this posterior 
cavernous sinus detachment of this tentorium and actual resection of this pet-
roclival area of the tentorium will make signifi cant devascularization to the 
petroclival meningioma. The trigeminal preganglionic root should be separated 
from the meningioma and further the posterior cavernous and petroclival 
devascularization and detachment of the meningioma is conducted. Further 
devascularize the meningioma. The surgeon must be very careful with the ab-
ducens nerve entrance which is right beneath the inferior trigeminal fi brous 
ring and at the level of the inferior petrosal sinus fl oor. Usually the meningioma 
should be decompressed with the Sonopet tumor remover and further devascu-
larized. After suffi cient multiple stage coring and debulking of the meningi-
oma, then the meningioma capsule can be separated from the posterior  temporal, 
from the cerebellum and then further from the brainstem. The facial nerve 
should be identifi ed using the NIM facial nerve monitor and carefully observe 
the auditory brainstem response. At the caudal pole of the meningioma, the 
surgeon has to be very careful to separate the anterior inferior cerebral artery 
(AICA) branches and then further to identify the proximal  portion of the 
abducens nerve. About 25% of petroclival meningiomas, particularly large 

Total Petrosectomy Exposure
(cadaver left side) 

Basilar artery 9, 10, 11th 

nerveJugular bulb 

Stylomastoid  

foramen 

Facial nerve 

Sigmoid sinus

AICA 

V 

IV 

III 

Dorello’s canalVIClivus

C7

C6

Fig. 17. At this moment, the petrous portion of ICA (C6–C7 segment), the basilar artery and 
lower cranial nerves can be seen. The Dorello’s canal is composed of two ligaments: the pet-
rosphenoid ligament and the Gruber’s ligament in which the abducens nerve passes
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and giant tumors have signifi cant fi brous adhesion with the brainstem. If the 
adhesion is signifi cant, I recommend leaving a thin capsule of the  meningioma 
with the brainstem surface to avoid brainstem damage and particularly de-
struction of the pontomesencephalic basilar perforators. Any aggressive dis-
section will lead to hemiparesis and ataxia. Figure 17 demonstrates total 
 petrosectomy exposing the C6 and C7 carotid artery with partial clivectomy 
and total skeletonization and rerouting of the entire facial nerve over the jug-
ular bulb. The entire surgical procedure from the scalp incision, preparation 
of the vascularized fascial pericranial graft, craniotomy and mastoid middle 
fossa skull base procedure and resection of the meningioma in most cases 
takes 6–15 hours of surgical time. If the tumor is more vascular and  fi brous 
with engulfment of the  cranial nerves and vascular structures, surgery may 
take over 15 hours; therefore, large, large-giant and diffi cult petroclival menin-
giomas currently are performed using an extradural procedure of the mastoid 
and craniotomy the day before the operation with continuous lumbar spinal 
drainage. The second day a middle fossa procedure is performed with extra-
dural temporal retraction. Then proceed to the meningioma resection in order 
to avoid surgeon  fatigue.

• How to avoid complications. So far, for the past fi ve years, with this 
two-staged combined petrosal approach, I have never seen any signifi cant 
incidence of infection or meningitis. Infection, meningitis and cosmetic de-
formity occur solely due to the surgeon’s inability to close the dura water-
tight. The technique of abdominal fat grafting and the use of vascularized 
pericranial grafting should be used. Always perform the harvest of the ab-
dominal fascia and the abdominal fat. The abdominal fascia should be long 
and large to stitch to the temporal and presigmoid dura so with the jugular 
bulb, semicircular canal and middle fossa rhomboid there is no dura remain-
ing. A long strip of micro-plate where the lateral edge of the fascial graft can 
be sutured should be used and then fi xed this with two screws to the skull 
base bone. Then you should use Surgicel, fi brin glue and then abdominal fat 
grafting. At this point, use the vascularized pericranial graft. Over the vascu-
larized pericranial graft, apply several pieces of abdominal fat graft. Then 
large Surgicel and fi brin glue are applied. With this triple watertight closure 
technique, it is extremely rare in my practice to see CSF leak, meningitis or 
any cosmetic deformities. Even though I operated on over 400 cases of petro-
clival meningioma, the risk is not zero. I had one case of mortality in a young 
35-year-old patient on whom I separated the very adherent capsule from the 
basilar tip and the P1 P2 proximal segment. I had several perforators bleed. 
That was my inappropriate judgment to remove a non-separable capsule from 
the basilar tip area. The patient had a midbrain infarction. Both patients with 
malignant petroclival meningioma had unfavorable outcomes. About 5% of 
patients may have persisting hemiparesis, unsteadiness, or some cranial nerve 
defi cit. I have 20% of cases with patients with some defi cit; however, 80% of 
the patients had excellent outcomes.
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CONCLUSIONS

To conclude this chapter, I wish to stress the importance of continuous learn-
ing of skull base microanatomy and at least one or two cadaver dissection 
experience every year to refresh the surgeon’s dissection technique and learn 
the refi ned and newer techniques and developments. Even as an expert, I am 
still involved in three or four cadaver dissection demonstrations every year. 
Every time I perform cadaver dissection and practice the skull base approach-
es and procedures, I still learn new things. The key issue, even with me-
ningiomas, chordomas or other invasive tumors in the cavernous sinus or 
petroclival region, is the surgeon’s experience and accurate decision as to how 
much can be removed for total resection, near total resection or radical total 
resection. With extreme care to preserve all neurovascular structures and the 
brainstem surface, the surgeon must know normal practical clinical micro-
anatomy, variation of normal anatomy and abnormal displaced anatomy of 
the neurovascular structures by the tumors.
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MANAGEMENT OF CONVEXITY 
MENINGIOMAS

E. SAMAHA

INTRODUCTION

Convexity meningioma over a nonfunctional area, is considered as the fi rst 
intracranial tumor candidate to be a resident case. This chapter presents the 
details that could constitute the basis for the management of all intracranial 
meningiomas, whatever their locations. If I had to summarize this chapter in 
a sentence, I would say: Avoiding complications means paying consistent at-
tention to details.

Historically, the fi rst published case of a successfully operated meningioma 
was done by Pecchioli [12]. Cushing and Eisenhardt, who are considered the 
real pioneers in this fi eld, introduced the electric coagulation in operating such 
tumors and published a series of 313 cases [4]. The diagnosis and the preopera-
tive strategy have been greatly facilitated by the introduction of the computed 
tomography (CT) scan of the brain by Hounsfi eld in 1972 and of magnetic 
resonance imaging (MRI) in 1980, giving more confi dence to neurosurgeons.

RATIONALE

The genetic basis for the development of meningiomas was fi rst revealed in 
1967 by K. D. Zang, who demonstrated the loss of one copy of chromosome 
22 in 50% of the patients with meningiomas [17]. Thereafter, other chromo-
somal abnormalities have also been detected in atypical and anaplastic menin-
giomas mainly in chromosomes 1, 10, and 14.

Meningiomas are benign tumors originating from the meninges. The latter 
are formed by three layers: the dura mater (i.e., pachymeninx), the arachnoid, 
and the pia mater (leptomeninges). Cerebrospinal fl uid (CSF), circulating in 
the subarachnoid space, is absorbed mostly by the arachnoid villi, which 
protrude into the venous sinuses. Arachnoid granulations and Pacchionian 
bodies are larger and more pronounced versions of arachnoid villi. It was sug-
gested that meningiomas may develop from the neural crest, the fi broblast of 
the dura, or the pial cells. But most authors found that meningiomas mainly 
originate from arachnoid cap cells, wherever they are located, especially the 
cells of arachnoid villi [8] (Fig. 1).

Keywords: convexity meningiomas, management of meningiomas
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Regarding their epidemiology and genesis, meningiomas represent 15– 20% 
of intracranial tumors. Their annual incidence is approximately 2 per 100,000 in 
the general population. They increase with age and commonly occur in the 
fourth to sixth decades of life. Females have meningiomas more often than 
males, at a ratio of 2:1. This sex distribution is not valid for the pediatric popu-
lation [7]. The consistence of convexity meningiomas varies from soft to rock 
hard. They constitute 20–35% of all intracranial localizations. Donnell et al. 
were the fi rst to describe the presence of female hormone receptors in menin-
gioma cell membranes, thus probably explaining the higher incidence of these 
tumors in women [5]. In addition, the presence of progesterone receptors may 
explain the increase in growth of meningiomas during pregnancy and their high 
association with breast cancer. The etiology of meningiomas like that of other 
brain tumors is unknown. Virus and trauma have been suggested [1], without 
suffi cient evidence. On the other hand, Umansky et al. published a review arti-
cle confi rming the causative role of low- and high-dose radiation in the devel-
opment of meningiomas, especially during childhood [15].

Convexity meningiomas may arise from any part of the cranial convexi-
ties. The parasagittal region along the coronal suture and the frontotemporal 
junction are the sites of predilection of this localization. If located anteriorly, 
they may remain clinically silent while growing to large size, and then they 
manifest by signs of intracranial hypertension. Epilepsy and focal neurologic 
signs are common for the other locations.

Convexity meningiomas on CT scan and MRI manifest as enhanced extra-
axial brain tumors, sharply limited, and based against the dura margin. MRI 

Fig. 1. Description of the arachnoid villi and the relationship of arachnoid cap cells (the 
origin of meningiomas) with neighboring structures
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is defi nitely more useful in demonstrating the surrounding edema, the aspect 
(cystic or lobulated), the tumor–cortex interface and its relationship to neural 
and vascular structures. Bone reacts to neighboring meningiomas or it may be 
invaded by it. The dura enhancement adjacent to the meningioma attachment 
is called “tail sign”; it is specifi c for meningiomas in 90% of cases. This part 
of the dura has been studied histologically and it seems not always specifi c for 
infi ltration of the dura by meningioma cell nests.

According to the literature, there are several pathologies that can mimic 
convexity meningiomas on MRI, such as lymphomas, plasmocytomas, carci-
noid tumor, solitary fi brous tumor, and dural metastasis [5]. Convexity 
hemangiopericytomas are undistinguished clinically, radiologically, and op-
eratively from angiomatous meningiomas. The behavior of the latter tumors 
(aggressiveness), the prognosis, and the modalities of their treatment are com-
pletely different, rendering anatomopathological differentiations mandatory.

In 2000, the World Health Organization (WHO) classifi ed meningiomas 
on the basis of microscopic aspects, their risk of recurrence, and aggressive 
growth [10] (Table 1), atypical and anaplastic meningiomas having a much 
higher tendency to recur.

DECISION-MAKING

The management of asymptomatic convexity meningiomas essentially depends 
on their natural history, growth, and the assessment of the potential postopera-
tive complications. These tumors appeared to show minimal (less than 1 cm3) or 
no growth over periods of time measured in years. Operative morbidity is about 
6% for patients whose asymptomatic tumors were located at the convexity. 
Conservative treatment with close clinical and MRI follow-up may be a thera-
peutic strategy for asymptomatic convexity meningiomas [16]. The radical treat-
ment of convexity meningiomas is complete resection. However, Kondziolka 
et al. propose radiosurgery as an effective treatment choice for symptomatic 
small- to medium-sized meningiomas [9]. In 1957, Simpson introduced a fi ve-

Table 1. Classifi cation of meningiomas grouped by likelihood of recurrence and grade

Grade I Grade II

Meningothelial meningioma
Fibrous (fi broblastic) meningioma
Transitional (mixed) meningioma

Atypical meningioma
Clear cell meningioma
Chordoid meningioma

Psammomatous meningioma
Angiomatous meningioma Grade III

Microcystic meningioma
Secretory meningioma

Rhabdoid meningioma
Papillary meningioma

Lymphoplasmacyte-rich meningioma
Metaplastic meningioma

Anaplastic (malignant)
meningioma
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grade classifi cation of the surgical removal of meningiomas [13] (Table 2), affect-
ing the prognosis and the degree of recurrence. This grading system, among 
others more recent, remains the most applicable. Grade zero was added to the 
Simpson grades for a removal of additional 2 cm from the dural margin.

The surgical decision depends on the natural history of the convexity 
meningioma, general status of the patient, clinical picture, and size of the 
meningioma. The day before surgery, the operative procedure strategy is 
planned on the basis of details provided by MRI images. The inspection of 
these images is important and different from that by the radiologist. The lat-
ter essentially searches the diagnosis, the neurosurgeon the approach. The 
neurosurgon examines the images for the following:

   location of the tumor (any effort must be made to localize the limits of 
the meningioma with respect to the anatomic landmarks like the coro-
nal suture, the pinna of the ear, the midline, and the vertex);

   size and shape of the tumor and presence of abundant vascular struc-
tures inside it indicated by void signal (the thickened enhanced linear 
structure or “tail” seen in 60–70% is noted [6]);

   status of the normal vessels (sylvian branches, Trolard and Labbé 
veins) in the periphery of the meningioma and presence of other ves-
sels on the surface of the cortex.

Study of the angiographic results is most useful to evaluate participation of 
the pia mater in the arterial supply and consequently the cleavability of the tu-
mor [2, 14]. However, we do not believe that preoperative angiography may 
change the intraoperative techniques especially with the availability of recent 
noninvasive imaging techniques like MR angiography (arterial and venous 
time). In our department, we perform angiography only for huge tumors in 
consideration of eventual preoperative embolization. In such cases, surgery is 
usually done within 48 hours of the embolization. In the absence of contraindi-
cation and when cerebral edema is present in the periphery of the meningioma, 
steroids (methylprednisolone) are given 48 hours prior to surgery and con-
tinued for the perioperative period associated to antacid gastric protection. 
Administration of anticonvulsant drugs is initiated before surgery.

Table 2. Simpson grade [13]

Grade I Macroscopically complete tumor removal with excision of the tumor’s 
attachment and any abnormal bone

Grade II Macroscopically complete tumor removal with coagulation of its dural 
attachment

Grade III Macroscopically complete removal of the intradural tumor without 
resection or coagulation of its dural attachment or extradural 
extensions

Grade IV Subtotal removal of the tumor
Grade V Simple decompression of the tumor
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SURGERY

1. PREOPERATIVE PREPARATION IN THE OPERATING ROOM

The preoperative antibiotic protocol is administered (Cefuroxime, 1.5 g) upon 
induction of anesthesia and half of the initial dose is given every four hours 
until the end of the intervention. A radial artery catheter and an in-dwelling 
Foley catheter are inserted. Compressing stocking or thigh-high alternating 
compression air boots are placed and started.

For convexity meningiomas, the neurosurgeon’s aim is Simpson grade 
zero to one resection. A close coordination with the anesthesiologist con-
cerning the particularities of the different steps, the risk of bleeding, and the 
desired systemic parameters is necessary.

2. OPERATIVE TECHNIQUE

The patient’s positioning aims at the presumed center of the convexity menin-
gioma to be uppermost in order to avoid brain retraction. For tumors anterior 
to the coronal suture, the supine position is adopted with variable rotation of 
the head depending on its laterality. For tumors situated behind the coronal 
suture, the lateral position is chosen. The prone position is reserved for the oc-
cipital convexity meningiomas close to the midline. The head is fi xed with a 
three-point skeletal fi xation head rest (Mayfi eld) in a manner that the scalp over 
the center of the meningioma will be the highest point of the head.

The preparation of the scalp is done the day before and in the morning of 
the intervention by twice antiseptic shampooing, without any shaving; and 

Fig. 2. Parietal left meningioma. The presence of cerebral parenchyma between the sagittal 
sinus and the falx on one side (white arrow) and the tumor on the other side, differentiates 
this convexity location from the parasagittal and the falcorial ones. Note the “tail sign” at 
the external edge of the tumor (black arrow)
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then the scalp is covered with sterile dress. A horseshoe-shaped line sur-
rounding the estimated location of the meningioma is drawn, with its base 
facing down to preserve vascularization of the cutaneous fl ap. The incision is 

A

B
Fig. 3. A The pericranium is prepared at the beginning of the intervention; it later replaces 
the dura invaded by the meningioma. Multiple burr holes are made far enough from the es-
timated periphery of the meningioma. B The dura is opened around the meningioma. While 
opening, great care is taken to avoid injury to the veins draining the cerebral hemispheres. 
Dura is kept attached to the tumor for eventual further traction. Early tenting avoids epi-
dural bleeding along the intervention
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made in such a manner to allow a generous exposure of the tumor with the 
possibility to remove the surrounding dura at least for 2 cm of the border of 
the meningioma, when possible. Just the region of the skin incision is shaved, 
with a width of 2–3 cm. After scalp infi ltration with a lidocaine-adrenaline 
mixture if there is no contraindication to adrenaline, the incision is made. The 
skin of the scalp is totally hidden by clips and the fl ap is retracted. The pericra-
nial tissue is separated from the skull and prepared for the further replace-
ment of the infi ltrated dura. The bone bleeding over the meningioma is easily 
controlled with bone wax, and this bleeding is different from the one coming 
from the surrounding region.

In general, this step of craniotomy (Fig. 3A) is hemorrhagic, mostly for 
huge angioblastic convexity meningiomas. The burr holes are placed 1–2 cm 
around the periphery of the tumor (estimated before surgery in planning the 
incision according to the MRI) and are more numerous than for a classic bone 
fl ap craniotomy. The dura is separated from the overlying bone to join burr 
holes. The free bone fl ap is gently but quickly detached to avoid consistent 
loss of blood. Then, a particular bleeding from the underlying infi ltrated dura 
is noted and the control of the major feeder vessels is done: Distal branches of 
dural vessels supplying the meningioma are controlled with bipolar coagula-
tion or with hemoclips, in cases when preoperative embolization was not 
performed. Continuous normal saline irrigation with a syringe on the dura 
facilitates identifi cation of the source of the bleeding to be coagulated. Gel-
foam over a wet gauze applied for a few minutes on the dura stops the moder-
ate oozing. If the tumor invades largely the inner and outer table, we advise 
to leave a part of the bone attached to the meningioma and to detach the bone 
fl ap around it. In elderly patients, the bone fl ap separation is more compli-
cated due to the attachment of the dura to the inner table. In such cases, espe-
cially when the bone fl ap is involved by the tumor, it can be taken in more 
than one piece. The dura mater in convexity meningiomas is very well irri-
gated due to angiogenesis induced by the tumor and bleeding from the epi-
dural space is particularly abundant. Thus, before its opening, the superfi cial 
layer of the dura must be held with tight sutures to pericranial tissue or to the 
bone at the craniotomy margin. In some rare cases of convexity meningiomas, 
the vascularization of the bone is exceptionally important. In such cases, a 
rapid craniectomy with progressive control by bone wax is mandatory to 
avoid massive bleeding. The anesthesia team must be informed and prepared to 
this hemorrhagic period. In such a case, the bone fl ap is replaced, at the end of 
the surgery, by a confection of a prosthetic cranioplasty. Just after the detach-
ment of the bone fl ap and while performing hemostasis, the neurosurgeon as-
sesses subjectively the intracranial pressure and the tension of the brain and 
evaluates the utility of a charge dose of mannitol and/or Pentothal.

Once there is a clean operative fi eld, gentle palpation often gives an indica-
tion of the limits of the tumor and allows to evaluate the tension of the intra-
cranial compartment. When this later becomes acceptable, the dura is opened 



162

E. SAMAHA

laterally to the meningioma and around it. While opening the dura, the sev-
eral feeder vessels are coagulated before cut; sometimes, these vessels need to 
be controlled with hemoclips; great care is taken to avoid injury to the veins 
draining the cerebral hemispheres. The dura is left attached to the tumor, 
which helps, along the procedure, to apply a moderate outward traction.

For tumor resection (Fig. 4), the operating microscope is always used. Only 
small to medium convexity meningiomas with large attachment base may be 
removed in one piece. In most cases it is wise to adopt the internal decompres-
sion method. Autostatic retraction is not recommended; this might aggravate 
the situation of the brain already compressed and edematous. Alvernia and 
Sindou [2] attempted to describe the value of neuroimaging in predicting the 
surgical plane of cleavage and found that the possibility to achieve an extrapial 
resection in this extraparenchymal tumor was approximately 43% of cases. 
Under high magnifi cation the surrounding normal cortical veins as well as the 
entries to the extrapial plane are identifi ed. Mild pressure is made against the 
capsule and then the arachnoid and vascular attachments after coagulation are 
divided. This maneuver is done in a circumferential manner. Cerebral tissue is 
gently separated from the capsule by using bipolar forceps and fi ne aspiration 
over small cottonoids. Adherences and tumor vessels encountered are coagu-
lated with bipolar cautery and divided with microscissors. Every separated area 
is protected with a moistened cottonoid.

When the traction starts to be hard on the tumor, internal decompression 
is done with an ultrasonic aspirator or sometimes laser. Major bleeding iden-
tifi ed inside the tumor should be coagulated. Then the capsule can be re-
fl ected away from the cortex easily, facilitating a forward separation deeply in 
the cortex–tumor plane. During dissection, tight attachments mean impor-

Fig. 4. After internal decompression, the capsule can be refl ected away from the cortex 
more easily. Tight attachments mean important vascular adherences; in such situations, we 
have to gently turn around, coagulate, and cut them
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tant vascular adherence. Any excessive traction to the capsule may avulse 
these vessels. These maneuvers are repeated enough times and circumferen-
tially until complete resection of the meningioma is done. The cottonoids 
placed in the separation plane are then removed one by one and remaining 
bleeding is coagulated. Meanwhile the anesthesiologist is asked to raise the 
systolic blood pressure to 140 mmHg; when the systolic blood pressure 
reaches this level, good hemostasis is considered to be achieved. When con-
vexity meningiomas are close to the base of the skull, the resection of the dura 
involved at the base must be done. In the low coronal convexity meningi-
omas, the middle cerebral artery branches may be adherent to the capsule; 
great care must be taken in the dissection in this particular area in order to 
avoid further defi cit.

For closure (Fig. 5) the cut of the dura is enlarged 2 cm from the meningi-
oma margin, if possible. The piece of pericranium prepared at the beginning 
of the intervention is tailored according to the surface of dura to be replaced. 
Then the graft is sutured tightly to the remaining dura. In some cases, when 
the pericranium is not suffi cient, we can use a fascia lata graft from the thigh 
in order to substitute the missing dura. Suspending the dura of the periphery 
of the craniotomy margin is essential before fi xing the bone fl ap. The inner 
table over the center of convexity meningioma must be drilled if there is any 
doubt of its involvement by the tumor. An acrylic cranioplasty material with 
antibiotic is used to replace the bone fl ap in case the two tables of the skull are 
involved by the meningioma.

3. POSTOPERATIVE CARE

The neurosurgeon can classically predict the complication because it is close-
ly related to the intraoperative events. In general, there is no need for sedation 
and respiratory assistance at the postoperative period. A smooth awakening 

Fig. 5. The cut of the dura is enlarged 2 cm from the meningioma margin if possible and re-
placed by the pericranium initially prepared. Tenting is completed and hemostasis verifi ed
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and a permanent control of blood pressure, for at least 24 hours, are manda-
tory. The fi rst night is spent in an intensive care unit or a recovery room for 
close observation. The patient is encouraged to walk the next day if possible. 
Steroids are continued for three weeks and tapered progressively in the last 
period. We always combine antacid gastric medication with steroids. For 
convexity meningiomas, seizures are more frequent than for meningiomas at 
other locations; therefore, anticonvulsant treatment is continued for at least 
four months and gradually tapered.

4. LONG-TERM RESULTS AND MANAGEMENT OF RECURRENCY

In the literature the operative mortality rate of convexity meningiomas is 
improving and is tending to zero percent in the hand of a most experienced 
neurosurgeon [11]. Even elderly patients (over 70 years old) have low periop-
erative morbidity and mortality [3].

Recurrence rate for meningiomas at the convexity is the lowest among the 
different locations and is evaluated to 5% [7]. The rate of recurrences depends 
on several risk factors such as WHO degrees II and III, resection of Simpson 
grade II or greater, high MIB-1 antibody labeling index, high vascular en-
dothelial growth factor (VEGF), and negative progesteron-receptor status. 
MIB-1 was not a statistically signifi cant predictor of survival time in totally 
excised WHO degree I meningiomas. Fractional radiotherapy and radiosur-
gery are used after surgery for malignant, multiple-recurrency, and incom-
plete-resection convexity meningiomas [1]. Chemotherapy with drugs such 
as hydroxyurea (HU) and the antiprogesterone mifepristone (RU486) has 
been applied also in such cases, but results have been disappointing.

5. COMPLICATIONS

The presence of an immediate postoperative defi cit may be related to the ef-
fect of the anesthetic agents, especially in the case of a meningioma located in 
a functional area. If a neurological defi cit does not improve quickly, an urgent 
control CT scan is necessary. The defi cit may be due to a postoperative he-
matoma, infraclinical post-seizure palsy, venous or arterial ischemic lesions. 
If postoperative hematoma is found, its urgent or late evacuation depends on 
the clinical status, the hematoma’s size, and its location. Moderate sedation, 
hyperventilation, osmotic diuresis, and increased steroid doses are needed in 
case of brain swelling. Delayed neurological defi cit during the fi rst week is 
usually due to cerebral edema. These symptoms usually respond to an in-
crease of steroids.

Wound infection is managed according to its severity; a major one requires 
the removal of the bone fl ap. Meningitis is another serious complication. With 
respect to any such suspicion, lumbar puncture is done for CSF study and cul-
ture; only thereafter antibiotics are administered. Systemic infections are pos-
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sible as postoperative urinary infections. Special aseptic care must be taken 
while putting the indwelling bladder catheter to minimize this risk.

Early spirometry can prevent pulmonary obstructions and pneumonia. 
Preventive protocols now exist in most departments to avoid postoperative 
deep thrombophlebitis and consequently pulmonary embolism. A high level 
of suspicion must always be maintained and immediate consequent therapy 
should be introduced in case of confi rmed diagnosis.

HOW TO AVOID COMPLICATIONS

The main precautions to be taken are listed in Table 3.

1. NEUROLOGICAL COMPLICATIONS

Once the operative decision is taken, the anticonvulsant therapy must be start-
ed. In the preoperative period, the neurosurgeon must spend enough time as-
sessing MRI images searching for details which can facilitate strategy dissection 
and avoid impairing events. These details concern the location and shape of 
convexity meningiomas, intratumoral “void fl ow” signals, the interface be-
tween tumor and cortex, and the relationship with adjacent cortical vessels 
(mainly sylvian artery branches in frontotemporal location).

The neurosurgeon himself must control the positioning of the patient. The 
head must be positioned for the center of the tumor to be uppermost. The head 
must be tilted up to 15  and the internal jugular veins must be free from any 
distortion. The pressure points of the entire body must also be protected.

The preservation of all cortical draining veins represents the key for avoid-
ing venous infarction and edema. Small pieces of tumor attached to normal 
vessels should be left if their dissection seems hazardous.

Table 3. Precaution details to avoid complications

In conservative treatment, fi rst control MRI must be done 2–3 months later.
Anticonvulsants should be administered early in preparation to surgery.
Thorough assessment of MRI images has to be done for surgery planning.
Position control, center of the tumor to be uppermost, avoiding brain retraction are 
essential.
Extreme smooth dissection near the functional areas is crucial.
Cortical vessels, especially venous, should be preserved.
Blood systolic pressure should be at 140 mm Hg when verifying the hemostasis.
Good preoperative systemic medical preparation (collaboration with 
anesthesiologist) is imperative.
The skin should be considered as an enemy and a source of infection; fi ght it by 
adequate preparation, protection, and frequent irrigation.
Postoperative early ambulation and compression stocking are important details.
Spirometry and antacid gastric protection (mainly by the use of corticosteroids) are 
primordial details.
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The elevation of blood systolic pressure to 140 mmHg after resection of the 
meningioma should be checked. It is only after hemostasis has been attained, 
but not before, that the meningioma seat is fi nally covered by Surgicel.

Gentle irrigation with normal warm saline is mandatory at the end of the 
procedure, helping to verify hemostasis.

2. SYSTEMIC COMPLICATIONS

Complete work-up and preparation by the anesthesiologist and eventually 
other specialists (cardiologist and pneumologist, etc.) is an important step to 
limit systemic complications.

Since the skin is the major source of sepsis, special attention to skin prepa-
ration is essential. The hair shampooing the day before and just preopera-
tively, the septic and aseptic cleaning of the skin, and its covering after the 
incision are effective to separate from this contaminating source of infection. 
The assistant is liable to pay attention to all these details. Pre- and periopera-
tive prophylactic antibiotics have proved their effectiveness. Asepsis in 
putting venous lines and Foley catheter is of prime importance; they have to 
be withdrawn as soon as possible.

To limit occurrence of thromboembolic complications, we usually intro-
duce – twenty-four hours after the intervention – subcutaneous low-molecu-
lar-weight heparin. Other teams administer it sooner, without raising the 
postoperative hemorrhagic intracerebral rate. Whatever, we insist on early 
ambulation of the patient the day after surgery.

Other (minor) complications are avoided by an early postoperative respi-
ratory reeducation and by the prescription of an antacid gastric protection 
(mainly if corticosteroids are administered).

CONCLUSIONS

Surgical resection of the convexity meningioma is classifi ed as a “simple” 
procedure in comparison to many other neurosurgical interventions; how-
ever, complications may happen if specifi c details are not respected. Compli-
cations can be avoided only if every detail is controlled.
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MENINGIOMAS INVOLVING THE MAJOR 
DURAL SINUSES: MANAGEMENT 

OF THE SINUS INVASION
M. SINDOU

INTRODUCTION

Surgery of meningiomas involving the major dural sinuses leaves the surgeon 
confronted with a dilemma: leave the invasive fragment and have a higher rate 
of recurrence, or attempt a total removal and have the venous circulation at 
risk. In meningiomas with the sinus remaining patent, current tendency is 
resection of the tumor mass outside the sinus wall(s) with surgical co agulation 
or adjuvant radiosurgery on the remnant. For meningiomas with complete 
sinus occlusion, most authors advocate “en-bloc” removal of the invaded 
portion [4]. Conventional knowledge states that complete removal of the 
invaded sinus is little dangerous because of the development of collateral 
venous pathways; this however may far from being true [2, 10]. Few authors 
favour total gross removal and, if so, reconstruction of the venous circulation 
[5–7, 11, 17]. The latter attitude is our preference. Literature review of the 
various policies has been done in references [8, 13].

RATIONALE

1. PLEAD FOR COMPLETE TUMOR RESECTION

A commonly accepted belief is the decreased likelihood of a recurrence with 
less residual tumor. In fact Simpson reported that complete removal of a me-
ningioma with excision of its dural attachment leads to a lower rate of re-
currence (6%) compared with the rates following complete removal with 
 coagulation (16%) or without treatment of the dural attachment (29%) [12].

In our series of 100 patients who underwent surgery between January 1980 
and January 2001, the meningioma originated at the superior sagittal sinus in 92 
patients (28 in the anterior, 48 in the middle and 16 in the posterior third), the 
transverse sinus in 5 and the torculae confl uence in 3. Gross tumor removal was 
achieved in 93% of the cases, with the sinus reconstruction attempted in 45 
(65%) of the 69 cases with wall(s) and lumen invasion. The overall recurrence 
rate was 4%, with a follow-up ranging from 3 to 23 years (mean: 8 years) [13].

Keywords: meningiomas, major dural sinuses, venous surgery, parasagittal 
meningiomas
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2. PLEAD FOR SINUS RECONSTRUCTION

In our series the mortality rate was 3%. In all the 3 cases, the fatal evolution 
was due to brain swelling after a “en-bloc” resection of the meningioma 
which had totally occluded the sinus; none of the three had venous restora-
tion. Eight patients who harbored a lesion in the mid-third portion of the 
superior sagittal sinus had permanent neurological aggravation, likely due to 
local venous infarction. Six of these patients had not undergone venous  repair. 
On the other hand, venous reconstruction did not increase the morbi-mortal-
ity rate in our series. The subgroup of patients without venous reconstruction 
displayed statistically signifi cant clinical deterioration after surgery compared 
with other subgroups (p = 0.02). So venous fl ow restoration seems justifi ed 
when not too risky.

In the event of sinus invasion with preserved sinus circulation, resection of 
the invaded wall(s) requires patching of the defect to maintain fl ow. In the 
event of a totally occluded sinus, the surgeon has the dilemma to decide 
whether to restore venous circulation by performing a bypass prior or once 
the occluded sinus is resected.

DECISION-MAKING

1. PREOPERATIVE WORK-UP

Magnetic Resonance Imaging (MRI) with and without contrast medium are 
the key. MRI (T1-weighted sequences with and without gadolinium injection 
and T2 sequences) is effective in delineating the tumor (Fig. 1). Gadolinium 
enhancement of the dura may indicate actual tumor invasion or simply cor-
responds to hyperemia.

Venous MR offers additional useful information on venous system in-
volvement (Fig. 2). MR angiography does not succeed in providing a reliable 
exploration of the tumor vacularization and hemodynamics. Therefore, angi-
ography through the transfemoral route is of value prior to establishing the 
detailed surgical strategy. Selective bilateral internal and external carotid sub-
straction angiographies as well as vertebral angiography serve to determine 
the dural and cortical-pial supply (Fig. 3). The arterial phase is useful to pre-
dict the diffi culty of dissection of the capsule from the cortex. As shown in 
prior publications dissection entails neurological risk when a pial vascular 
supply is identifi ed [1]. When meningeal supply is important, preoperative 
embolization may be of value in producing tumor necrosis and diminishing 
the blood loss that may accompany resection of the tumor.

The late venous phases with bilateral fi lling of the sagittal sinus are required 
for an exact evaluation of sinus patency and collateral venous pathways. Ob-
lique views well depict the Superior Sagittal Sinus (SSS) throughout its entire 
course. Various degrees of sinus occlusion can be observed, from simple 
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 compression with narrowing of the sinus lumen, to intraluminal defect, to 
total occlusion. Complete occlusion may be assumed from no visualization of 
segments of the sinus and from collateral venous channel development. The 
pattern of venous drainage and venous collateral channels must be established 
preoperatively to determine the surgical approach.

Plain X-ray fi lms may be most useful by showing intraosseous collateral 
venous channel(s), which must be taken into account before designing the 
borders of the craniotomy and turning the bone fl ap (Fig. 4).

Fig. 1. Type III mid-third parasagittal meningioma. Upper left: preoperative coronal Gd-en-
hanced T1-weighted MR image showing a right parasagittal meningioma with Type III inva-
sion of right wall of the sinus. Upper right: postoperative coronal Gd-enhanced T1-weighted 
MR image showing no evidence of tumor remnant. The lateral sinus wall was resected and 
patched. Lower left: preoperative venous-phase angiogram, lateral view, demonstrating a 
patent sinus and tumor blush (star). Lower right: postoperative venous-phase angiogram, 
lateral view, demonstrating sinus patency (arrows)
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2. CLASSIFICATION OF MENINGIOMAS ACCORDING TO SINUS INVASION

A personal classifi cation scheme based on the degree of dural sinus involve-
ment was established to determine surgical strategy [14]. Type I: lesion 

Fig. 2. Posterior third, right, parasagittal Type VI meningioma. Left: Coronal MRI – T1 se-
quence after gadolinium. Right: pre-operative venous MR, lateral view, showing total occlu-
sion of the sinus and compensatory drainages through intra-osseous emissary veins which 
communicate with extracranial circulation. Exposure may destroy these collateral drainages 
and lead to brain swelling

Fig. 3. Frontal parasagittal meningioma. Selective external (left) and internal (right) carotid 
artery angiograms illustrating a typical case of mixed arterial supply of the meningioma.
Vascularization is supplied by branches of the ECA, namely the middle meningeal artery 
(left) and by cortico-pial branches of the anterior cerebral artery (right)
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 attachment to the outer layer of the sinus wall, Type II: tumor fragment inside 
the lateral recess, Type III: invasion of the ipsilateral wall, Type IV: invasion 
of the lateral wall and roof, Types V and VI: complete sinus occlusion, with 
(Type V) or without (Type VI) the contralateral wall free (Fig. 5). This 
 classifi cation was based on a simplifi cation of those described by Krause (as 
quoted in Merrem’s article [9]) and by Bonnal and Brotchi [3].

The categories developed for the parasagittal location were also applied to 
the meningiomas involving the confl uence of sinuses and the transverse  sinus.

SURGERY

The following surgical strategy has been established after having performed 
preliminary experimental and clinical works on the intracranial venous system 
[15, 16] and surgical attempts at gross total removal of meningiomas including 
their intrasinusal portion, in a series of 100 patients long-term followed [13].

1. GENERAL PRINCIPLES

Positioning the patient in the semisitting (lounging) position allows a • 
good venous return without increased intracranial pressure. Although 
possible, there is no practical risk of air embolism because of the rela-
tively high intracranial venous pressure in these patients.
Operative exposure should be as extensive as necessary. The skin • 
fl ap and craniotomy should extend across the midline to permit 

Fig. 4. Parasagittal meningioma with Type VI invasion in the posterior third of the sinus. 
Left: Plain X-ray, lateral view, showing a voluminous intraosseous collateral venous pathway 
(ICVP). Right: venous-phase DS angiogram, lateral view, demonstrating the collateral venous 
circulation from the Superior Sagittal Sinus (SSS) to the sigmoid sinus (SS). Note complete 
occlusion (asterisk) of the SSS by the meningioma (M)
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 visualization of both sides of the sinus and about 3 cm outside the 
margins of the occluded sinus. However such a large access should be 
reconsidered if there are scalp, pericranial or diploic collateral venous 
pathways, which might be impaired during approach. Dura is incised 
circumferentially around the margins of the tumor insertion on the 
dura of the convexity and along the border of the corresponding por-
tion of the superior sagittal sinus, taking care not to compromise the 
adjacent afferent veins (= bridging veins) to the sinus.
Tumor surgery starts as follows. Attachment of the meningioma to • 
the lateral wall of the sinus and neighbouring falx is detached by using 
the cutting mode of the bipolar coagulation forceps, thus cutting 
off the tumor dural supply. Then intracapsular debulking is performed 
so that the remaining capsule of the tumor can be easily mobilized 
from the underlying cortex. Under the microscope an extra-arachnoi-
dal plane of dissection must be carefully searched. When absent, the 
plan of dissection becomes subpial because of the pia-mater incorpo-
ration into the tumor capsule [1].
Sinus surgery obeys the vascular microsurgery principles. Because • 
there are frequent discrepancies between images and anatomical fi nd-
ings, the sinus should be explored through a short incision (around 
5 to 10 mm linear opening) to disclose any intrasinus fragment. 
 Temporary control of venous bleeding from the sinus and afferent 
veins can be easily obtained by packing small pledgets of hemostatic 
material (Surgicel, Johnson Medical, Virofl ay, France) in the lumen 
and at the ostia of afferent veins. Balloons should not be used because 
they do not pass easily through the sinus septa and may injure the 
sinus endothelium. Vascular clamps as well as aneurysm clips should 
be avoided because they may injure the sinus walls and afferent veins. 
Bridging veins, especially in the rolandic outfl ow area, should be pre-
served by dissecting them free from adjacent brain and tumor. Venous 
construction is performed using patches or bypasses, with two hemi-
running sutures (Prolene 8.0 Laboratoire ETHNOR, Neuilly/Seine, 
France). Although the autologous vein would appear the most suitable 
material for use as a patch, vein harvesting seems excessive for patch-
ing only. The locally situated dura mater, fascia temporalis or pericra-
neum can be used. When possible we favor the use of fascia temporalis 
because it is both resistant and thin with a glossy-glistening surface. 
When a bypass is needed, autologous vein graft has to be harvested 
from the internal saphenous vein for long bypasses (that is longer than 
6 cm) or from the external jugular vein for shorter bypasses.
The graft should not be compressed by any surrounding structure.• 
Postoperative cares are of prime importance. To facilitate venous • 
patency after surgery, blood pressure, volume and viscosity must 
be carefully cared. Heparin therapy (two times control value) is 
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 recommended for at least three weeks to prevent the reconstructed 
sinus from getting clotted and antiagregant for three months to allow 
sinus wall endothelialization.

Fig. 5. Classifi cation scheme of meningiomas according to the type of sinus invasion. 
Type I, meningioma attached to the outer surface of the sinus wall; Type II, lateral recess 
invaded; Type III, ipsilateral wall invaded; Type IV, ipsilateral wall and roof of the sinus both 
invaded; Type V, sinus totally occluded, but the contralateral wall free of invasion; and 
Type VI, sinus totally invaded with no walls free of invasion (Drawings by Doctor J. Alvernia) 
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2. SURGERY ACCORDING TO THE DEGREE OF SINUS INVASION (Fig. 5)

Algorithm has been established as follows:

     Type I:   Excision of the outer layer, leaving a clean and glistening dural sur-
face, and coagulation of dural attachment.

       Type II:       Removal of the intraluminal fragment through the recess, then repair of 
the dural defect by resuturing the recess or by closing it with a patch.

Type III:          Resection of the sinus wall and repair with a patch.
   Type IV:   Resection of both invaded walls and reconstruction of the two re-

sected walls with a patch.
             Type V:          Because in the this type the opposite wall to the tumor side is free of 

tumor, it is possible and preferable to reconstruct the two invaded 
wall defects with a patch after their resection, rather than to perform 
a bypass. Important, this type can be distinguished from Type VI 
only by direct surgical exploration of the sinus lumen.

Type VI:        Removal of the involved portion of the sinus and restoration by 
venous bypass. The site of the bypass is: on the sagittal sinus for men-
ingiomas involving the superior sagittal sinus (SSS), between the SSS 
and the external jugular vein for meningiomas totally occluding the 
posterior third and the torcular, between the transverse sinus (TS) 
and the external jugular vein for meningiomas involving the TS.

Fig. 6. Patching technique in a parasagittal meningioma with Type IV sinus invasion. Left: 
exploration of the sinus lumen through a 3 cm long opening, which allows identifi cation of 
a intrasinusal tumor fragment. Control of the venous bleeding using pledgets of Surgicel 
on both extremeties of the opening (i.e., proximal and distal). Right: venous reconstruction 
performed using an autologous patch (fascia temporalis). F falx cerebri; LW lateral wall of 
SSS; P patch; R roof of SSS; S Surgicel pledgets
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3. CLINICAL OUTCOME AND CONTROL OF PATENCY

Clinical outcome in our series was extensively described in a recent pub-• 
lication [13]. Briefl y, gross-total tumor removal was achieved in 93% of 
the cases, and sinus reconstruction was attempted in 45 (65%) of the 69 
cases with wall and lumen invasion. The recurrence rate in the study 
was 4%, with a follow-up period from 3 to 23 years (mean: 8 years). The 
mortality rate was 3%, all cases due to brain swelling after en-bloc re-
section of a Type VI meningioma without venous restoration. Eight pa-
tients – seven of whom harbored a lesion in the mid-third portion of the 
superior sagittal sinus – had permanent neurological aggravation, likely 
due to local venous infarction. Six of these patients had not undergone 
a venous repair procedure. Overall, the mean preoperative Karnofsky 
score (KPS) was 92.7 ± 1.8 and the mean postoperative KPS score was 
90.7 ± 18, differences being not statistically signifi cant (p = 0.2,  Student 
t-test).
Concerning angiographic results, in our series only 40 of the 45 pa-• 
tients who underwent venous reconstruction had DS angiography 
control two weeks after surgery. All eight patients (100%) who had 

Fig. 7. Meningioma of the posterior third and confl uence of sinuses with Type VI invasion. 
 Patient had severe intracranial hypertension syndrome with headaches, papilledema, and de-
mential manifestations. Drawing (left) and postoperative angiogram (right) showing a surgical 
bypass (arrow) from the SSS to the external jugular vein (EJV) with an autologous saphenous 
vein. After surgery the patient experienced recovery. VB Venous bypass (saphenous vein). SS 
sigmoid sinus. M meningiomas. BP Brachial plexus
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undergone removal of a lesion fragment within the lateral recess to-
gether with simple resuture had sinus patency. Thirteen (87%) of the 
15 patched cases with dura or fascia were patent. Harvesting autolo-
gous veins, seemed us too excessive for patching. According to our 
experience, the most appropriate material was fascia temporalis.

Eight (72.7%) of the 11 autologous bypasses controlled were patent. Im-
portant, six patients in whom a synthetic Gore-Tex tube graft had been used 
were found to have thrombosis in spite of anticoagulation. One of them suf-
fered acute intracranial hypertension, which was successfully reversed after 
intensive care management; the other fi ve had asymptomatic thrombosis. 
When a saphenous venous graft was used, seven (70%) of the 10 controlled 
bypasses were patent. The one with external jugular vein was patent as well. 
So, for performing bypasses, the internal saphenous vein (which has valvulas) 
or the external jugular vein (which does not have valvulas) are recommended 
for a long or a short graft, respectively.

HOW TO AVOID COMPLICATIONS

1. BRAIN SWELLING

Placing the patients in semisitting (= lounging) position for sagittal sinus men-
ingiomas, and sitting position (or lateral position with the head elevated) for 
lesions in the confl uence or the transverse sinuses, allows good venous return.

Care has to be taken to preserve the venous anastomatic pathways that 
developed throughout the scalp, pericraneum and diploic venous channels.

If brain swelling occurs before undertaking surgery on the sinus, the sur-
geon should be prepared to stop, and decide to postpone removal to a more 
or less delayed (around one month) stage.

2. BLOOD LOSS

Blood loss can be reduced by (1) head elevated to decrease intracranial venous 
pressure, (2) careful constant hemostasis, (3) affi xing Surgicel on the vessel 
defects and slight compression rather than extensive use of the sucker, 
(4) use of cell-saver until tumor resection starts.

3. DIFFICULTIES FOR TEMPORARY OCCLUSION OF THE SINUS

Infl ated balloons should not be used, as they do not pass through the lumen 
because of septations, as well as vascular clamps or aneurysm clips because of 
their crushing effect on the sinus walls and/or afferent veins. Temporary occlu-
sion of the sinus should be controlled by transiently inserting small pledgets of 
Surgicel within the sinus lumen, which makes venous surgery easy.
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4. RISKS OF THROMBOSIS

Microvascular surgical skill is mandatory; this needs training in the lab. The 
best material for reconstruction seems to be: a piece of dura or fascia tem-
poralis for patching, and autologous vein graft for bypassing. Synthetic 
 Gore-Tex prosthesis should be avoided because it always creates thromboses. 
Long-duration use of anticoagulants, then of antiagregants, is of prime im-
portance until endothelialization of the graft.

CONCLUSIONS

The low recurrence rate observed in our study supports resecting not only 
the tumor portion outside the sinus but also the fragment invading the si-
nus. Ultimately, a decision must be made after weighing the benefi ts and 
risks. When attempt at radical removal is decided, venous reconstruction is 
mandatory when the sinus is incompletely occluded. In cases with total 
occlusion, complete resection with performing a bypass can be considered 
to restore the fl ow that might be compromised by impairment of the 
 compensatory collateral channels. Post-operative use of anticoagulants/
antiagregants is mandatory for at least 3 months, until re-endothelializa-
tion occurs; this strategy did nod increase hemorrhagic complications in 
our series.

We do not pretend that all tumors invading the major dural sinuses must 
be radically resected and the sinus systematically repaired. Before deciding to 
perform such procedures, especially for the meningiomas located in the mid-
third portion of the sinus, other alternatives should be discussed: (1) primary 
surgery to shave the tumor from the sinus and, if the tumor grows, adjuvant 
radiosurgery and (2) radiosurgery for a small meningioma, with secondary 
surgery if the tumor is not controlled.
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POSTERIOR FOSSA MENINGIOMAS
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INTRODUCTION

Harvey Cushing was the fi rst to use the term “meningioma” in 1922, although 
the tumors were known under various other names since the 17th century. Men-
ingiomas represent 20% of all intracranial tumors and predominantly affect 
those in the 5th to 7th decades of life with a 2.7:1 female to male ratio. According 
to the World Health Organisation scheme, meningiomas are graded as benign 
(WHO I), atypical (WHO II) and malignant (WHO III). There are various 
histological subtypes of benign meningiomas, but these generally do not corre-
late with the aggressiveness of the tumor. Ten percent of meningiomas occur in 
the posterior fossa; these tumors have presented a formidable challenge through-
out the history of neurosurgery and many, especially those arising from the 
petro-clival region, were considered “inoperable” up until the 1970s. However, 
with the advent of the operating microscope, CT and MR imaging, microsurgi-
cal techniques and the development of various skull base approaches, it became 
possible to safely resect the majority of posterior fossa meningiomas.

The main surgical approaches can be categorised as either the standard 
retrosigmoid craniotomy or the various presigmoid exposures. The anterior 
transpetrosal approach was originally described by  Bochenek and Kukwa [2] 
and further developed by Kawase et al. [5]. Posterior petrosal approaches, 
based around the translabyrinthine approach described by Morrison and 
King [10] were subsequently refi ned by Al-Mefty et al. [1]. Hakuba fi rst de-
scribed a combined anterior and posterior petrosal approach [3]. Other au-
thors including Mayberg and Symon [8], Sekhar et al. [12], Samii and Tatagiba 
[11] and Spetzler et al. [14] published case series with mortality rates of under 
10% and major morbidities ranging from 8 to 34%. Surgery, if possible, is 
still the accepted fi rst line treatment option but the advent of stereotactic 
 radiosurgery and fractionated and intensity-modulated radiotherapy has 
contributed to treatment decision algorithms. There is still no effective che-
motherapy for aggressive meningiomas and the molecular biology, long-term 
behaviour, recurrence rates and optimal treatment algorithms of menin-
giomas, particularly those in diffi cult anatomical locations that limit complete 
resection, remain a topic of contention.

Keywords: Meningioma, posterior fossa, petroclival, transpetrosal approach, 
complications
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RATIONALE

The rationale behind treatment of any meningioma is twofold: to relieve the 
patient’s symptoms and to prevent the adverse consequences of tumor growth. 
Once the decision is made to operate, the goal of posterior fossa meningioma 
surgery varies with the extent and size of the tumor. With small to moderate 
sized tumors or those located peripherally at the cerebellar convexity or tento-
rial edge without sinus involvement, the goal is usually complete removal, 
whereas with large tumors this goal is much more diffi cult to achieve, particu-
larly with those tumors that extend in front of the brain stem or have signifi cant 
involvement of the skull base and venous sinuses. In these tumors, a subtotal 
resection is often all that can be achieved. The decision process following sur-
gery includes the options of radiotherapy or careful observation, with further 
surgery and/or radiotherapy at the time of progression/recurrence.

DECISION-MAKING

1. DIAGNOSTIC CRITERIA

The diagnosis of posterior fossa meningiomas is made on clinical and radio-
logical grounds. The vast majority of these tumors present with an insidious 
onset of symptoms, usually over 2 to 5 years, but an increasing number of 
asymptomatic tumors are discovered incidentally after brain imaging for oth-
er reasons. The most common symptoms associated with meningiomas of the 
posterior fossa are headache (70%), ataxia (60%), cranial nerve dysfunction 
and symptoms related to mass effect on the brainstem. Unlike supra-tentori-
al meningiomas, seizures are extremely uncommon. The pattern of cranial 
nerve involvement depends on the location of the tumor [4, 14]. Diplopia due 
to oculomotor nerve palsy commonly occurs with tumors of the upper clivus 
medial to the trigeminal nerve, particularly if there is suprasellar extension 
through the tentorial notch. Tumors involving the cavernous sinus typically 
present with 6th nerve palsies, related to the course of the nerve through the 
dura in Dorello’s canal. Facial sensory disturbance due to trigeminal nerve in-
volvement is frequent, especially with tumors located near Meckel’s cave. 
Many petrous apex meningiomas present with hearing loss. Intracanalicular 
meningiomas may present with tinnitus, hyperacusis, vestibular symptoms or 
facial palsy and may mimic vestibular schwannomas. Larger tumors that 
compress the brain stem structures or the 4th ventricle may present with 
 ataxia or hydrocephalus or multiple cranial nerve palsies.

MR imaging is the investigation of choice for diagnosis of a me ningioma. 
Classical fi ndings include iso-intensity with gray matter on non-enhanced 
scans, vivid homogeneous enhancement, CSF clefts and an enhancing dural tail 
(Figs. 1–3). This last feature, in particular, is helpful in differentiating a 
 meningioma from a vestibular schwannoma, the latter typically having a more 
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Fig. 1. Clivus meningioma in an 84-year-old woman. A gadolinium-enhanced axial, sagittal 
and coronal MRI showing classic imaging features of a meningioma arising from the middle 
third of the clivus. Note the marked, homogeneous contrast enhancement and thickened 
dural enhancement inferior to the tumor along the lower clivus. The vertebrobasilar vessels 
are displaced to the right and the brainstem is markedly distorted

Fig. 2. Cerebellopontine angle meningioma in an 61-year-old woman. An axial T2 and 
 gadolinium-enhanced coronal and axial T1 MRI scan, showing a meningioma based around 
the internal acoustic meatus. Note extension into the meatus but no expansion. Also note 
signifi cant dural tail both anteriorly along the clivus and posteriorly along the petrous ridge 
and also attachment to the tent. This patient presented with facial numbness, ataxia and 
episodes of nausea

Fig. 3. Large petroclival-clinoidal meningioma in a 38-year-old female. This large  tumor 
presented with facial parasthesia and visual loss. Note extensive involvement of the pet-
roclival junction, Meckel’s cave, sella region, anterior clinoid process and superior orbital 
fi ssure on the right
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rounded appearance and expansion of the bony internal auditory canal (IAC). 
Meningiomas, however, may mimic other tumors including schwannomas, 
cysts or metastases. MR spectroscopy may also be helpful in making the diag-
nosis preoperatively. Me ningiomas typically have a low creatinine peak, high 
choline and alanine, and a low inositol peak, which may help distinguish them 
from schwannomas.

2. INDICATIONS

The natural history of most of posterior fossa meningiomas is usually relentless 
slow progression; therefore we would generally recommend surgery for those 
under the age of 70 years, particularly if the patient is already symptomatic. 
Once the adaptive limit of the brainstem structures is reached, then pial inva-
sion and edema can lead to rapid clinical deterioration. Surgery allows confi r-
mation of the pathology, and the potential for cure or at least long term control. 
Because it immediately reduces mass effect, surgery will also relieve symptoms 
associated with cerebellar, brainstem and cranial nerve compression.

Asymptomatic patients with small or moderate size tumors can be watched 
carefully in the fi rst instance with repeat MR imaging. The fi rst follow up imag-
ing should be done within 3 months and then six months later to rule out rapid 
growth that would be expected if the lesion is atypical or malignant. If the tu-
mor appears benign and continued observation is elected, patients will then 
need indefi nite follow up with at least yearly MRI. If symptoms develop, or 
serial imaging demonstrates signifi cant growth, then surgery is indicated.

If the tumor is large then the risks of surgery, given the patient’s age and 
status, must be weighed against the risk of further deterioration over their 
lifespan. In cases where the patient is elderly or unfi t for surgery, or prefers 
to avoid surgery, stereotactic radiotherapy or radiosurgery may be consid-
ered. This modality has demonstrated effectiveness both in long term control 
of the tumor, as well as relief of symptoms [6]. However, focused radiation is 
generally not possible for tumors greater than 3 cm in diameter.

3. PREOPERATIVE ASSESSMENT

A careful history and neurological examination is the basis of preoperative 
assessment. Clinical risk factors to take into consideration in planning the 
procedure include patient age, signifi cant medical disease, poor performance 
status and prior surgery and/or radiotherapy. A medical or anesthetic consul-
tation may be warranted to optimise any co-morbidities before surgery. Au-
diometry evaluation is essential for any tumors that present with hearing loss, 
are adjacent to the internal acoustic meatus (IAM) or in which surgery has the 
potential for injury of the VIIIth nerve. A formal neuroopthalmologic assess-
ment is relevant to identify any subtle extraocular neuropathies or visual fi eld 
defi cits in cases with suprasellar extension. Tumors with suprasellar extension 
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may also require testing of the pituitary axis preoperatively. For tumors where 
there is likelihood of lower cranial nerve palsies either pre- or postopera-
tively such as jugular foramen lesions, a formal swallow assessment is done 
and the patient is warned of the possible potential need for a tracheostomy 
and/or percutaneous feeding gastrostomy.

The MRI characteristics of the tumor are helpful in assessing the risks as-
sociated with surgery. Larger tumors are associated with an increased risk 
especially if the tumor extends anterior to the brainstem. Encasement of the 
vertebrobasilar arteries is a key factor that increases risk signifi cantly; how-
ever, it is often possible to dissect the vessels out safely as there is usually, but 
not always, an arachnoid plane between the tumor and the vessels. If there is 
brainstem pial invasion, this may be indicated by the presence of T2 or FLAIR 
abnormality in the brainstem and this also represents a major risk factor. A 
preoperative CT with bone windows is helpful for showing the degree of 
bony remodelling and hyperostosis and planning the approach. Hyperostosis 
occurs in around a third of cases. Calcifi cation within a tumor is strongly sug-
gestive of a meningioma and if the tumor is heavily calcifi ed is thought to 
have a much slower growth rate.

Angiography helps to demonstrate the blood supply of posterior fossa 
meningiomas, but is usually not necessary unless embolisation is contem-
plated. These tumors often have a combination of internal and external ca-
rotid supply via dural, tentorial or ascending pharyngeal vessels. Supply from 
the vertebrobasilar system via pial vessels is another sign that the tumor has 
invaded the pial layer of the brainstem. Pre-operative embolisation is indi-
cated in cases where supplying  vessels can be occluded practically and safely 
by an experienced neuroendovascular proceduralist. Great care must be taken 
following embolisation as swelling of the tumor within the posterior fossa 
can result in rapid neurological deterioration. The patency of the major si-
nuses and the anatomy of the draining veins of the temporal lobe and tento-
rium can also be assessed on the venous phase of the angiogram or on MR 
venography and this is critical in planning the operative approach. If the 
 tumor has already invaded and occluded the adjacent sinus, then this can usu-
ally be taken safely during the procedure.

SURGERY

1. OPERATIVE TECHNIQUE

1.1 Preoperative preparation and equipment

Adequate preoperative informed consent is of particular importance for these 
patients, in whom major surgery with potentially signifi cant complications is 
being proposed for a “benign” and sometimes asymptomatic tumor. Patients 
are given a general anesthetic and positioned on the operating table (see below). 
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All patients have an indwelling urinary catheter. In many patients, and in all 
being done in the sitting position, we insert a central venous catheter. Special 
care is taken during positioning to make sure that pressure areas are protected 
with gel pads. The eyes are protected with clear adhesive plastic fi lm to prevent 
entry of alcoholic preparation fl uid. A lumbar spinal drain is inserted and drain-
age of CSF is commenced at the start of the craniotomy in most cases under-
taken in the lateral or parkbench position, especially if the tumor is large, to 
afford reduction of pressure in the posterior fossa upon opening the cranioto-
my. Registration of the frameless stereotactic navigation system is done at this 
stage if necessary; however we have not found neuronavigation to be of signifi -
cant benefi t for most posterior fossa meningiomas and generally do not use it. 
Facial and/or Cochlear nerve monitoring is placed for tumors in the vicinity of 
the cerebellopontine angle (CPA). The head is shaved in the appropriate area 
and the incision marked out before fi nal preparation with alcoholic iodine. 
Equipment needed during the case such as the operating microscope, high 
speed drill, CUSA (ultra sonic tumor aspirator), irrigating bipolar system and 
nerve monitor are set up. All patients are given intravenous antibiotics (cefazo-
lin), dexamethasone and mannitol. Patients undergoing  exposure of the tempo-
ral lobe are loaded with anticonvulsant (phenytoin, 1 mg/kg).

1.2 Choice of approach

The anatomical location of the meningioma is a critical determinant of the 
operative approach that will be chosen. Posterior fossa meningiomas have 
been usefully classifi ed by Sekhar et al. [13] into six groups as listed in 
Table 1. For cerebellar convexity, tentorial, transverse sinus-based and poste-
rior petrous meningiomas (cerebellopontine angle) tumors we use a simple 
suboccipital craniotomy. Image-guided frameless stereotactic navigation is oc-
casionally used to localise the craniotomy. If the tumor is located superiorly in 
the posterior fossa, we prefer to use the sitting position for ease of view and to 
allow gravity to assist in retracting the cerebellum. Particular care is taken with 
the torcular and sinuses upon opening the craniotomy. The diamond drill burr 

Table 1. Classifi cation of posterior fossa meningiomas [13]

Type Location Anatomical extension

I Cerebellar convexity – lateral 
tentorial

Tentorium, transverse, sigmoid 
sinuses

II Cerebellopontine angle Petrous ridge, IAC
III Jugular foramen Cerebellomedullary angle, internal 

jugular vein, extracranial
IV Petroclival Upper 2/3 clivus, cavernous sinus, 

Meckel’s cave, petrous ridge
V Foramen magnum Lower 1/3 clivus, C1–2  area
VI Unclassifi ed Entire clivus, mid and lower clivus, 

other types
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is useful for managing bone bleeding. For tumors located on the convexity, the 
craniotomy must be large enough to allow resection of the involved dura 
around the margins. For most cerebellopontine angle tumors, we use a retro-
sigmoid craniotomy, discussed below. A presigmoid approach, often com-
bined with a middle fossa craniotomy is usually used for tumors located more 
anteriorly, especially petroclival tumors where the main tumor bulk lies an-
teromedial to the cranial nerves.  Foramen magnum meningiomas are addressed 
in a separate chapter in this book and are therefore not included here.

1.3 Retrosigmoid approach

For cerebellopontine angle tumors where the main mass lies around, poste-
rior or inferior to the IAC, a retrosigmoid (suboccipital) crani otomy is used. 
The advantages of this approach include familiarity to neurosurgeons and 
shorter time. The opening affords a good view of the petrous face and a large 
area of the lateral brainstem can be accessed through a relatively small open-
ing. For tumors extending below the level of the lower cranial nerves, the 
opening can be extended and the foramen magnum, lateral C1 arch and pos-
terior part of the condyle can be removed if necessary. The main disadvantage 
to the retrosigmoid approach is limited access anteriorly for tumors arising 
from the clivus or the Meckel’s cave region and extending anterior to the 
brainstem. The lateral patient position is used for the vast majority of our 
retrosigmoid craniotomies. The lateral position can be diffi cult in obese pa-
tients or those with thick, short necks and in these circumstances we use the 
sitting or semi-sitting position. For lateral positioning, the patient is placed 
on the table with the operative side superiorly with a pad and axillary roll 
under the torso. Both legs are fl exed and two pillows placed between them. 
The hips are taped for stability and an arm rest and back support are placed. 
The head is held in the 3-pin head holder and fl exed and rotated 10–15° to-
wards the fl oor. The ipsilateral shoulder is taped to hold it away from the 
surgeon’s access to the craniotomy. A linear or slightly sigmoid-shaped inci-
sion is made one fi nger’s breadth posterior to the transverse-sigmoid sinus 
junction. The muscles are divided and dissected off the bone using monopolar 
cautery until the root of the digastric groove is visible. Care must be taken to 
avoid diathermy injury to the extracranial facial nerve which exits the stylo-
mastoid foramen anteriorly in the groove. Pericranium may be harvested at 
this stage for use in closure of the dura at the end. A burr hole is made near 
the asterion to expose the “corner” at the transverse-sigmoid sinus junction 
and the bone fl ap is lifted using the high speed drill. A large emissary vein 
often seen arising from the sigmoid sinus should be skeletonised with the 
drill, dissected free of the bone fl ap and coagulated before division. Small 
tears in the  sinus should be covered with pieces of gelfoam and cottonoid pat-
ties. Further bone can be removed anteriorly over the edge of the sigmoid 
sinus to improve exposure, however this often necessitates opening the mas-
toid air cells, which must be waxed thoroughly.
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The dura is then opened in an asymmetrical Y-shaped fashion, with the 
larger fl ap hinged anteriorly and a small fl ap hinged superiorly on the trans-
verse sinus edge. A critical next step is to open the arachnoid membrane 
over the infero-lateral cerebellar cisterns and drain CSF to allow the cere-
bellum to relax. This process is made easier by the preoperative institution 
of lumbar drainage and this is essential in large tumors. The Greenberg re-
tractor system is attached and a retractor blade is used to gently hold back 
the cerebellum. At this stage the operating microscope is brought in and the 
tumor is identifi ed.

It is essential to identify the arachnoid plane around the tumor; this 
greatly facilitates dissection of the surrounding neurovascular structures, 
which must be preserved. Small vessels may be coagulated and divided if 
they are penetrating into the tumor but the surgeon must be sure that they 
are in fact supplying the tumor and are not “en passant”, being adherent to 
the capsule on their way to the brainstem or cranial nerves. It may be neces-
sary to take the superior petrosal vein to improve access; it is far better to 
coagulate and divide this vein rather than inadvertently avulse it from the 
superior petrosal sinus. The facial nerve stimulator is a useful dissecting 
instrument when attempting to identify the course of the facial nerve around 
the tumor. The position of the nerve depends upon the point of origin of 
the tumor in relation to the IAC and the nerve may be thinned or splayed 
considerably as it courses over the tumor. Ideally, the dural base of the tu-
mor may be coagulated with the bipolar diathermy to reduce the blood 
supply but this may be diffi cult especially if the tumor is large or centered 
around the IAC. It is important to realise that heat transmission from the 
bipolar can damage nerves, therefore the lowest effective wattage must be 
used and irrigating or non-stick “cool” bipolars are helpful, if available. The 
tumor should be debulked intra-capsularly using the ultrasonic aspirator 
following identifi cation and dissection of the  tumor-arachnoid-cerebellar 
plane. A combination of debulking, dissection of the capsule from the 
arachnoid plane and coagulation of the dural base is then used until the tu-
mor is completely excised. Tumors that extend into the IAC require dura to 
be dissected off the bone and drilling of the posterior lip of the canal. Tu-
mor can then be dissected out of the canal after identifi cation of the VIIth 
and VIIIth nerves. In a small proportion of cases the tumor will engulf the 
cranial nerves or be inseparably adherent to the nerves; in this situation a 
subtotal resection may be required, leaving some small fragments of tumor 
attached to the nerves in order to preserve them.

Meticulous haemostasis is essential at the end of the procedure. We aim to 
achieve a watertight dural closure in all cases; in most cases this requires sew-
ing in a dural patch either pericranium or artifi cial material. The bone fl ap is 
replaced, held in place by small titanium plates and any bone defects repaired 
using bone substitute. A complete bone repair may reduce the incidence of 
postoperative headache. The wound is closed in layers.
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1.4 Combined middle fossa transpetrosal approaches

For tumors situated more anteriorly (petroclival, clival, posterior clinoid, 
Meckel’s cave) or transtentorially we generally use a middle fossa craniotomy, 
combined with one of the presigmoid transpetrosal approaches, either retro-
labyrinthine, translabyrinthine or transcochlear. These are also known as an-
terior petrosal or “extended” middle fossa approaches and involve division of 
the superior petrosal sinus and tentorium down to the tentorial hiatus. The 
transpetrosal portion of the procedure is performed by one of our neuro-
otological surgery colleagues; we have found that having two surgeons short-
ens operative time, reduces operator fatigue and improves overall results for 
these cases. The exact choice of transpetrosal approach depends on the 
 antomical location of the tumor. The retrolabyrinthine approach has the ad-
vantage of preserving hearing, but by itself is a very restricted approach and 
provides a view limited to the entry zone of nerves V, VII and VIII. However, 
it is very useful in combination with a middle fossa approach for transtento-
rial tumors in the petroclival region.

The translabyrinthine approach provides an excellent view of the CPA 
from the tentorium down to the level of the jugular foramen including nerves 
but is limited in its exposure of lesions below the lower cranial nerves. It 
 affords a better view of tumors ventral to the midbrain or pons than the ret-
rosigmoid approach. The translabyrinthine approach is less often used for 
meningiomas, unless the patient has already lost hearing. We routinely use the 
translabyrinthine approach alone for acoustic schwannomas of 3 cm or larger 
when hearing has been lost.

The transcochlear approach exposes the area from the pons down to the 
medulla including cranial nerves V to XI and the mid-basilar artery and is 
usually used in combination with a middle fossa craniotomy for lesions me-
dial to the IAC and/or ventral to the brainstem. It requires rerouting of the 
facial nerve and therefore has a higher incidence of postoperative facial 
weakness.

For meningiomas situated lower in the posterior fossa below the IAC or 
CN IX, X and XI with preserved hearing, we would use the retrosigmoid ap-
proach. The proportion of approaches used in 324 cases  over the last decade 
at our institution, and the corresponding chance of complete resection is 
shown in Table 2.

Table 2. Posterior fossa meningioma cases 1995–2006. Royal Melbourne Hospital

Approach % of total cases % achieving complete 
resection

Retrosigmoid 50 90
Middle fossa + retrolabyrinthine 35 50
Middle fossa + translabyrinthine  5 30
Middle fossa + transcochlear 10 35
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The combined middle fossa retrolabyrinthine approach is performed with 
the patient in the supine position with the head turned 45° towards the con-
tralateral side. A spinal drain for CSF drainage is inserted preoperatively. A 
large C-shaped incision is made from above the tragus down to below the tip 
of the mastoid process at the posterior border of the sternocleidomastoid 
muscle and the skin and muscle fl ap is retracted antero-inferiorly. The pe-
trous bone drilling is performed next exposing the sigmoid sinus posteriorly 
and down to the jugular bulb. The craniotomy is then performed, exposing 
the temporal lobe, the transverse-sigmoid junction and the posterior fossa 
just posterior to the sigmoid sinus. The dura of the posterior fossa is opened 
anterior to the sigmoid sinus and extended anteriorly across the middle cra-
nial fossa. The superior petrosal sinus (SPS) is divided and occluded with 3-0 
proline. The temporal lobe can be gently retracted superiorly. The tentorium 
is divided down to the tentorial hiatus, being careful to avoid the IVth nerve 
which runs just medial to its edge (Fig. 6). Division of the dura allows poste-
rior mobilisation of the sigmoid sinus. If the vein of Labbé drains into the 
superior petrosal sinus (SPS) anteriorly, the division of the SPS and tentorial 

Fig. 4. Approaches to posterior fossa meningiomas. Axial photograph of skull base show-
ing bony area removed and operative exposure gained by various approaches to posterior 
fossa meningomas. The transcochlear, translabyrinthine and retrolabyrinthine approaches are 
usually combined with a middle fossa craniotomy and a transtentorial approach. Note the 
the retrosigmoid approach requires retraction of the cerebellum and that anterior petroclival 
exposure is limited by the vestibulocochlear nerve complex and the working distance
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incision to the incisura must be made more anteriorly than the entry point of 
the vein of Labbé. Great care must be taken in retracting the temporal lobe to 
avoid damaging or tearing the Inferior Anastomotic vein of Labbé.

After opening the dura the remainder of the operation follows the same 
principles as described above for the retrosigmoid approach. The margins of 
the tumor are dissected with care being taken to preserve the arachnoid that 
where present forms a layer between the tumor capsule and adjacent critical 
vascular and neural structures. The tumor is de bulked with the ultrasonic 
 aspirator allowing the capsule of the tumor to be dissected away from the 
brainstem and cranial nerves with minimal retraction. The tumor may extend 
medially to compress or engulf the major vessels including the verebral, basilar 
superior cerebellar and posterior cerebral arteries. Critical attention must be 

A

B

Fig. 5. Combined retrolabyrinthine-middle fossa approach. Intra-operative photographs 
showing the incision, fl ap and bone work. A Note that the mastoidectomy and retrolaby-
rinthine drilling is performed fi rst, exposing the sigmoid sinus and skeletonising the laby-
rinths. Then after making burr holes along the fl oor of the temporal fossa and on either side 
of the transverse sinus, the craniotomy is lifted, exposing the postero-inferior temporal lobe 
and attachment of the tent. B Dividing the superior petrosal sinus and cutting the tento-
rium. Care must be taken to avoid injuring the vein of Labbé and the IVth cranial nerve



192

A. H. KAYE

given also to the perforating vessel arising from these arteries, in addition to the 
veins draining the brain stem. As maximal as possible resection is attempted, 
but this must not be at the expense of causing signifi cant neurological morbid-
ity. It is usually possible to resect virtually all the intracranial tumor, but the 
tumor extending through the cavernous sinus is not resected, as the potential 
benefi t is not worth the risk of serious neurological defi cit.

At the end of the procedure, we close the dura with the aid of a dural sub-
stitute. The bone fl ap is replaced with titanium plates and an abdominal fat 
graft is packed into the petrosal/mastoid space. The fascial layer is closed to 
help hold the fat in place. Meticulous closure of the wound in three layers is 
then done and a pressure head dressing applied.

The middle fossa approach can be extended anteriorly to include a pteri-
onal craniotomy if there is signifi cant anterior extension of the tumor to the 
anterior clinoid, parasellar region or anterior cranial  fossa. For large “dumb-
bell” tumors with a major anterior extension, it is often preferable to plan a 
two-stage operation rather than attempt to resect the whole tumor with one 
protracted operation. For meningiomas in the very elderly or patients medi-
cally risky for protracted surgeries, the transpetrosal approaches may not be 
appropriate and a suboccipital/retrosigmoid craniotomy is the approach of 
choice. This allows access to most areas of the posterior fossa for debulking 

Fig. 6. Operative diagram. Diagram of exposure of tumor obtained after posterior pet-
rosectomy and middle fossa craniotomy and division of the superior petrosal sinus and 
tentorium. A wide view of the anterior part of the brainstem from the 3rd nerve down to 
the lower cranial nerves can be achieved (SS Sigmoid sinus; SPS superior petrosal sinus; TL 
temporal lobe; BS brainstem)

BS

TL

SPS

tumor

SS
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of the tumor only, unless the tumor is placed centrally and/or very anteriorly 
along the clivus. In this case, radiotherapy may be the preferred fi rst line op-
tion if the tumor was growing or symptomatic.

1.5 Jugular foramen meningiomas

For uncommon tumors located around the jugular foramen a petro-occipital 
trans-sigmoid (POTS) approach is useful [9]. This combines a retrosigmoid 
craniotomy and an infero-posterior petrosectomy with the addition of a 
translabyrinthine approach if hearing is lost with large tumors. This exposes 
the sigmoid sinus completely from the SPS down to the jugular bulb. The 
sigmoid sinus is sacrifi ced unless it is the lone sinus or on the dominant side.

1.6 Postoperative care

The patient is nursed in the high dependency neurosurgical care unit for the 
fi rst 24–48 hours following the operation. Intravenous antibiotics are given 
for 24 hours. Particular attention is given to control of postoperative hyper-
tension. We aim to minimise the use of postoperative steroids unless there is 
brainstem, temporal lobe or cerebellar edema. The patient is mobilised early 
and anti-thromboembolism management is instituted. A non-contrast CT 
scan is performed  routinely on day 1 postoperatively to exclude hematoma 
and hydrocephalus. Delayed facial nerve palsy can occur up to 14 days after 
surgery. This is usually managed with a short course of oral steroids and fre-
quently resolves.

2. LONG-TERM RESULTS

Complete resection can be achieved in 90% of tumors located posterior to the 
IAC i.e. those done mostly with the retrosigmoid approach. Meningiomas 
arising from the petro-clival region and involving the cavernous sinus requir-
ing a presigmoid approach are usually more intimately involved with neuro-
vascular structures and more diffi cult to access; in these the complete resection 
rate is only 30–50% (Table 2) as it is not our policy to attempt a radical com-
plete resection of the tumor within the cavernous sinus. It is well recognised 
that recurrence rate depends on two major factors: the extent of surgical 
 resection (Simpson  grade) and the pathology of the tumor. The literature in-
dicates a 5-year recurrence rate for all (benign) posterior fossa tumors of 
 approximately 21% (range 7–42%) refl ecting the fact that many cannot be 
completely excised. The recurrence rates for atypical and malignant meningi-
omas are much higher. In our series of over 300 cases, radiation therapy was 
utilised in 9% of cases undergoing subtotal resection. Second operation was 
performed in 14%.

The routine postoperative management involves a baseline MRI and 
then regular follow up scans, initially at 6 months and then at least at yearly 
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intervals. The management options for residual tumor include “observa-
tion” with regular follow up MRI, further surgery and/or radiation 
 treatment. In the majority of our cases of typical “benign” tumors we have 
elected to follow residual tumor with regular MRI and institute active man-
agement only if there is radiological and/or clinical progression. Surgery 
may be considered if the residual/recurrent tumor is easily accessible. Oth-
erwise radiation treatment is advised. In general we advocate post operative 
radiation treatment for residual tumor if the histology shows atypical or 
anaplastic  features.

3. COMPLICATIONS

The large series published over the last decade of petroclival meningiomas 
show a mortality rate of 2% and morbidity rate of 23% (range 7–39%) [1, 5, 
8, 11, 13]. Approximately 17% of patients are eventually disabled or have 
poor function. We have experienced no mortality in our series of 324 poste-
rior fossa meningiomas operated between 1995 and 2006.

New onset cranial nerve injuries occur in up to 30% of cases and com-
monly involve the Vth, VIIth and VIIIth nerves. Facial numbness, or less com-
monly trigeminal neuralgia or deafferentiation facial pain can occur following 
resection of tumors near Meckel’s cave. In our series, signifi cant trigeminal 
nerve dysfunction occurred in around 7%. Facial nerve function is better pre-
served with more laterally and posteriorly placed tumors [15]. Our overall 
rate of facial nerve preservation is 95%. Hearing loss occurs in all cases fol-
lowing translabyrinthine or transcochlear petrosectomy but can also follow 
signifi cant retraction or direct injury to CN VIII or traction on the GSPN 
during the middle fossa approach. However, hearing is much more likley to 
be preserved in meningioma surgery compared to vestibular schwannomas. 
There is a high incidence of lower cranial nerve palsies following resection of 

Table 3. Complications in 324 posterior fossa meningioma cases. 
Royal Melbourne  Hospital

Complication Number (%) Comments

Trigeminal nerve dysfunction 21 (6.5)
Deep venous thrombosis 21 (6.5)
Facial nerve palsy 14 (4.3) 2 severe and permanent
Pulmonary embolism 10 (3.1)
Diplopia  6 (1.9)
Hemiparesis  3 (1.0) 2 severe and permanent
Increased hydrocephalus  2 (0.6) Both requiring shunting
Infection  2 (0.6)
CSF leak  2 (0.6) No reoperations required
Epilepsy  2 (0.6)
Death  0 (0)  
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jugular foramen meningiomas but can also occur as a result of injury to the 
nerves during dissection of the capsule of tumors arising in other locations. 
Venous injuries due to retraction or direct injury to the sigmoid sinus, or 
temporal lobe draining veins can lead to hemorrhage and venous infarction 
with hemiparesis or speech defi cits. Arterial injuries are uncommon but per-
forators to the brainstem or pial vessels, if damaged, can lead to serious mor-
bidity. Postoperative seizures are very unusual but can occur following injury 
to the temporal lobe in middle fossa approaches.

The incidence of CSF leak in the literature ranges from 2 to 29% (mean 
10%). Most CSF leaks occur via the air cells and result in rhinorrhea rather 
than through the wound. The risk is certainly higher with the transpetrous 
approaches because of the diffi cult in obtaining perfect closure of the dura. 
There were no CSF leaks in our recent series of 200 consecutive retrosigmoid 
craniotomies.

Deep venous thrombosis/pulmonary embolism is a serious concern with 
the long time required for many of these operations. Our rate of DVT/PE 
was high initially but this has reduced considerably since we instituted the 
routine use of postoperative low dose anticoagulants.

HOW TO AVOID COMPLICATIONS

1. HEMORRHAGE AND VENOUS INJURY

Preoperative planning, particularly careful assessment of the imaging is es-
sential to plan the appropriate approach and to be aware of the relevant anat-
omy. The bony anatomy of the petrous bone, the IAC and the position of the 
sigmoid sinus and jugular bulb are noted. Cerebellar or brainstem injury can 
be due to retraction or from arterial or venous injury.This can be avoided in 
most cases by lumbar drainage, opening the cisterns carefully to relax the 
cerebellum at the start of the procedure and by minimising direct retraction. 
Similar principles apply to the temporal lobe when a middle fossa craniotomy 
is done as part of the procedure. Careful management of postoperative blood 
pressure is essential. We routinely perform a non-contrast CT scan on the 
fi rst postoperative day to rule out the development of signifi cant bleeding. 
Being aware of the venous anatomy and its potential variations is important. 
Operating on the side of a dominant or lone sigmoid sinus or non-com-
municating torcula increases the risk of venous hypertension if there is com-
promise of that sinus. Avoiding extreme fl exion rotation of the neck during 
positioning decreases potential compression of the ipsilateral jugular vein. 
The vein of Labbé and tentorial draining veins must be preserved when per-
forming transtentorial approaches. The tentorial incision may need to be 
modifi ed to avoid an anteriorly placed vein or anomalous venous anatomy in 
the region of the superior petrosal sinus. For sitting cases, careful monitoring 



196

A. H. KAYE

for CO2 changes and regular neck vein compression to fi nd potential venous 
bleeding points has helped minimise our rate of air embolism.

2. CRANIAL NERVE INJURY

It is essential to have neurophysiological nerve monitoring in order to de-
crease the risk of facial nerve paresis. Finding and respecting the peri-tumoral 
arachnoid plane is a key concept. Near total resection is preferred over gross 
total resection when the tumor is adherent or engulfi ng the neurovascular 
structures. There is no signifi cant difference in the recurrence/progression 
rates between near total and complete excision [7]. Care must be taken with 
microdissection around all other cranial nerves. Fourth nerve injury can be 
avoided by taking care during transtentorial procedures when dividing the 
medial edge of the tent and resecting the upper pole of the tumor.

3. CSF LEAK

Prevention of CSF leak requires watertight closure of the dura where possi-
ble. In retrosigmoid craniotomies and the transpetrosal approaches, this usu-
ally requires sewing in a dural patch of either pericranium or artifi cal dura. 
The dura can be further repaired with collagen dural matrix e.g. Duragen® 
(Integra, Plainsboro, NJ) or dural substitute e.g. Durepair® (Medtronic, 
 Minneapolis, MN) and reinforced with synthetic hydrogel sealant such as 
DuraSeal® (Confl uent Surgical, Waltham, MA). In translabyrinthine ap-
proaches, we place a free abdominal fat graft and hold it in place by closing 
the fascia fi rmly over it (the fascia must be preserved during the opening of 
the incision). A compressive head dressing is then applied. Mastoid air cells 
must be waxed thoroughly and internal air cells exposed by opening the pos-
terior wall of the IAC must be sealed at the end of the resection with a small 
piece of muscle and fi brin glue. Postoperative CSF leak can usually be con-
trolled with lumbar puncture or drainage and antibiotic cover to prevent the 
small incidence of meningitis. To reduce postoperative headache, the crani-
otomy fl ap is fi xed with titanium plates and defects are fi lled with calcium 
phosphate bone substitute.

CONCLUSIONS

Posterior fossa meningiomas present insidiously with slowly progressive but 
eventually seriously disabling or life-threatening symptoms. Most posterior 
fossa meningiomas can be resected either completely or nearly completely 
with microneurosurgical techniques in order to minimize morbidity. The ap-
proach must be specifi cally tailored to the individual tumor, in terms of its 
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size, location and symptoms, particularly in relation to hearing loss. Surgery 
must aim to avoid cerebellar retraction, preserve arterial and venous struc-
tures and prevent injury to cranial nerves. The management of recurrent and 
residual tumors is still controversial in terms of the type and timing of radio-
therapy and repeat operation.

References

 [1] Al-Mefty O, Ayoubi S, Smith RR (1991) The petrosal approach: indications, tech-
nique, and results. Acta Neurochir Suppl (Wien) 53: 166-170

 [2] Bochenek Z, Kukwa A (1975) An extended approach through the middle cra-
nial fossa to the internal auditory meatus and the cerebello-pontine angle. Acta 
Otolaryngol 80: 410-414

 [3] Hakuba A, Nishimura S, Jang BJ (1988) A combined retroauricular and preauricu-
lar transpetrosal-transtentorial approach to clivus meningiomas. Surg Neurol 30: 
108-116

 [4] Kawase T, Shiobara R, Ohira T, Toya S (1996) Developmental patterns and char-
acteristic symptoms of petroclival meningiomas. Neurol Med Chir  (Tokyo) 36: 
1-6

 [5] Kawase T, Shiobara R, Toya S (1991) Anterior transpetrosal-transtentorial ap-
proach for sphenopetroclival meningiomas: surgical method and results in 10 pa-
tients. Neurosurgery 28: 869-875; discussion 875-866

 [6] Kondziolka D, Mathieu D, Lunsford LD, Martin JJ, Madhok R, Niranjan A, 
Flickinger JC (2008) Radiosurgery as defi nitive management of intracranial men-
ingiomas. Neurosurgery 62: 53-58; discussion 58-60

 [7] Little KM, Friedman AH, Sampson JH, Wanibuchi M, Fukushima T (2005) Surgi-
cal management of petroclival meningiomas: defi ning resection goals based on risk 
of neurological morbidity and tumor recurrence rates in 137 patients. Neurosur-
gery 56: 546-559; discussion 546-559

 [8] Mayberg MR, Symon L (1986) Meningiomas of the clivus and apical petrous bone. 
Report of 35 cases. J Neurosurg 65: 160-167

 [9] Mazzoni A, Sanna M (1995) A posterolateral approach to the skull base: the petro-
occipital transsigmoid approach. Skull Base Surg 5: 157-167

[10] Morrison AW, King TT (1973) Experiences with a translabyrinthine-
transtentorial approach to the cerebellopontine angle. Technical note. J Neurosurg 
38: 382-390

[11] Samii M, Tatagiba M (1992) Experience with 36 surgical cases of petroclival men-
ingiomas. Acta Neurochir (Wien) 118: 27-32



198

A. H. KAYE

[12] Sekhar LN, Jannetta PJ, Burkhart LE, Janosky JE (1990) Meningiomas involv-
ing the clivus: a six-year experience with 41 patients. Neurosurgery 27: 764-781; 
discussion 781

[13] Sekhar LN, Wright DC, Richardson R, Monacci W (1996) Petroclival and 
foramen magnum meningiomas: surgical approaches and pitfalls. J Neurooncol 29: 
249-259

[14] Spetzler RF, Daspit CP, Pappas CT (1992) The combined supra- and infratentorial 
approach for lesions of the petrous and clival regions: experience with 46 cases. 
J Neurosurg 76: 588-599

[15] Voss NF, Vrionis FD, Heilman CB, Robertson JH (2000) Meningiomas of the cer-
ebellopontine angle. Surg Neurol 53: 439-446; discussion 446-437



199

POSTERIOR FOSSA MENINGIOMAS

Andrew H. Kaye

Andrew H. Kaye, MBBS, MD FRACS is the James Stewart Professor of Surgery and 
Head of the Department of Surgery, The Royal Melbourne Hospital. He is the Director 
of the Department of Neurosurgery at The Royal Melbourne Hospital, and the Direc-
tor of the Melbourne Comprehensive Cancer Centre.

His main clinical interest involves neuro-oncology and cerebrovascular disease. He 
is the foundation  Editor-in-Chief of the Journal of Clinical Neuroscience and he au-
thored and co-authored numerous journal articles and book chapters, as well as fi ve 
books including being the co-author of “Brain Tumors”, a text recog nised as being the 
defi nitive work on the subject.

He was awarded the Commonwealth of Australia Centenary Medal in 2003 and the 
Order of Australia in 2004.

Contact: Andrew H. Kaye, Department of Neurosurgery, University of Melbourne, 
The Royal Melbourne Hospital, Parkville, Vic 3050, Australia
E-mail: a.kaye@unimelb.edu.au



ENDOSCOPIC SURGERY FOR SKULL BASE 
MENINGIOMAS

A. B. KASSAM

INTRODUCTION

Endoscopic surgery within the paranasal sinuses began in the early 1900s, 
however Gerald Guiot was the fi rst neurosurgeon to apply endoscopy during 
a transsphenoidal approach performed in 1963 [2, 10]. The development of 
rod lens systems by Harold Hopkins greatly accelerated the introduction of 
endoscopes into the operating room [8]. By the late 1970s, several neurosur-
geons had reported on the endoscope as an adjunctive tool during micro-
scopic resection of pituitary lesions with extrasellar extension [1, 4, 7, 9]. Yet, 
the endoscope did not outgrow its peripheral role in neurosurgery until the 
early 1990s when Jankowski and colleagues fi rst described pure endoscopic 
transsphenoidal approaches to the sella [12]. More recently, Paulo Cappabi-
anca and Luigi Cavallo have helped lead the popularization of a purely 
endoscopic transsphenoidal approach [3]. A critical point in the history of 
endonasal surgery has been the recent introduction of vascularized nasoseptal 
fl aps for reconstruction. The nasoseptal fl ap has greatly reduced the morbid-
ity of endoscopic skull base surgery and has made the endonasal resection of 
extrasellar skull base tumors, such as meningiomas, feasible [11, 16].

Since 1998, over 1000 patients have undergone endoscopic skull base sur-
gery at the University of Pittsburgh. Working closely with our ENT col-
leagues, Dr. Carl Snyderman and Dr. Ricardo Carrau, we designed a series of 
modular expanded endonasal approaches (EEA), which are a completely 
transnasal endoscopic surgery providing access to the ventral skull base down 
to the C2 vertebrae. Only after many years of refi ning EEA for sellar pathol-
ogy was this approach gradually applied to the skull base meningioma. In the 
last few years, EEA has proven to be a safe and effective corridor for over a 
hundred of these tumors at our institution. Nevertheless, EEA in our hands 
has not supplanted traditional skull base approaches for meningiomas but 
rather complemented it. We continue to feel strongly that the optimum surgi-
cal treatment for skull base meningiomas requires a 360  multicorridor strat-
egy whereby trajectories are created to avoid crossing the plane of cranial 
nerves. Specifi cally, in our opinion, the primary morbidity sustained during 
removal of skull base tumors occurs from mani pulating cranial nerves. There-
fore, if a corridor is selected (endonasal or lateral) it should be done so to 
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avoid crossing the plane of nerves. Occasionally this requires a multicorridor 
strategy thereby creating complementary roles for these approaches.

RATIONALE

Endoscopic skull base surgery is founded on anatomical studies which have 
demonstrated that the transnasal corridor can provide access to the entire 
ventral skull base extending from the crista galli to the spinomedullary junc-
tion; all 12 cranial nerves along with the carotid and vertebrobasilar arterial 
systems can be well visualized through the nose [5]. Moreover, many skull 
base tumors, including meningiomas, often originate along the ventral skull 
base and have a tendency to grow and displace neurovascular structures later-
ally (along the perimeter), which makes an anteromedial transnasal approach 
an attractive natural corridor. Finally, besides sparing patients a skin incision 
and the associated wound healing issues, the endonasal route perhaps most 
importantly obviates the need for retracting the brain, which may result in 
consequent morbidity.

The expanded endonasal approach has been constructed as a series of 
modular approaches in the sagittal (midline) and coronal (paramedian – lat-
eral to the carotid arteries) planes [14, 15]. The sagittal plane modules run 

Transcribriform

Transodontoid

Transplanum Transdorsum Transclival
sellae

Fig. 1. Sagittal plane modules for endonasal skull base surgery. Reprinted with permission 
from Kassam AB, Snyderman CH, Carrau RL, Mintz AH, Gardner PA, Thomas AJ, Prevedello 
DM. Silver Book – The Expanded Endonasal Approach to the Ventral Skull Base: Sagittal 
 Plane. Endo-PressTM, Tuttlingen, Germany, 2007
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between the internal carotid arteries as it courses along the ventral skull base. 
Theses median modules consist of the transcribriform, transplanum, transdor-
sum sellae, transclival, and transodontoid approaches (Fig. 1). The coronal 
plane paramedian modules are represented by approaches lateral to the inter-
nal carotid artery. Most ventral skull base meningiomas can be managed sole-
ly with the sagittal modules. It is infrequent that coronal EEA modules are 
used for the treatment of skull base meningiomas. Meningiomas located in 
Meckel’s cave can be accessed endonasally through the quadrangular space 
and meningiomas involving the infratemporal fossa can be approached using 
the coronal transpterygoid corridor [15]. We have utilized this modular sys-
tem to design an endonasal training scheme which requires that modules of 
increasing diffi culty be mastered in stepwise fashion starting with the trans-
sellar corridor. Many large skull base meningiomas require more than one 
EEA module for adequate resection. The anatomic “keyhole” of endonasal 
skull base surgery is the medial opticocarotid recess (OCR), which represents 
the ventral surface of the medial clinoid and lateral aspect of the tuberculum 
sellae and permits simultaneous entry into the carotid canal, optic canal, sella 
turcica, and medial cavernous sinus [15].

DECISION-MAKING

The decision to approach a skull base meningioma via an endonasal approach 
rests primarily on anatomical principles. If neurovascular structures are ven-
tral to a skull base tumor and will need to be manipulated in order to reach a 
tumor through the nose, then EEA should not be the preferred approach. 

Anterior wall
of the frontal
sinus

Skull base
beyond mid
superior
orbital

Brain stem

Lateral to
optic
nerves

Limitations of EEA

Fig. 2. Limitations of EEA. A line drawn in the sagittal plane from the anterior nasal septum 
to the posterior hard palate (K-line) defi nes the inferior limit of EEA. Moreover, tumors lateral 
to the optic nerve or lateral to the mid-superior orbit are best approached via craniotomy
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Therefore, tumors lateral to the optic nerve are still best approached via a 
transcranial approach (Fig. 2A). Moreover, a line drawn in the sagittal plane 
from the anterior nasal septum to the posterior hard palate defi nes the infe-
rior limit of an EEA – nasopalatine-line (Fig. 2B).

We also feel that endonasal surgery should only be offered to patients by 
neurosurgeons who have had substantial training in traditional skull base ap-
proaches and vascular neurosurgery. Neuronavigation has been critical to the 
advance of endoneurosurgery and all patients undergo preoperative imaging 
with fi ne-cut CT angiograms and brain MRI using image-guidance mask pro-
tocols. Patients with tumors surrounding or narrowing the internal carotid 
arteries on imaging are referred to a neurointerventionalist for diagnostic an-
giography and balloon test occlusion. We have only pursued preoperative 
endovascular embolization for skull base meningiomas that have a signifi cant 
feeder off the external carotid system. Tumor size has not been a limiting fac-
tor for EEA. In fact, large tumors, for which a staged operative strategy may 
be chosen, are particularly well suited for EEA given that the vascularized 
nasoseptal fl ap preserves the approach and can be peeled away multiple times 
to facilitate staged surgery.

In the fi nal analysis, the corridor selected is a function of: the goals of 
surgery, comorbidity of the patient, the surgeon’s experience, and position of 
critical neurovascular structures.  In particular the position of the cranial 
nerves determines the corridor if all other things are equal. Occasionally a 
multicorridor (combined EEA and open) may be the best approach.

SURGERY

We highly recommend and have employed a two-surgeon four-hand tech-
nique for all endonasal approaches. The dual surgeon operation fosters a team 
approach which becomes increasingly important with complex cases and the 
human-maneuvered endoscope affords one a real-time three-dimensional 
feedback which we feel is completely lost with the endoscope holders. The 
surgeons stand at the right side of the patient whose head is stabilized by 
Mayfi eld pin fi xation after the induction of endotracheal anesthesia. The 
vertex of the patient’s head is tilted to the left and the face is turned approxi-
mately 20  to the right side of the surgical bed. Somatosensory evoked poten-
tials are monitored in all cases to assess cortical function and brainstem evoked 
responses and cranial nerve electromyography are performed if deemed pru-
dent by tumor anatomy.

Pledgets soaked with 0.02% oxymetazoline are placed in the nose to decon-
gest the mucosa and povidone antiseptic solution is applied over the nose and 
upper lip. The abdomen is prepped with povidone if the need for a fat graft for 
reconstruction is anticipated. A third or fourth generation cephalosporin (usu-
ally ceftriaxone or cefi pime) is administered for antibiotic prophylaxis.
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1. GENERAL PRINCIPLES

1.1 Exposure

We advocate a binasal approach for all endonasal approaches. The endoscope is 
introduced into the right nostril at the 12 o’clock position and retracts the nasal 
vestibule superiorly to elongate the nostril. A suction tip is positioned within 
the right nostril at the 6 o’clock position. The left naris is reserved for dissecting 
instruments. A suction irrigation sheath or continual irrigation by the co-sur-
geon allows the endoscope lens to be cleaned without removing the endoscope 
from the nose. EEA begins within the right naris with removal of the middle 
turbinate. The nasal corridor is further widened by out-fracture of both infe-
rior turbinates. The contralateral middle turbinate is not removed but out-frac-
tured. The critical step is to resect the posterior third of the nasal septum. This 
prevents contamination of the endoscope when the instruments are passed 
from the contralateral side. Finally, it is imperative that when the exposures are 
created they are done so to accommodate the endoscope which takes physical 
space within the sinuses. Therefore, all exposures need to be exceptionally wide 
and involve a cavity or a sinus and a half. The half is for allowing the endoscope 
to maneuver without competing for space, and the remaining cavity provides 
for unobtrusive movement of the bimanual instrumentation.

1.2 Resection

The principles of resection are the same as they are for microsurgical resection. 
Specifi cally, the tenants of microsurgery and cerebrovascular surgery form the 
foundation for all tumor removal. The underpinning of this is bimanual dissec-
tion, which if not possible, signals the end of the procedure. The technique is 
traditional: capsular coagulation, internal debulking, extracapsular sharp dis-
section, identifi cation of critical neurovascular structures, and repeating the 
sequence. The degree of tumor removal is not contingent on the tool used for 
visualization (endoscope or microscope) but rather, the presence of arachnoid 
planes. The instruments used for endoscopic removal are identical to that of 
microscopic, i.e., suction and microscissors pre dominantly. There are no grasp-
ing forceps and no curettes used. Whenever possible, we favor a two suction 
technique for tumor debulking whereby one suction is used for debulking and 
the other provides gentle countertraction. For more fi rm tumors, a variety of 
instruments have been developed including an endonasal aspirator.

1.3 Reconstruction

The principles of reconstruction follow those of microsurgical repair. In con-
ventional skull base surgery this has evolved to rely on the use of vascularized 
fl aps, most commonly the pericranial fl ap. Similar evolution in endoscopic 
skull base surgery has yielded to the use of a vascularized nasoseptal fl ap that 
has proven to be robust and reliable.
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The nasoseptal fl ap: Currently, for all meningiomas treated with EEA, we 
reconstruct the skull base with a nasoseptal fl ap (Fig. 3). The nasoseptal fl ap 
is a pedicle fl ap of the nasal septum mucoperiosteum and mucoperichondri-
um which is based on the nasoseptal artery [16]. Radiographic studies have 
demonstrated that the nasal septum has the potential to yield a nasoseptal fl ap 
large enough to cover practically any defect engendered by a transcribriform, 
transplanum, transsellar, and transclival EEA [6]. The nasoseptal vascularized 
mucosal fl ap is elevated at the beginning of EEA using unipolar electrocau-
tery with an insulated needle tip to incise the septal mucosa. Two parallel inci-
sions are made in the septum which are joined anteriorly by a vertical incision 
which is usually placed just rostral to the anterior head of the inferior tur-
binate. The fl ap is elevated with Cottle dissection and is stored out of the way 
either in the nasopharynx (for transsellar approaches) or inside the maxillary 
sinus (for transclival and transodontoid approaches) until it is needed for re-
construction. The fl ap reconstruction is rarely augmented with abdominal 
fat grafts and is bolstered by an infl ated intranasal Foley balloon. In addi-
tion to this onlay reconstruction, a single layer of Duragen (collagen  Matrix, 
Integra Life Sciences, New Jersey) is used as a subdural inlay graft. There-
fore, the collagen matrix recapitulates the arachnoid while the nasoseptal 
fl ap recapitulates the dura.

2. SPECIFIC MODULES

2.1 Transcribriform approach

The working “cavity and a half” for this module consists of bilateral anterior 
and posterior ethmoidectomies and the half is represented by frontal sinuso-
tomy or Draf III procedure. This approach is defi ned by removal of the cri-
briform plate and anterior skull base and extends from the posterior  ethmoidal 

A B

Fig. 3. Nasoseptal fl ap. The Hadad-Bassegasteguy fl ap shown in the diagram (A) and in-
traoperatively (B) has become the foundation of endonasal skull base reconstruction. Re-
printed with permission from Kassam AB, Thomas A, Carrau RL, Snyderman CH, Vescan A, 
Prevedello D, Mintz A, Gardner P (2008) Endoscopic reconstruction of the cranial base using 
pedicled nasoseptal fl ap. Neurosurgery 63(1 Suppl 1): ONS44-ONS52
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artery to the crista galli and frontal sinuses. Transcribriform EEA is limited 
laterally by the lamina papyracea, anteriorly by the frontal sinuses, and pos-
teriorly by the transition with the planum sphenoidale. The key anatomic 
structures for this approach include the anterior cerebral arteries (A2) and 
their branches (fronto-orbital and fronto-polar) as well as the orbits. This ap-
proach is used for olfactory groove meningiomas (Fig. 4). Sparing olfaction is 
usually not an option given that the fi rst cranial nerves are commonly com-
promised by anterior skull base tumors. However, we have successfully per-
formed olfactory-preserving unilateral transcribriform EEA for small lesions. 
Tumor devascularization via coagulation of the dura mater and ligation of the 
anterior and posterior ethmoidal arteries signifi cantly aides in tumor resec-
tion. There are 3 primary feeders to meningiomas in this location: ethmoidal 
arteries, anterior falcine artery and parasitic supply from the anterior cere-
brals. Ethmoidals are eliminated during the bony exposure. The anterior fal-
cine becomes an important consideration during the dural opening. The dura 
must be opened paramedially and then the falx ligated in the midline once it 
can be dissected from both openings. This allows for not only control of the 
anterior falcine artery but also the inferior sagittal sinus. Therefore, the dura 
is never opened along the midline but rather, bilateral paramedian openings 
are created.

2.2 Transplanum approach

The working corridor for this module consists of a wide bilateral sphenoi-
dotomy and the “half cavity” consists of the posterior ethmoids. In this 
approach, we remove the planum sphenoidale and tuberculum sellae. The an-
terior limit of bony resection is marked by the posterior ethmoidal arteries 
since further anterior bony removal would damage olfaction. This approach 

A B

Fig. 4. Transcribriform approach for olfactory groove meningioma. Preoperative (A) and 
postoperative (B) brain MRI showing the complete resection of an olfactory groove menin-
gioma with transcribriform EEA. This 59-year-old woman presented with neurocognitive 
decline.  The nasal Foley is seen in the second image supporting the nasoseptal fl ap (arrow) 
reconstruction
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is ideal for meningiomas along the planum sphenoidale (Fig. 5), and the key 
anatomic landmark is the medial opticocarotid recess (OCR) which must be 
removed to allow access to the suprasellar region.  Reaching the suprasellar 
extent of a skull base meningioma with this approach is greatly facilitated by 
resection of the tuberculum sellae. The planum is drilled from a rostral-to-
caudal direction and fractured inferiorly with a Kerrison rongeur once it is 
thinned suffi ciently. The dura can be safely opened from one internal carotid 
artery to the other after the medial OCRs have been resected. The most im-
portant anatomic structures related to this approach are the optic nerves, 
ophthalmic arteries, the internal carotid arteries, and the anterior cerebral ar-
teries (A1, Heuber, anterior communicating arteries). It is imperative to iden-
tify and preserve the superior hypophyseal arteries as they can be the primary 
subchiasmatic blood supply. Therefore, the bipolar should be used sparingly 
and sharp dissection is mandatory for perforator preservation.

2.3 Transclival approach

The working corridor in this module consists of the bilateral sphenoidotomy 
and the nasopharyngeal space. EEA can provide an important ventral corri-
dor for petroclival meningiomas. The ventral corridor allows for early devas-
cularization and can be combined with other transcranial approaches to treat 
these complex lesions (Fig. 6). We divide the clivus into thirds (upper, middle, 
and lower). The transclival approach can be used to remove a single third of 
the clivus or a panclivectomy can be performed. The vidian nerve and artery 
are important landmarks in this module as they travel in the vidian canal to 
join the genu of the anterior internal carotid artery [17]. After the basopha-
ryngeal fascia is completely removed from the fl oor of the sphenoid sinus and 
clival face, the clivus is drilled with a 3 mm coarse bit. After the clivus is re-
moved, the dural mater and underlying basilar venous plexus are exposed. 

A B

Fig. 5. Transplanum approach for tuberculum sellae meningioma. Preoperative (A) and 
post operative (B) contrasted sagittal MRI of the brain showing the complete resection of a 
large tuberculum sellae meningioma
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Microfi brillar collagen “sandwiches” are used to control sinus bleeding which 
can be profuse. Once intradural, care must be taken to identify the abducens 
nerve which is always located at the vertebrobasilar junction. Access to the 
interpeduncular cistern is possible after dural opening and control of the basi-
lar venous plexus. The key neurovascular structures exposed include the 
brainstem, cranial nerves II, III, and VI, the basilar and vertebral arteries, 
superior cerebellar arteries, and the posterior cerebral arteries.

It is important to note that sometimes lesions can extend behind the upper 
third of the clivus into the retrodorsal region encroaching upon the contents 
of the interpeduncular cistern. In these cases the meningioma will become 
very intimate with the posterior circulation and requires a direct approach. 
An endoscopic pituitary transposition followed by a dorsectomy and poste-
rior clinoidectomy can provide for unprecedented exposure to this region. A 
direct view of the interpeduncular fossa allowing for cerebrovascular dissec-
tion of the posterior circulation can be achieved using this module [13].

2.4 Transodontoid approach

Foramen magnum meningiomas situated anterior to the brainstem are well 
suited for this approach (Fig. 7). If performed independently of a transclival 
approach, a sphenoid opening is not necessary. The arch of the C1 vertebrae 
and the odontoid process are exposed and removed with a drill. The medial 
occipital condyle can be partially drilled and one alar ligament sacrifi ced 
without compromising stability. The critical anatomic structures in this mod-
ule are the vertebral arteries, the posterior inferior cerebellar arteries (PICA), 
the brainstem, and the lower cranial nerves. Most important in this module is 
the position of the hypoglossal canal which emerges at the “10 and 2 o’clock” 

A B

Fig. 6. Transclival approach for petroclival meningioma. Preoperative (A) and postoperative 
(B) MRI of the brain showing signifi cant debulking of a large petroclival meningioma via EEA
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position at the foramen magnum. There, EEA is appropriate for lesions be-
tween the hypoglossal canals which displaces the nerve along the perimeter.  
If the lesion is lateral to the “10 and 2 o’clock” position then an external lat-
eral paracondylar approach is preferred.

HOW TO AVOID COMPLICATIONS

In our opinion, there are two primary sources of morbidity: neurovascular 
related (arterial and venous) and cranial nerve. Vascular morbidity can be 
minimized by ensuring the operating surgeon has a strong foundation in mi-
crosurgical techniques and cerebrovascular surgery. Furthermore, as dis-
cussed above, creating adequate exposure allowing for bimanual resection 
using the principles above is mandatory. Perforator preservation, particularly 
in the perichiasmatic space, is critical to ensure optimum visual outcomes. 
Several considerations on preoperative imaging should be observed that de-
termine the degree of cerebrovascular dissection required. First, one should 
observe if there is a cortical cuff of brain tissue separating the tumor capsule 
from the Circle of Willis and its branches. If so, these are ideal endoscopic 
cases to begin and develop an intradural experience. Second, if there is no 
cuff, is the vessel adherent to the capsule or is it encased by the tumor. These 
represent progressively more complex situations that the surgeon must de-
cide if his/her experience is adequate to deal with endoscopically. Finally, in 
the case of any vascular dissection, proximal control is a requirement.

A B

Fig. 7. Transodontoid approach for foramen magnum meningioma. Preoperative (A) and 
postoperative. Reprinted with permission from Prevedello DM, Kassam AB, Snyderman C, 
Carrau RL, Mintz AH, Thomas A, Gardner P, Horowitz M. Endoscopic cranial base surgery:  re-
ady for prime time? Clin Neurosurg 2007 Oct; 54: 48–57. (B) CT angiogram of the head of a 
46-year-old woman with an anteriorly-based foramen magnum meningioma who underwent 
two-stage transodontoid EEA
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With respect to cranial nerves, this really is the driving issue that deter-
mines the approach. The golden rule that is pursued is to avoid crossing the 
plane of a nerve. For example, in the anterior skull base if the lesion is lateral 
to the optic nerve, a lateral approach is selected whereas, if it is medial, an 
endonasal approach is used. On occasion, particularly for petroclival lesions, 
an EEA corridor is used until a nerve is reached and then a posterior lateral 
corridor is used. It should be noted that there are situations in which cyto-
reductive surgery may be the desired goal depending on the patient’s comor-
bidities, age, and symptoms.

With respect to reconstruction, we believe strongly in the use of vascularized 
reconstruction techniques. We have found the use of grafts and prostheses to be 
less reliable and more prone to delayed leaks. CSF diversion via lumbar drain is 
used only if: wide arachnoidal cisternodissection has been done, a ventricle has 
been opened, or signifi cant spillage of subarachnoid blood has occurred creating 
risk of transient hydrocephalus. In the event a leak does occur (5–10% inci-
dence) [11], we recommend immediate and early re-exploration rather than 
diversion with a lumbar drain. Early re-exploration will usually identify a small 
segment of the reconstruction that can easily be augmented with little diffi culty. 
This prevents the formation of mucosalized fi stulae which can prove very prob-
lematic to reconstruct and also minimizes the risk of infection. Using this strat-
egy, our incidence of bacterial meningitis has been less than 2%.

CONCLUSIONS

Meningiomas of the skull base are only “benign” through the eyes of a micro-
scope and the morbidity and mortality of their natural history and treatment 
remains signifi cant. On a foundation of traditional skull base approaches, we 
have, after years of accruing experience with endoscopic transsphenoidal ap-
proaches, began to use the endonasal corridor increasingly. Our preliminary 
experience has proved that EEA can be applied safely and successfully to 
skull base meningiomas from the cribriform plate to the foramen magnum. 
The visual and endocrine morbidity of EEA for skull base meningiomas has 
compared favorably with transcranial approaches, and I believe that this ap-
proach currently provides the most direct and least invasive neuroprotective 
strategy for many skull base meningiomas. We embrace the onus of long-
term outcomes as we continue to disseminate these techniques and apply 
EEA patiently on a case-by-case basis in lieu of traditional operative ap-
proaches; however we still rely on external corridors. In the end, independent 
of the corridor used, the technique of microsurgery and cerebrovascular sur-
gery are identical and the endoscope and microscope only provide visualiza-
tion tools. Therefore, the endoscope is only a tool and outcomes are depen-
dent upon the judgment with which the tool is selected and the technique by 
which it is applied.
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MANAGEMENT OF PITUITARY ADENOMAS
J. D’HAENS

INTRODUCTION

Pituitary disorders touch on many aspects of the medical fi eld. Our under-
standing of the role of the pituitary gland continues to evolve. New endo-
crinologically active molecules which can modify or infl uence therapeutic 
approaches to pituitary disorders are being discovered. It is of prime impor-
tance that neurosurgeons involved with pituitary surgery be well informed 
about the most recent therapeutic advances available. Interdisciplinary debate 
with endocrinologists and radiologists is essential to make the best possible 
therapeutic decisions.

The role of the pituitary gland has intrigued scientists and doctors for 
many centuries. It was only in 1887 that its clinical role was discovered by 
Minkowski, one year after acromegaly was described by Pierre Marie. The 
fi rst pituitary tumor operations were performed at the end of the 19th cen-
tury. Transsphenoidal surgical techniques have been improving since 1907 
when Schloffer performed the fi rst successful transnasal operation in  Vienna 
[7]. In the USA, Hirsch (1910) and Cushing (1912) contributed to the evo-
lution of transsphenoidal surgery and had surgical mortality rates as low as 
9.5 and 4.8% without the use of cortisone or antibiotics. Cushing initially 
used a head light and otologic mirrors but eventually discontinued trans-
sphenoidal surgery because of insuffi cient vision on the surgical fi eld. Later, 
Guiot and Derome (1967), in Paris, and Hardy (1969), in Montreal, again 
popularized the transsphenoidal approach by introducing the surgical mi-
croscope, intraoperative radiographs and image intensifi cation. With fur-
ther technical  improvements in neurosurgery and the introduction of 
 antibiotics and cortisone, surgical mortality dropped under 1%. The recent 
 introduction of endoscopy has reduced nasal complications and improved 
patient comfort. The endoscope had already been used by G. Guiot during 
transsphenoidal surgery more than 40 years ago but the pure endoscopic 
approach to pituitary lesions was introduced by Jankowski and Jho in the 
mid 1990s.

Pituitary tumors can be approached using either a transcranial pro cedure 
from above or an inferior transsphenoidal route. The choice of the technique 
to be used will depend on the shape of the tumor and its ex tension. Most 

Keywords: pituitary adenomas, transsphenoidal approach, endocrinology
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cases can be approached by the transsphenoidal route except when the tumor 
has largely and diffusely invaded the intracranial space.

RATIONALE

1. HISTOPATHOLOGY AND CLINICAL CONSIDERATIONS

Pituitary adenomas arise from the anterior pituitary gland and account for 
about 10% of intracranial tumors.

Modern pathological classifi cation of pituitary adenomas is based on im-
munohistochemistry and electron microscopy. From a clinical point of view 
these tumors are classifi ed as either functioning or nonfunctioning adenomas 
depending on whether or not there are clinical and biological signs of hormo-
nal hypersecretion.

Any anterior pituitary gland cell type can be at the origin of an 
adenoma: somatotroph cells, corticotroph cells, lactotroph cells, thyreo-
troph cells and gonadotroph cells. Functioning adenomas are characterized 
by clinical symptoms resulting from hormonal hypersecretion caus ing 
acromegaly, Cushing’s disease, amenorrhea-galactorrhea or hyperthy-
roidism.

Gonadotrophinomas usually result in pituitary insuffi ciency and mass 
 effect on surrounding structures. They very seldom cause hormonal hyperse-
cretion syndrome.

Some adenomas, such as mixed GH-PRL cell adenomas, arise from two 
populations of cells. They cause acromegaly and are associated with varying 
levels of hyperprolactinemia. Other tumors derive from less differentiated 
progenitor cells that have the capability to produce both GH and PRL. They 
tend to follow a more aggressive clinical course.

Biologically nonfunctioning adenomas can be silent adenomas showing 
immunohistochemical features similar to biochemically active adenomas but 
producing hormones lacking bioreactivity, or they can be null-cell adenomas 
derived from incomplete differentiated adenohypophysial cells that are not 
actively engaged in hormone production. The latter are histochemically im-
munonegative, as are oncocytomas.

Clinically speaking, the revealing symptom of microadenomas is related 
to endocrine hypersecretion. These tumors are too small to provoke visual 
symptoms or pituitary insuffi ciency.

Nonfunctioning pituitary adenomas result in a clinical picture related to 
the compression of structures surrounding the sella turcica, such as the optic 
pathways, and cause a typical bi-temporal visual fi eld defect, or the failure of 
one or several anterior pituitary secreting functions as a result of the com-
pression of the residual pituitary gland.

Pituitary functions are under hypothalamic control. Most hypotha-
lamic hormones have a stimulating effect on anterior pituitary cell secre-
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tion. However, dopamine’s PRL-inhibiting activity confers inhibitory 
control on prolactin secretion to the hypothalamus. This explains the 
slight increase in the serum prolactin level that can result from com-
pression of the pituitary stalk (stalk effect). Somatostatin, another hy-
pothalamic factor, inhibits secretion of growth hormone and TSH. Severe 
damage to the pituitary stalk will cause diabetes insipidus by interrupting 
the pathways carrying vasopressin from the hypothalamus to the poste-
rior pituitary gland.

Malignant adenomas and pituitary carcinomas occur very infrequently.
Ninety percent of ACTH-secreting adenomas are microadenomas. Some 

are so small that even high-quality magnetic resonance imaging (MRI) is 
unable to visualize them. On the other hand, 70 to 90% of GH-secreting 
adenomas are macroadenomas showing invasiveness in about 30% of cases. 
PRL-secreting microadenomas are usually discovered in childbearing-aged 
women whereas in men, prolactinomas are nearly always diagnosed at the 
macroadenoma stage.

Pituitary apoplexy is a clinical syndrome related to hemorrhagic or necrot-
ic changes occurring in pituitary adenomas. The patient experiences acute 
onset of severe headaches associated with visual disturbances and clinical 
signs of meningeal irritation. The treatment consists of high-dose corticoster-
oids and correction of blood electrolytes balance secondary to acute hypo-
pituitarism. Early surgical decompression is warranted to relief visual 
disorders.

2. RADIOLOGICAL ASPECTS AND CLASSIFICATION

Tumors are classifi ed according to size and invasiveness, which is predictive 
of surgical results. There is no consensus on the use of a universal classifi ca-
tion but one which has stood the test of time was proposed by Hardy in 1976 
[5]. This classifi cation is based on modifi cations of the sella turcica on plain 
X-ray studies and is now adapted to MRI fi ndings. The tumors are divided in 
four groups as follows.

Grade I tumors, or microadenomas, are lesions up to 10 mm in 
diameter.

Grade II tumors are more than 1 cm in diameter and cause diffuse enlarge-
ment of the sella turcica with or without suprasellar extension. These non-
invasive macroadenomas remain enclosed in the anatomical structures 
 containing the pituitary gland (diaphragma sellae, medial wall of the cavern-
ous sinus, dura of sellar fl oor and dorsum sellae) that can be displaced but not 
invaded.

Grade III tumors are adenomas which show signs of local invasion. Some 
of them can be smaller than 10 mm (invasive microadenomas) [8].

Grade IV tumors show extensive and diffuse invasion of the skull base 
and/or the intracranial space.
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DECISION-MAKING

1. IMAGING

The role of MRI in microadenomas is to confi rm the existence of clinically 
suspected tumors and to localize them in order to facilitate surgical removal. 
Microadenomas usually appear as a rounded or oval images which, after in-
travenous contrast medium injection, present hypointense signal intensity 
compared to the normal surrounding pituitary gland.

In macroadenomas, MRI is used to determine the extent of the tumor and 
its relationship with surrounding structures in order to orient the therapeutic 
choice and surgical approach. The normal compressed pituitary gland is 
 reduced to a thin layer appearing as a contrast-enhanced crescent-shaped im-
age close to the medial wall of the cavernous sinus or the diaphragma sellae, 
opposite the site of origin of the tumor where the cavernous sinus may be 
invaded (Fig. 1).

Upward extension of non-invasive tumors occurs through stretch  ing of 
the diaphragma sellae or by extension through the natural aperture 
of the diaphragma, where the top of the tumor has a regular shape. In-
vasive tumors infi ltrate the diaphragma in an asymmetric and irregular 
fashion.

Radiologic assessment of parasellar invasion presents the problem 
of distinguishing whether the inner wall of the cavernous sinus has been 
infi ltrated or simply displaced [11]. Correlation between radiological and 

Fig. 1. Macroadenoma with residual pituitary gland and cavernous sinus invasion
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Fig. 3. Pituitary gland anterior to the lesion (craniopharyngioma)

surgical fi ndings has shown that tumor extension beyond the lateral tan-
gent on the intra- and supracavernous segments of the internal carotid 
artery (ICA) strongly suggests invasion of the cavernous sinus space 

Fig. 2. Lateral tangent to intra- and supracavernous ICA in invasive adenoma
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(Fig. 2). Encasement of the intracavernous ICA greater than 45% of its 
circumference is another very specifi c and early sign of cavernous sinus 
invasion.

Visualization of a thin layer of residual normal pituitary gland anterior to 
the tumor suggests a lesion arising from posterior, such as a Rathke cleft cyst 
or a craniopharyngioma (Fig. 3).

2. PREOPERATIVE OPHTHALMOLOGIC EVALUATION

Visual fi eld defect is the fi rst anomaly to appear in the course of visual path-
way compression. A peripheral fi eld defect affecting the superior and tempo-
ral quadrants is observed in the early course of chiasmatic compression from 
below (Fig. 4). In a later stage, when the central visual fi eld becomes affected, 
visual acuity drops dramatically. Optic atrophy at funduscopic examination 
appears after a long evolution of the disease and is predictive of a poor visual 
outcome after surgical decompression. Diplopia and ophthalmoplegia indi-
cate compression or invasion of the cavernous sinus and can appear suddenly 
in the case of “pituitary apoplexy”.

3. PREOPERATIVE ENDOCRINOLOGICAL EVALUATION

Basal hormonal dosage values reveal gross pituitary insuffi ciency. Patients 
presenting hypopituitarism should be preoperatively treated to restore thy-
roid and corticotroph functions in order to avoid cardiac and blood pres-
sure instabilities during anaesthesia. Correction of hypocortisolism can be 
started the day before surgery with intravenous administration of cortico-
st eroids. Treatment of thyroid insuffi ciency should be started orally 10–14 
days before surgery with gradually increasing doses of thyroid hormone 
replacement.

Fig. 4. Visual fi eld defect in pituitary adenoma
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Other pituitary function disorders, such as gonadotroph or somatotroph 
insuffi ciencies are treated after postoperative hormonal re-evaluation. Diabe-
tes insipidus, usually transitory when occurring after surgery, requires nasal 
administration of desmopressine.

When dealing with clinical symptoms suggestive of pituitary hypersecre-
tion, the preoperative endocrinological workup will require more extensive 
dynamic hormonal stimulation and/or suppression tests.

The biochemical criteria for prolactinomas include elevated basal plasma 
prolactin (PRL) levels and a blunted PRL response to intravenous thyrotro-
pin-releasing hormone (TRH), in the absence of any medication infl uencing 
prolactin levels.

A diagnosis of acromegaly is based on elevated serum insuline-like growth 
factor I (IGF-I) levels and the inability to suppress serum growth hormone 
(GH) during an oral glucose tolerance test (OGTT).

Cushing’s disease is confi rmed by the presence of detectable plasma adreno-
corticotropin hormone (ACTH) concentrations in patients with increased 24-
hour urinary free cortisol excretion, loss of circadian plasma cortisol pattern 
and failure of low dose (1 mg) dexamethasone to suppress cortisol secretion 
(serum cortisol >1.8 μg/dl or 50 nmol/l). In the event of a negative MRI, bilat-
eral inferior petrosal sinus sampling (IPSS) is advocated to confi rm the central 
origin of hypercortisolism [9] and to determine the lateralization of the lesion 
in the pituitary gland. This is to perform a hemi-hy pophysectomy should there 
be no evidence of adenoma during surgical exploration. IPSS is also advocated 
in the presence of small (<6 mm) microadenomas on the MRI because of the 
high percentage (10%) of pituitary incidentalomas (Tables 1 and 2).

Table 1. Screening for hypercortisolism
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The measurement of detectable, inappropriately normal, or elevated se-
rum thyroid-stimulating hormone (TSH) levels in the presence of clinical and 
biological hyperthyroidism with elevated peripheral thyroid hormones in-
dicates inappropriate TSH secretion and is suggestive of the presence of a 
thyrotropinoma. A blunt TSH response to TRH stimulation supports the 
presence of a TSH-secreting tumor. Sex hormone-binding globulin (SHBG), 
a marker of peripheral hormone action, is elevated in more than 80% of pa-
tients with a TSH-secreting tumor. This is not the case in thyroid hormone 
resistance, another situation associated with elevated serum TSH.

MANAGEMENT

1. TREATMENT OPTIONS

Surgery is required for the great majority of symptomatic pituitary adenomas 
except in the case of prolactinomas, for which a simple and particularly effec-
tive medical alternative to surgical treatment is available (Tables 3 and 4). 
Dopamine agonists (DA) are effective in suppressing hormonal hypersecre-
tion and for tumor growth control in more than 90% of prolactinomas. 
However, DAs are not tumoricidal, and discontinuation of the medication 
can result in prompt re-expansion of the tumor.

Suppressive drugs are less effective in reducing the volume of the tumor in 
other secreting adenomas. They can sometimes be used as a fi rst-line treat-

Table 2 
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ment but are usually prescribed after surgery when complete removal of the 
tumor was not possible.

Ketoconazole can usefully be used in the treatment of hypercortisolism to 
inhibit various steps of adrenal and testicular steroidogenesis but the long-
term benefi cial effect of this drug is somewhat variable. Medical treatment 
of hypercortisolism is usually prescribed to improve a patient’s physical con-
dition before surgery or after unsuccessful surgery and when waiting for 
radiotherapy to take effect in patients who have received this other treatment 
modality. Bilateral endoscopic adrenalectomy should be considered if there is 
persistent hypercortisolism after radiotherapy or if a pharmacological thera-
py has become ineffective.

In acromegaly, long-acting somatostatin analogs provide long-term con-
trol of hypersomatotrophism and normalization of IGF-I levels. They can be 
used preoperatively to shrink the pituitary adenoma but are more effective in 
the correction of hormonal hypersecretion after debulking of the tumor. The 
newly developed GH receptor antagonist pegvisomant may become another 
therapeutic option to normalize IGF-I levels. DA should be tried fi rst in 
mixed PRL-GH-secreting adenomas.

Somatostatin analogs are very effective for the treatment of thy-
rotropinomas.

The place of radiation therapy in the treatment of pituitary adenomas re-
mains controversial. Correction of hormonal hypersecretion can be achieved 
with radiosurgery in about 50% of cases after a delay varying from six months 
to two years. The best indication for radiosurgery is a localized residual 

Table 4. Indications for surgery in prolactinomas

• Tumor unresponsive to dopamine agonists
• Intolerable side effects of dopamine agonists
• Women with macroprolactinoma before attempting pregnancy
 •  Young women with non-invasive adenomas who want to avoid long-term medical 

therapy

Table 3. Indications for surgery in pituitary adenomas

1) Mass effect due to macroadenomas:

• On visual pathways with visual fi eld defect
• On cavernous sinus with occulomotor palsy
• On residual healthy pituitary causing progressive hypopituitarism

  NB: start DA in macroprolactinomas

2) Functioning adenomas:

• Patient’s preference in prolactinomas
• Surgery in other functioning adenomas
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adenoma in the cavernous sinus after transsphenoidal surgery. The main ad-
vantage of stereotactic radiosurgery is to focus the radiation on the target, 
preserving healthy surrounding tissue. When diffuse invasion is present, frac-
tionated stereotactic radiotherapy is mandatory if no effective pharmacologi-
cal therapy can be offered.

The choice of treatment, that is, surgical or medical, will be strongly infl u-
enced by its effectiveness and the clinical results that each therapeutic modal-
ity can provide in any given situation.

Remission of hormonal hypersecretion can be obtained with surgery 
alone in 75–85% of non-invasive adenomas [3]. This drops to barely 20% in 
invasive adenomas. Long-term recurrence rates of hormonal hypersecre-
tion after surgical correction depend on the criteria for remission used 
(Table 5) and vary from 7 to 25%. On the other hand, recurrence of hyper-
prolactinemia after withdrawal of dopamine agonists in micro- and macro-
prolactinomas treated medically for decades with success occurs in 34 and 
53 of cases, respectively.

2.  SURGICAL APPROACH SELECTION: TRANSSPHENOIDAL 
VERSUS TRANSCRANIAL

A transsphenoidal approach can be used for about 95% of all pituitary ade-
nomas. In tumors with signifi cant anterior extension into the anterior 
cranial fossa or lateral extension into the middle fossa, either a transcranial 
approach consisting of a pterional or a subfrontal craniotomy, or a combina-

Table 5. Endocrinological criteria for remission in secreting pituitary  adenomas

Prolactinomas: normalization of the postoperative serum prolactin level checked 
at least six weeks postoperatively and after withdrawal of any dopamine agonists 
within the same period

Cushing’s disease: (highly variable criteria)

• undetectable post-operative serum cortisol levels (within 48–72 h)
•  Normalization or suppressed serum ACTH and cortisol levels, and 24-h urinary 

free cortisol concentrations
•  Overnight low-dose dexamethasone inhibition test (matinal serum cortisol 

level < 18 μg/l)

Acromegaly: (Conference of Cortina d’Ampezzo, 1999)

• normalization of the basal GH level below 2.5 μg/l
• IGF-I normal for age and gender
• Suppression of GH to < 1 μg/l during OGTT

Thyrotropinomas:

• normalization of plasma TSH and peripheral thyroid hormone levels
•  normalization of dynamic responses to TRH or T3 are good predictor of long-term 

remission
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tion of both these approaches is required. In dumbbell-shaped tumors with 
both a signifi cant intrasellar component and a suprasellar-intracranial exten-
sion separated by a narrow neck, transsphenoidal surgery can fi rst be tried to 
decompress the visual pathways. Postoperative imaging will indicate if a sub-
sequent transcranial approach will be required.

Since the mortality rate is very low when the transsphenoidal approach is 
used by experienced surgeons (less than 1%), priority must be given to this 
technique in diffi cult cases. The situation must be re-evaluated after this fi rst 
surgical step. Repeated transsphenoidal resections can be proposed to decom-
press any residual mass. This is because intracranial pressure will cause the 
residual suprasellar tumor to progressively descend into the sella in the weeks 
following surgery.

Combined approaches and staged procedures have to be considered in 
diffi cult cases as do alternative treatment modalities such as tumor-suppres-
sive drugs and radiation therapy. In the case of very fi brous adenomas that 
cannot be removed by the transsphenoidal approach, care should be taken to 
avoid worsening of visual function by manipulation of the optic nerves and 
optic chiasm during subsequent cranial surgery.

Mortality and morbidity related to hypothalamic ischemia, chiasmatic 
manipulations and uncontrollable bleeding during cranial surgery for large 
pituitary adenomas is mentioned in the literature.

As a corridor can be safely drilled into the sphenoid bone under naviga-
tion or fl uoroscopic control during the endoscopic procedure, transsphenoi-
dal surgery can be performed on young children (≥ 5 years) or when the 
 sphenoid sinus is poorly pneumatised [6].

A small-normal sized sella turcica in the presence of a macrotumor with 
suprasellar extension is not suited for transsphenoidal surgery and implies 
reconsidering the diagnosis of pituitary adenoma.

3. ENDOSCOPIC APPROACH

The fully endoscopic endonasal approach is becoming the “gold standard” in 
pituitary surgery. In our practice this approach has improved our ability to 
achieve complete resection of pituitary adenomas. It has resulted in fewer 
surgical complications and shorter hospitalization times.

The patient is installed in a semi-sitting position to minimize venous 
bleeding and to facilitate the prolapse of the suprasellar extension of the ade-
noma during tumor resection.

Antibiotic prophylaxis is given for 48 hours since the endonasal approach is 
a clean-contaminated procedure. Stress dose corticosteroids are started during 
surgery if no residual pituitary gland can be identifi ed during tumor resection.

We use a 300 mm long by 4 mm diameter rigid-endoscope (Olympus, 
 Germany) with angled lenses of 0 , 30  and 70 . The endoscope is fi tted on a 
camera (Storz, Germany). An endoscope holder (Aesculap, Germany) with a 
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pneumatic system for locking and unlocking the instrument position enables 
fast displacements of the endoscope and provides surgeons with the possibil-
ity of using both hands to operate the surgical instruments. We do not use an 
irrigation sheath because it increases the endoscope diameter to more than 
5 mm and a drop of washing fl uid often remains hanging on the lens, creating 
visual distortion. We prefer to clean the lens and regularly wash the surgical 
fi eld with a syringe fi tted with a long blunt needle inserted into the nostril 
beside the endoscope. We still use the bayonet-shaped instruments used for 
the classic microscopic procedure in order to avoid contact between the sur-
geon’s fi ngers and the endoscope.

We perform the entire single nostril approach ourselves using the side 
controlateral to the tumor’s greatest extension. However, we recommend co-
operation with an ENT surgeon for neurosurgeons who are not yet familiar 
with classic microscopic transsphenoidal surgery.

The narrow endonasal way between the middle turbinate and the nasal 
septum is widened by lateral luxation of the turbinate’s head. After broad 
mucosal coagulation with a coated aspiration cannula or a specially designed 
coagulation ball (Storz, Germany), the posterior part of the nasal septum is 
disarticulated from the sphenoid rostrum. The temporary use of a Killian re-
tractor can be useful to hold the narrow corridor open between the nasal 
septum and the middle turbinate. The sphenoid sinus ostium is a crucial land-
mark indicating the upper and lateral margin of the sphenoidotomy (Fig. 5).

Fig. 5. Right nostril approach
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We always use fl uoroscopic guidance or a neuronavigation system to avoid 
misdirection toward the anterior cranial fossa and to check the bony land-
marks at each step of the procedure. It is crucial to maintain a midline 
trajectory to avoid undesirable entrance into the cavernous sinus. Midline 
orientation can be determined with a navigation system but not with a C-arm 
fl uoroscopy. The base of the rostrum is a good anatomical landmark to local-
ize the midline (Fig. 6).

A wide bilateral anterior sphenoidotomy is mandatory in order to insert 
both the endoscope and other surgical instruments into the sphenoid sinus 

Fig. 7. Anterior bilateral sphenoidotomy

midline

septum

dissector

right sphenoidotomy

Fig. 6. Midline exposure after right sphenoidotomy and septum luxation to the left side
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without competition between them during the next steps of the procedure. 
This manoeuvre can be performed with a microchisel, a Kerrison-type punch 
(Fig. 7), or a high-speed drill under direct visual control [1].

A wide opening of the vertical portion of the sellar fl oor is necessary for 
correct exploration of the sellar content. Removal of the horizontal part of 
the sellar fl oor is not necessary and will make reconstruction and packing of 
the sella more diffi cult at the end of the operation. Dural opening must re-
spect the upper part of the exposed dura, corresponding to the intercavernous 
sinus, to avoid bleeding and damage to the diaphragma sellae that can pro-
lapse into the sella, especially in the case of small microadenomas. Lateral 
opening must be performed very cautiously to avoid damage to the carotid 
arteries. Exploration behind the dura with a blunt hook before making a lat-
eral incision ensures safe exposure.

Macroadenomas are removed with ring curettes, avoiding any traction on 
the tumor. We recommend starting the resection by curetting inside of the 
tumor, avoiding extra capsular dissection that could damage the thin residual 
pituitary gland. This thin layer of pituitary tissue must be identifi ed by pre-
operative MRI (Fig. 1).

We fi rst remove the inferior part of the adenoma and then proceed laterally 
along the wall of the cavernous sinuses in order to allow the spontaneous de-
scent of the suprasellar extension of the tumor into the sella. Bilateral compres-
sion of the jugular veins is a safe, effective and simple way to facilitate prolapse 
of the diaphragma. If this prolapse cannot be obtained, the insertion into the 
sella of endoscopes with 30  or 70  angled lenses will allow visualization and 
further resection of any residual tumor. In some cases the diaphragma will re-
main in a high position adherent to the base of the brain, even after total re-
moval of the tumor, and will progressively drop down later.

When cerebrospinal fl uid (CSF) leaks occur, we take subcutaneous ab-
dominal fat through a small curvilinear incision in the navel to avoid visible 
scars on the abdomen and plug it into the sella, avoiding over-packing. In this 
case we recommend placing a lumbar drainage at the end of the operation 
while the patient is still under anesthesia. This drainage should be maintained 
for several days.

We reconstruct the sellar fl oor with bone fragments from the rostrum and 
fi x them with fi brin glue. If repeated surgery is indicated in the future, this 
will greatly facilitate new exploration by providing a clear anatomical land-
mark at the entrance of the sella.

The posterior nasal septum is repositioned on the midline and the 
middle turbinate is tilted back to its anatomical position in order to avoid 
post-operative synechia with the ostium of the maxillary sinus that could 
cause sinusitis or mucocoele formation. Postoperative nasal packing is not 
necessary.

Patients are discharged on postoperative day 1 or 2, except if an early ex-
tensive postoperative endocrinological workup is requested.
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4. ADVANTAGES AND DISADVANTAGES OF ENDOSCOPIC SURGERY

Advantages of endoscopy over the microscopic procedure are numerous and 
summarized in Table 6.

The main advantages of the fully endoscopic procedure are the less 
invasive character for the patient and the better view of the surgical fi eld 
for the neurosurgeon, including the possibility of “looking around the 
corner” [2].

Disadvantages of endoscopy include the lack of binocular vision and the 
narrow surgical corridor that is partially occupied by the endoscope, leading 
to possible competition with the surgical instruments.

5. RESULTS

Using the fully endoscopic transnasal approach, endocrinological remission 
rates in non-invasive functioning adenomas are about 75 to more than 80%. 
Results achieved in non-invasive grade 2 macroadenomas are similar to those 
obtained in microadenomas.

The invasive character of the tumor is a factor infl uencing the results neg-
atively: correction of hormonal hypersecretion in parasellar invasive mac-
roadenomas is only exceptionally observed.

Visual improvement is nearly always obtained after good decompression 
of the visual pathways from below, using a transsphenoidal approach, unless 
a long preoperative evolution has resulted in optic atrophy.

Careful tumor resection should avoid postoperative hypopituitarism; 
however, literature mentions new anterior pituitary insuffi ciency in up to 
14% of the cases.

Postoperative transient diabetes insipidus is the most frequent complica-
tion and generally recovers in 48 hours.

Using endoscopy, postoperative CSF leakage rates vary from 1.2 to 6% [4].

Table 6. Advantages of fully transnasal endoscopic surgery

• Minimal septum manipulation (no perforation)
• Minimal retraction (no post-op facial swelling)
• No nasal packing
• Less post-op pain
• Panoramic view of the sphenoid sinus (more adequate opening of the sellar fl oor)
•  Better visualisation of the lateral wall of the cavernous sinus and the suprasellar 

area
• Patient can be discharged home on postop day 1 or 2
•  Possibility to use high-speed drill or intrasellar ultrasonic aspirator under 

endoscopic visual control
• Easy reoperation
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6. MANAGEMENT OF POSTOPERATIVE RESIDUAL LESION

Nowadays, effective drugs on functioning pituitary adenomas are at our dis-
posal. If they are not used in fi rst-line therapy, they can prove to be very 
useful after incomplete surgical resection. Reoperation and radiation therapy 
must be considered individually.

HOW TO AVOID COMPLICATIONS

Complications can be due to a wrong track causing damage to the optic 
nerves, perforating the cribriform plate or penetrating the cavernous sinus 
and damaging the VIth nerve or the carotid artery (Table 7). Frequent fl uoro-
scopic or navigation controls to check the anatomical landmarks during the 
surgical approach are recommended.

Hypothalamic damage, CSF leak and diaphragmatic breach or hypopitu-
itarism can result from too aggressive tumor resection. Gentle handling of 
smooth ring curettes and avoiding any traction on the tumor or the surround-
ing structures should prevent these complications.

Nasal and sinuses infectious complications will be avoided by repositioning 
the nasal septum and the middle turbinate at the end of surgery to ensure good 
ventilation. The use of prophylactic antibiotics for 48 hours is recommended.

CONCLUSIONS

Pituitary adenomas represent more than 10% of intracranial tumors and are a 
frequent cause for neurosurgical consultation.

Pituitary diseases show multiple and different pathological and clinical 
aspects, requiring multidisciplinary diagnostic approaches and multimodality 
treatment options including endocrinology, surgery and radiotherapy [7].

Despite recent improvements in medical therapy, surgery still has an im-
portant place in the treatment of these lesions and requires well-trained 
pituitary surgeons. In experienced hands, pituitary surgery and especially 
endoscopic transsphenoidal surgery is safe with very low morbidity [1, 4, 
7, 10].

Table 7. Complications in endoscopic transsphenoidal surgery

•  Due to wrong track: damage to the optic nerves, cribriform plate, cavernous sinus 
contents (VIth nerve, carotid artery)

•  Due to too agressive tumor resection: hypothalamic damage, CSF leak, 
 diaphragmatic breach, hypopituitarism

• Nasal complications
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Lifelong follow-up is needed because recurrent disease can occur, even 
after complete remission [7].
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CRANIOPHARYNGIOMAS
J. ŠTEŇO

INTRODUCTION

Craniopharyngioma is a benign extra-axial epithelial tumor which often 
follows an aggressive clinical course resulting in signifi cant morbidity and 
shortened life expectancy. Harvey Cushing (1932) considered it “the most 
baffl ing problem confronting the neurosurgeon” [9]. Mortality after radical 
tumor removal representing  almost 100% lowered after availability of ste roid 
replacement [9]. Further improvement of surgical treatment was brought by 
 microsurgery [2, 5, 7, 12, 16]. Nevertheless, surgical treatment of craniophar-
yngiomas still remains a challenge. The diffi culty of surgical treatment is 
caused by complex and intimate relationship of the  tumor with adjacent 
 nervous and vascular structures of utmost functional i mportance.

RATIONALE

Controversy of a benign histological nature and malignant clinical course of 
craniopharyngioma together with diffi cult surgery led to two different atti-
tudes to the management of this neoplasm: (a) radical surgical excision, (b) 
intentional incomplete (subtotal or partial) excision and radiotherapy.

The argument for radical surgery is a considerably lower recurrence rate 
after complete tumor removal comparing to subtotal or partial tumor re-
section reaching 0–36% and 40–64%, respectively and worse outcome of 
 secondary surgery. Many neurosurgeons therefore advocate radical tumor re-
moval [2, 4, 5, 10, 11, 14, 16, 17].

The authors advocating conservative surgery and radiotherapy stress 
lower incidence of endocrine defi cit, hypothalamic insuffi ciency, major dis-
ability and even higher rate of local tumor control [6]. There is almost gen-
eral agreement on decreasing the number of recurrences after radiotherapy. 
Choux et al. reported 56.6% recurrence rate after incomplete removal with 
lowering to 29.6% after radiotherapy [2]. Some other studies however 
found no relation between recurrence and adjuvant radiotherapy – neither 
globally nor in patients with incomplete resection [15]. Different modalities 
of irradiation (conventional external radiation therapy, gamma knife or lin-
ear accelerator radiosurgery, radioactive yttrium implantation) in our clini-
cal series failed to prevent the recurrence or progression of the tumor in fi ve 
of eleven patients followed from 6 to 60 months after irradiation.

Keywords: craniopharyngioma, neuro-oncology, intracranial tumor
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Moreover the radiotherapy can also damage the pituitary, the hypothala-
mus, the visual structures, it may cause Moyamoya syndrome and malignant 
gliomas [4]. The rate of endocrinological deterioration can be the same for 
both modes of treatment [17]. In our morphological study of autopsy series 
of craniopharyngiomas [13] the occlusion of the supraclinoid internal carotid 
artery occured in a 15 years boy six years after intracystic instillation of 90 
yttrium and two years after additional external radiotherapy.

The best management of craniopharyngiomas seems to be a radical tumor 
removal. Complete surgical eradication of the tumor tissue however may not 
be reachable in some instances because of: (a) complex relationship of the  tumor 
with the structures of the chiasmatic-hypothalamic-pituitary region (diffi cult 
accessibility) and (b) its fi rm adherence to surrounding structures (problematic 
resectability). Sainte-Rose et al. [11] recommend radical removal for tumors 
not involving, or just compressing the hypothalamus and intentional subtotal/
partial excision and radiotherapy for tumors involving hypothalamus. The 
problem is how to distinguish between these two conditions as our morpho-
logical and clinical studies showed that some  craniopharyngiomas extending 
towards the third ventricle, even the tumors entirely occluding its cavity may 
just compress the hypothalamus and not invade it [13, 14].

DECISION-MAKING

1. DIAGNOSTIC CRITERIA

1.1 Clinical presentation

The most common signs and symptoms include visual disturbances observed 
in up to 82% of the patients, more frequent in adults, and endocrine defi cien-
cies revealed in more than 90% of the patients, more frequent in children. 
Children rarely become aware of visual problems and often present after al-
most complete visual damage has taken place. Endocrine defi ciencies include 
those for growth hormone (75%), gonadotropic (40%), thyrotropic (35%) 
and corticotropic (25%). Most young patients present with growth failure 
and delayed puberty, sometimes obesity. Adults complain of decreased sexu-
al drive and almost 90% of men complain of impotence, while most women 
complain of amenorrhea. Diabetes insipidus is noted in up to 17% of children 
and up to 30% of adults. Signs of increased intracranial pressure from ob-
structive hydrocephalus are frequent in patients with the tumor invading the 
cavity of the third ventricle. Cognitive impairment and personal changes are 
observed in up to 50% of the patients.

1.2 Neuroimaging

Changes of the sella revealed by plain radiography may help to differentiate 
primarily intrasellar, i.e. infradiaphragmatic from primarily supradia-
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phragmatic tumor growth. Originally infradiaphragmatic tumors, i.e. intrasel-
lar or intrasellar and suprasellar craniopharyngiomas enlarge the sella similar to 
the pituitary adenomas. Such a balooning sella differs from a shallow sella with 
depressed tuberculum and shortened dorsum acquiring a “J” or a “pear” form 
which can be found in supradiaphragmatic tumors displacing the diaphragm 
and the pituitary downwards. Calcifi cations are present in about 85% of chil-
dren and in 40% of adult patients with craniopharyngiomas. They are more 
sensitively detected by computed tomography.  Calcium deposits are present in 
most adamantinous tumors. In intraventricular and extraventricular crani-
opharyngiomas calcium deposits are located predominantely in basal, i.e. su-
prasellar part of the tumor. Egg-shell like calcifi cation of the wall of a cystic 
tumor may occasionally delineate the entire lesion. Cyst fl uid is usually of low 
density, however cystic  portions may appear dense or solid if they contain a 
suffi cient quantity of suspended calcium salts.

Heterogeneous nature of the craniopharyngiomas is best displayed by 
magnetic resonance imaging (MRI). Solid parts of the tumor are most often 
isointense on T1 images and show contrast enhancement. Hyperintense ring 
enhancement of the cyst wall is common. The high signal of the cyst fl uid 
seen on T1 in some tumors is related to high protein content or blood break-
down products. MRI provides information on the topography essential for 
planning surgical approach and techniques.

2. INDICATIONS

The analysis of the clinical data and radiological fi ndings showed no prognos-
tic factors for the recurrence of craniopharyngioma except for the quality of 
the exeresis confi rmed by the fi rst postoperative MRI [8]. Optimum treat-
ment according to the literature and our own experience is safe radical tumor 
removal whenever possible. The goal can be achieved if the chosen 
surgical approach allows suffi cient exposure of the tumor. Direct visual con-
trol of the relations of the latter with adjacent structures helps the surgeon to 
decide for the optimum degree of the radicality of tumor removal. The adequ-
acy of surgical approaches depends on the topographical relationship of the 
tumor with adjacent structures.

2.1 Topography of the tumor

The relationship of craniopharyngiomas with the structures of the sellar-supra-
sellar region depends fi rst of all on the point of original growth of the tumor 
[3]. The craniopharyngiomas may start to grow within the sellar cavity below 
the diaphragm or above it. Enlargement of the infradiaphragmatic, i.e. intrasel-
lar craniopharyngiomas causes upwards displacement of the sellar diaphragm 
and the arachnoid. Such an intrasellar and suprasellar craniopharyngioma 
grows below the chiasm and gradually compresses and displaces it  upwards as 
well as the fl oor of the third ventricle similarly to pituitary  adenomas (Fig. 1).
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The point of original growth of primarily supradiaphragmatic tumors 
may be in the pituitary stalk or inside the infundibulum, i.e. in the most basal 
part of the fl oor of the third ventricle. Tumors starting to grow from the pi-
tuitary stalk are located in the subarachnoid space (intraarachnoidally) and 
grow below the chiasm and the fl oor of the third ventricle (suprasellar extra-
ventricular craniopharyngiomas). A part of such a tumor almost always ex-
tends anteriorly in front of the chiasm between the optic nerves where it can 
be reached. Rarely we met a suprasellar extraventricular craniopharyngioma 
growing exclusively behind the chiasm [13, 14]. The cause of retrochiasmatic 
location of a suprasellar extraventricular tumor could be short optic nerves 
and premorbidly prefi xed chiasm.

The tumors taking their origin from the infundibulum grow from the 
beginning behind the chiasm in the region of its posterior angle between 
the optic tracts. Growing tumor may disrupt the fl oor of the third ventricle 
at the beginning of its development. The lower part of the tumor then 
grows in the suprasellar space, the upper one extends into the cavity of the 
third ventricle and comes in direct contact not only with the atrophied 
remnants of the fl oor of the third ventricle but also with lateral ventricular 
walls. Such location of a craniopharyngioma, namely partially inside and 
partially outside the cavity of the third ventricle (intraventricular and ex-
traventricular craniopharyngiomas) is the most common among all topo-
graphical types. Although these tumors are located behind the optic 
chiasm the most basal part of the tumor can rarely extend below the chiasm 
or even between the optic nerves but in much less extent than in extraven-
tricular tumors. This happens in a patient with premorbidly long optic 
nerves and a postfi xed  chiasm. The fi nal relation of all craniopharyngiomas 
with the chiasm is thus the consequence of two factors, the point of original 

A B C D

Fig. 1. Schematic representation of relationship of intrasellar and suprasellar (A), suprasellar 
extraventricular (B), intraventricular and extraventricular (C) and intraventricular (D) cranio-
pharyngiomas with the optic chiasm and the fl oor of the third ventricle (dashed lines)
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tumor growth and the premorbid topographical variation of the optic 
chiasm.

While the suprasellar extraventricular tumors grow in the subarachnoid 
space, extrapially, the intraventricular and extraventricular craniopharyngi-
omas, although extraaxial tumors, are in direct contact with the brain tissue 
since the beginning of their development and grow as intrapial lesions. 
Tumors growing from the infundibulum may rarely be localized completely 
within the third ventricle (intraventricular craniopharyngiomas).

2.2 MRI characteristics of the topographical relations

The changes of the sella as seen on sagittal MRI scans are similar to those de-
scribed at plain radiography of the skull. Relation of the tumor to the sella and 
its diaphragm can be even more precisely assumed according to the  appearance 
on the coronal scans (Fig. 2). Direct visualisation of the chiasm is a rule in small 
tumors. Also in cases with large intraventricular and extraventricular tumors 
located entirely behind the chiasm the latter may be clearly delineated at the 
anterior-inferior surface of the tumor on the midsagittal scans. The position of 
the chiasm can also be detected indirectly according to the location of the ante-
rior communication artery (AcomA) on sagittal scans as the vessel lies immedi-
ately above the chiasm (Fig. 3). The relation of the tumor with the distorted 
fl oor of the third ventricle or with its atrophied remnants containing the hy-
pothalamic structures can be assessed only indirectly. According to the results 
of our clinical and radiological study, MRI fi nding of a completely retrochias-
matic tumor accompanied by hydrocephalus is the evidence of intraventricular 
(at least partially) location of the tumor [14]. In cases with intraventricular and 
extraventricular craniopharyngiomas the remnants of the fl oor of the third 
 ventricle are located around the “equator” of the tumor. On the contrary, 
supra diaphragmatic tumor apparently oc cupying the whole cavity of the 3rd 
ventricle which does not cause hydrocephalus and at the same time grows par-
tially in front of the optic chiasm (as shown by the position of the AcomA), is 
located below the third ventricular fl oor, i.e. extraventricularly (Fig. 4).

A B C

Fig. 2. Relationship of the craniopharyngiomas to the sella on coronal MRI scans. A  Intrasellar 
and suprasellar, B suprasellar extraventricular, C intraventricular and  extraventricular
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SURGERY

Surgical strategy and tactics are based on the answers to two questions: 
Where to begin, and when to stop tumor removal? The topographical rela-
tionship of the tumor with the sella (infradiaphragmatic vs supradiaphrag-
matic location), with the optic chiasm (prechiasmatic or subchiasmatic vs 
exclusively retrochiasmatic location), and with the hypothalamic structures 
(extraventricular vs intraventricular and extraventricular or rare purely intra-
ventricular location) have to be fi nd out by preoperative neuroradiological 

A

C

B

D

Fig. 3. Relationship of suprasellar extraventricular (A, B) and intraventricular and extra-
ventricular (C, D) craniopharyngiomas with the structures of the optic pathway, anterior 
communicating artery (AcomA), and the third ventricle. A, C Schematic representation, 
1 optic nerve, 2 chiasm, 3 optic tract, 4 internal carotid artery, arrow, AcomA. B, D MRI 
scans showing the position of the AcomA (arrow)
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workup in order to choose appropriate surgical approach (Fig. 5). The neuro-
radiological fi ndings determine also planning of the surgical steps. However, 
there are some factors limiting the possibilities of revealing the topographical 
relationships by means of diagnostic imaging methods. Firstly, indirect signs 
of either extraventricular or intraventricular tumor location may not be ex-
pressed in a small retrochiasmatic supradiaphragmatic tumor not reaching the 
foramina of Monro and not causing hydrocephalus. Such a tumor may lie 
below the third ventricular fl oor or it may be embedded inside the infundibu-
lum and the tuber cinereum. Secondly, besides the clear-cut topographical 
types of craniopharyngiomas there are rare cases of transitional types of tu-
mors displaying the features of two topographical groups. For instance, in 

A B

C D

Fig. 4. Preoperative and postoperative MRI scans of suprasellar extraventricular 
(A, B) and intraventricular and extraventricular (C, D) craniopharyngiomas. A, C Arrow: 
AcomA, open arrow: chiasm. B Preserved fl oor of the third ventricle (arrow) after subfron-
tal tumor removal. D Remnants of the ventricular fl oor after combined transcallosal and 
trans-lamina terminalis tumor removal (arrows)
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some cases of intrasellar and suprasellar craniopharyngioma which is usually 
extraarachnoidal, the upper part of the tumor may grow within the subarach-
noid space having intimate relationship with the pial vessels of the fl oor of the 
third ventricle similar to suprasellar extraventricular tumors. This situation was 
observed in a dumbbell tumors. Still, the most important limitation is inability 
of MRI to reveal the intensity of the tumor adherence to surrounding neural 
and vascular structures. The fi nal decision about the extent of tumor removal 
thus cannot be made before the operation.

1.  THE CHOICE OF SURGICAL APPROACH AND THE EXTENT 
OF TUMOR REMOVAL

1.1 Intrasellar, and intrasellar and suprasellar craniopharyngiomas

For intrasellar craniopharyngiomas the only appropriate approach is the 
transsphenoidal route which exposes entire tumor and allows identifi cation 
of the remnants of pituitary located in front of the tumor or behind it [5]. In 
majority of the cases in which compressed pituitary was found it could be 
detected at the sellar fl oor immediately after dural incision. Transsphenoidal 
approach is suitable also for the intrasellar and suprasellar craniopharyngi-
omas if the MRI suggests infradiaphragmatic location with the exception of 
the tumors of a dumbbell or multinodular shape which is rather rare in intra-
sellar and suprasellar craniopharyngiomas (Fig. 6). In our series of 40 infra-
diaphragmatic tumors four were intrasellar, the others extended above the 
sellar entrance. Some of them were of a large or even giant size.

To expose the tumor via transsphenoidal route we use unilateral parasep-
tal, usually sublabial approach performed under operative microscope from 
the fi rst incision. In order to get suffi cient exposure of intrasellar content a 
large opening of the sphenoid sinus and the sellar fl oor is mandatory [5]. The 
anterior wall of the sinus and the sellar fl oor is resected under neuronaviga-
tion guidance. The remnants of the pituitary were found in one third of the 
intrasellar and suprasellar tumors including a large one. The gland identifi ed 

A B C D

Fig. 5. Diagram of surgical approaches to intrasellar and suprasellar (A), suprasellar extra-
ventricular (B), intraventricular and extraventricular (C), and intraventricular (D) craniophar-
yngiomas avoiding hypothalamic structures of the fl oor of the third ventricle (black)
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at the bottom of the enlarged sella, was split in the midline and displaced to 
the sides so the tumor capsule could be identifi ed. The capsule always adheres 
to surrounding dura covering the sellar cavity, nevertheless the tumor does 
not invade the cavernous sinus as it can be seen in pituitary adenomas. The 
capsule is detached from the dura by pulling it into the sellar cavity and by 
detaching by microdissector, sometimes sharp dissection is necessary. If the 
capsule is thin and fragile care must be taken not to lose its continuity as then 
it may not be identifi ed and may be unintentionally left in place. On the oth-
er hand, a thick fi rmly adhering capsule may not be possible to dissect free 
and a part of it has to be left in place. The capsule may contain egg-shell like 
calcifi cation which may be a blade like sharp so the maximum caution is nec-
essary during its removal. Adherence of the capsule to the diaphragm is al-
ways extensive, its removal is sometimes not possible without resection of the 

Fig. 6. Intrasellar and suprasellar craniopharyngioma (left) removed via unilateral  subfrontal 
approach (right)
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diaphragm and transsection of the pituitary stalk. Preservation of the pitui-
tary stalk necessitaes leaving the piece of the capsule in some cases.

Even the tumors with a large suprasellar extension can be removed by 
transsphenoidal approach. Only the tumors with irregular shape, e.g. 
 dumbbell lesions with narrow entrance to the sella or the tumors with multi-
nodular suprasellar part we approached by unilateral frontal cranio tomy 
(Fig. 6) which we also use in almost all suprasellar extraventricular cranio-
pharyngiomas.

1.2 Suprasellar extraventricular craniopharyngiomas

Primarily supradiaphragmatic tumors we expose transcranially (Fig. 4). 
 Partial prechiasmatic extension of a great majority of the suprasellar extra-
ventricular craniopharyngiomas allows tumor removal through the prechias-
matic space between the optic nerves, anterior margin of the chiasm, and the 
sellar tubercle; through the optico-carotid triangle between the lateral mar-
gin of the optic nerve and chiasm, supraclinoid carotid artery, and the A1 
segment of anterior cerebral artery; and laterally to the carotid. All these 
 extracerebral routes to the tumor are accessible by unilateral subfrontal 
 approach. Removal of an extraventricular tumor through the lamina termi-
nalis would jeopardize hypothalamic structures of the fl oor of the third 
 ventricle covering the upper surface of the tumor. Therefore a rare extraven-
tricular tumor growing exclusively behind the optic chiasm we  approach 
 below and behind the chiasm through pterional craniotomy. Skull base ap-
proaches enabling to approach the tumor more from below like orbitozygo-
matic or transpetrosal approach may be of great help in these cases.

For both subfrontal and pterional approaches we perform frontotemporal 
skin inision just behind the hair line, beginning from the midline medially and 
continuing laterally to the zygoma, preferably on nondominant side. The 
 extent of the bone fl ap in subfrontal approach includes the convexity of the 
frontal bone at its merges with the supraorbital rim at its middle and lateral 
portions. In cases of a large frontal sinus the latter may be opened and then 
closed by the periostal fl ap before opening of the dura. After evacuation of the 
cerebro-spinal fl uid (CSF) by lumbar drain and opening the dura, the sellar 
region is approached with the forceps in one hand and the sucker in the other 
without spatula. The carotid and chiasmatic cisterns are opened for more CSF 
evacuation, then the medial part of the Sylvian fi ssure is opened for relieving 
the pressure on the frontal lobe. Removal of the tumor starts by opening and 
evacuation of of the cyst if visible. Subarachnoid space around exposed tumor 
is blocked by cottonoid pads before the opening of the cyst to prevent the leak-
age of the cyst content into the CSF space.

Solid parts of the tumor are removed piecemeally. The capsule is then 
detached from the optic nerves, the optic chiasm, the carotid arteries and 
their branches. At this stage the capsule may be dissected from the pituitary 
stalk which may be displaced by the tumor towards one side. In some cases 
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the dissection of the tumor capsule from the pituitary stalk is relatively easy 
(Fig. 7) in others its lower part fades in the capsule and cannot be traced down 
to the sella.

The tumor may adhere to large blood vessels. Intraoperative damage to in-
ternal carotid artery has been reported. Especially removal of a calcifi ed por-
tion of the tumor from the wall of the carotid in children may be dangerous. 
Such an extensive calcifi cation may be met more commonly in intraventricular 
and extraventricular tumors. In suprasellar extraventricular craniopharyngi-
omas the tumor could be dissected safely from the adventitia even if it com-
pletely enveloped the large arteries at the base of brain (Fig. 8). Extreme care 
must be taken to look for the minute perforating vessels, the branches of the 
supraclinoid carotid and the posterior communicating arteries supplying the 
visual pathways and the hypothalamus. The vessels are coagulated and cut only 
after it has been proven that they supply only the tumor. If the perforators ad-
here fi rmly and cannot be safely detached from the tumor surface we leave a 
part of the capsule harbouring the vessels. More common cause of an incom-
plete removal of the suprasellar extaventricular craniopharyngioma is the ad-
herence of the upper pole of the tumor to pia mater of the superiorly displaced 
fl oor of the third ventricle. If the capsule cannot be dissected without disrup-
tion of the pial vascular network the part of it or even a small piece of a calcifi ed 
tumor tissue has to be left in place. Removal of the posterior pole of the tumor 
usually does not pose a problem as the basilar artery, its branches and the brain 

Fig. 7. Suprasellar extraventricular craniopharyngioma removed via bilateral subfrontal ap-
proach. Center – 2 days postoperatively, right – 5 years postoperatively. Note preserved 
pituitary stalk
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stem are protected by the Liliequist membrane covering the posterior border 
of the tumor. In a rare case where the posterior perforators adhere to the tumor 
capsule the attachment is rather loose, so we always could detach the tumor 
without damaging the vessels.

1.3 Intraventricular and extraventricular craniopharyngiomas

Displacement of the atrophied remnants of the fl oor of the third ventricle 
around the “equator”of the intraventricular and extraventricular craniophar-
yngiomas allows to approach the tumor through the cavity of the third 
 ventricle as well as by extracerebral approaches. However, common low po-
sition of the chiasm and a slit-like optico-carotid triangle most often preclude 

A

B

Fig. 8. Coronal MRI scans of suprasellar extraventricular craniopharyngioma encapsulating 
the bifurcation of the internal carotid artery before (A) and after (B) radical tumor removal
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extracerebral tumor exposure. Opening of the lamina terminalis allows good 
exposure of the anterior and the basal parts of the intraventricular mass and 
of the entire extraventricular portion of the tumor. Basal part of the tumor is 
often calcifi ed, sometimes it turns into a rock-like mass which has to be bro-
ken into pieces by CUSA. After piecemeal removal of the basal part of the 
tumor the pituitary stalk may be seen below the chiasm after pulling the latter 
upwards from the sellar tubercle. The chiasm quite often stays prefi xed even 
after complete tumor removal. In some cases the pituitary stalk cannot be 
identifi ed or just its lower part can be found at the entrance into the opening 
of the sellar diaphragm. The rest is destroyed by the tumor. After  removal of 
the basal part of the tumor the brainstem comes into view, together with the 
basilar artery and its branches separated from the tumor by Liliequist mem-
brane. If the mammillary bodies are displaced predominantly basally, they 
can be seen in front of the brainstem. The remnants of the infundibulum and 
the tuber, if present, and their supplying blood vessels originating from the 
posterior communicating artery can be clearly seen and spared. This  approach 
also provided good access to the postero-basal expansion of the tumor into 
the cerebellopontine angle seen in one patient. Majority of intraventricular 
and extraventricular craniopharyngiomas may be removed via trans-lamina 
terminalis approach. A disadvantage of this approach is insuffi cient exposure 
of the superior-posterior part of the third ventricular cavity. The most supe-
rior-posterior part of a large or giant intraventricular or intraventricular and 
extraventricular tumor reaching the roof of the 3rd ventricle can thus not be 
seen directly. The upper limit of the direct visual control of the ventricular 
cavity is represented by the line connecting the lower limit of the craniotomy 
and the AcomA. The upper part of the tumor hidden above this borderline 
can thus be seen only after pulling it down to the lower part of the ventricle 
or by opening the lamina terminalis also above the AcomA. We prefer to 
reach the tumor through the foramina of Monro using trans callosal approach. 
Another advantage of this approach is the possibility to start tumor removal 
at its upper pole where it only touches and not invades the walls of the third 
ventricle. More basally it merges with the hypothalamus and the plane of 
cleavage between the tumor and the remnants of the third ventricular fl oor 
sometimes cannot be found. Adhering portions of the tumor capsule or even 
its parenchyma should be left in place in such situations in order to avoid seri-
ous damage to hypothalamus.

We have abandoned the transfrontal transcortical approach. Our expe-
rience with the third ventricle tumors of other histological types than 
craniopharyngiomas confi rmed the data from the literature concerning the 
incidence of seizure complications which is much higher than after trans-
callosal exposure. On the other hand our results confi rmed the ob servation 
of the others that a short incision up to two centimeters in the anterior part 
of the corpus callosum behind its genu causes no clinically apparent neu-
ropsychological defi cit. We have observed severe though transitional short 
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memory disturbances in only one patient. The tumor, an intraventricular 
and extraventricular craniopharyngioma was removed through the lamina 
terminalis below and also above the AcomA. The cause of memory dis-
turbances lasting for almost one year could be a bilateral manipulation of 
the columnae of the fornix and the anterior commissure. We avoid the 
manipulation of both parts of the fornix whenever possible. During tran-
scallosal approach we try to remove the tumor through one foramen 
of Monro using the other one for assessing the completeness of tumor 
removal.

The transcallosal approach has also its limitation. The most inferior-
anterior part of the tumor is not exposed suffi ciently. Therefore a com-
bined trans-lamina terminalis and transcallosal approach is necessary for 
the exposure of the entire tumor. According to our experience suitable 
approach to giant intraventricular and extraventricular craniopharyngi-
omas is combined one stage subfrontal and transcallosal approach through 
one large unilateral frontal craniotomy [14]. We perform a large unilateral 
bone fl ap beginning at the lateral and the middle thirds of the orbital rim 
anteriorly, crossing the midline by 1.5 cm medially, and reaching or ex-
ceeding by one centimeter the coronal suture posteriorly. An opening 
of the dura approximately 7 cm long (in anteroposterior diameter) en-
ables combined one-stage transcallosal and subfrontal tumor exposure 
(Fig. 7). The indication for combined approach is a giant tumor located 
entirely behind the chiasm/AcomA reaching the roof of the third ventri-
cle behind the foramina of Monro and causing hydrocephalus.

1.4 Intraventricular craniopharyngiomas

Rare purely intraventricular craniopharyngiomas push the fl oor of 
the third ventricle downwards. Extracerebral approach would jeopardize the 
hypothalamic structures covering the basal part of the tumor. The tumor 
may be removed through the third ventricular cavity either by opening of the 
lamina terminalis or through the foramina of Monro. Adherence of the tu-
mor to lateral walls of the third ventricle is less pronounced than in intraven-
tricular and extraventricular craniopharyngiomas. The tumor is attached to 
partially atrophied fl oor of the ventricle. If the border and the plane of cleav-
age between the tumor and the hypothalamus can be found the tumor may 
be removed radically.

2. PERIOPERATIVE MANAGEMENT

Pituitary insuffi ciency is common before surgery. Appropriate perioperative 
hormonal replacement therapy therefore is necessaryy. The dose of hydro-
cortisone depends on the location and the extension of the tumor, and the 
radicality of surgery. In large or giant tumors involving hypothalamus 400 mg 
of hydrocortisone is administered during the day of surgery: 100 mg before 
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surgery, 100 mg during tumor removal and the rest after the operation. The 
dose is progressively diminishing during next days to approximately one fi fth 
of the initial dose on the fi fth postoperative day.

Severe acute hypothalamic failure may occur after removal of the tumor 
adherent to hypothalamus with subsequent life threatening metabolic distur-
bances. Careful monitoring and early correction of mineral and water balance 
disturbances presenting by diabetes insipidus, hypernatremia and hypoka-
liemia, is absolutely mandatory. The disturbance may be the consequence of 
a combination of disruption of pituitary stalk (lack of antidiuretic hormone) 
and damage of osmoreceptors in anterior hypothalamus (loss of thirst sensa-
tion). Disturbances of the fl uid and electrolyte balance we treat at the inten-
sive care unit. Detailed measurement of intake of fl uid and output of urine, 
blood and urine level of natrium and potassium should start at the day of 
surgery continuing twice a day later on. Measurement of osmolality of serum 
and urine should also be performed twice a day in cases with severe meta-
bolic disturbances. Antidiuretic hormone (ADH) is administered if the diu-
resis exceeds 1 liter in 6 hours and if there is tendency to hypernatremia and 
hyperosmolality. Hyponatremia and hypoosmolality may follow after the 
phase of central diabetes insipidus. It may be a part of different syndromes, 
inappropriate ADH secretion (SIADH), cerebral salt wasting syndrome 
(CSWS) and others. Management of the disturbance includes fl uid restriction 
in transient or asymptomatic SIADH and aggressive replacement of urine 
water losses in CSWS. Sodium replacement is necessary in advanced stage. 
Treatment of these life threatening metabolic disturbances should be man-
aged by anesthesiologist experienced in neurointensive care.

3. NONSURGICAL TREATMENT

Adjuvant therapy includes irradiation and chemotherapy with bleomycin. 
The latter may lead to shrinking of the cystic tumor and reinforcement of the 
capsule which is then less fragile and its complete removal is easier. However 
severe complications associated with intratumoral treatment with bleomycin 
have been reported.

Shrinking of cystic craniopharyngioma may also be achieved by means of 
instillation of the solution of beta-emitting radioactive isotopes of 90 yttrium, 
198 gold or 32 phosphorus. Stereotactic radiosurgery may also be indicated. 
Close tumor relationship to visual pathways however is a limiting factor for 
the targeted single high dose irradiation by gamma knife or by linear accel-
erator dedicated to radiosurgery. Growth arrest or even tumor regression was 
reported also after conventional external radiotherapy. All kinds of radiation 
treatment we reserve for the tumors recurring after repeated surgery. We have 
recommended external radiotherapy of the fi rst recurrence in a single case 
where the adhesions seen at primary surgery were extensive so a successful 
removal of the recurrent tumor seemed unlikely.
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4. LONG-TERM RESULTS

The outcome of surgery depends on the topographical type of the tumor, its 
size, and the extent of surgery. In a series comprising over 60% of large and gi-
ant tumors in which radical tumor removal was achieved in 90% of the cases, 
the mortality reached 16.7%. On the other hand the tumor recurred in only 
7% [16]. In another large series there was no operative mortality after trans-
sphenoidal surgery and 1.1% mortality after primary transcranial surgery with 
45.7% radical removals. The recurrence-free survival rate in 10 years after total 
removal was 81.3%, after subtotal and partial removal it reached in 5 years only 
48.8% and 41.5% respectively [5]. The difference in outcomes of transsphenoi-
dal and transcranial surgery is most probably caused by different topography 
and the size of the tumors operated by either approach. In our consecutive se-
ries of 100 patients operated since 1991 there was no mortality in 40 infradia-
phragmatic tumors (22 transsphenoidal, 18 transcranial) including a large and 
giant ones with 80% radical removals (90% in primary surgery). Out of 60 
patients with supradiaphragmatic tumors (75% radical removals) four patients 
died after surgery (6.7%). During the follow up of 12–201 months, mean 91 
months, the tumor recurred in 19 of 94 patients after primary surgery (20.2%), 
in 16% after radical and in 40% after incomplete removal. Although higher 
mortality in general is reported after secondary surgery we had no death after 
37 operations in 25 patients with 59.5% radical removals of recurrent tumor. At 
the end of follow up 86 patients were alive. Two of them were partially and one 
was totally dependent because of bilateral blindness that had been present be-
fore surgery. Preoperative visual functions remained stable or improved in 79 
patients and worsened in seven. Permanent diabetes insipidus was found in 
69.8%, anterior pituitary hormonal replacement of at least one hormone was 
necessary in 91.2%. There were no postsurgical neuropsychological sequelae, 
except for a long lasting temporary memory defi cit in 1 adult and episodes of 
emotional lability and aggressiveness in 1 child. Impaired cognitive functions 
present before surgery in 2 children improved.

HOW TO AVOID COMPLICATIONS

Hypopituitarism may be the consequence of the damage to anterior lobe of 
the pituitary, or to the tuber cinereum, or it may be caused by the interrup-
tion of the portal vessels within the pituitary stalk. The pituitary gland and 
the pituitary stalk are most easily preserved in cases with intrasellar or a 
small intrasellar and suprasellar craniopharyngiomas during transsphenoi-
dal surgery. However, even preservation of the remnants of pituitary con-
nected with the hypotalamus by preserved pituitary stalk does not secure 
appropriate anterior pituitary function.

Diabetes insipidus is another common consequence of craniopharyngi-
oma removal. It has been documented that the disturbance can be reversible 
if the pituitary stalk is cut low just above the diaphragm.
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Acute postoperative disturbances of water and electrolyte balance and 
chronic hypothalamic insuffi ciency with the weight gain or progression of pre-
operative obesity is the consequence of damage to hypothalamic structures, or 
to their blood supply, or both. In order to avoid serious damage to the hypotha-
lamus one should choose surgical approach avoiding hypothalamic structures 
and dissect the tumor safely. A safe removal of a tumor which comes into direct 
contact with the neural tissue (intraventricular or intraventricular and extraven-
tricular craniopharyngiomas) means fi nding the exact border between the tumor 
and the hypothalamus, a clear plane of cleavage and easy detachment of the tu-
mor. The parts of the tumor which cannot be safely dissected free from the 
structures of the fl oor or from the lateral walls of the third ventricle should be 
left alone. In extraventricular tumors care should be taken to preserve the perfo-
rators adhering to the tumor capsule and all the pial vessels of the lower surface 
of the distendend and distorted fl oor of the third ventricle.

The same is true for visual disturbances. Severe disorders may appear after 
interruption of the blood supply of the structures of visual pathways even 
without causing damage to nerve tissue. If the vessels cannot be dissected free 
a part of the capsule with adhering vessels should be left intact.

CONCLUSIONS

Optimum treatment of craniopharyngiomas according to our experience is 
safe radical tumor removal whenever possible. Complex topographical 
 relationship of craniopharyngiomas with surrounding structures (sella and 
pituitary, optic chiasm, third ventricular fl oor) predominantly depends on 
primary site of the growth of the tumor. Preoperative neuroimaging enables 
to disclose these anatomical relationships and to choose an appropriate surgi-
cal approach allowing suffi cient exposure of the tumor while avoiding the 
hypothalamic structures. Reasonable extent of radicality of tumor removal 
however may be established only during the operation by assessing the de-
gree of intensity of tumor adherence to important surrounding structures. 
Radical removal of originally infradiaphragmatic craniopharyngiomas is pos-
sible in approximately 90% (including large and giant tumors) and around 
75% of primarily supradiaphragmatic tumors.
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 [4] Di Rocco C, Caldarelli M, Tamburrini G, Massini L (2006) Surgical management 
of craniopharyngiomas – experience with a pediatric series. J Pediatr Endocrinol 
Metab 19(Suppl 1): 355-366

 [5] Fahlbusch R, Honegger J, Paulus W, Buchfelder M (1999) Surgical treatment of 
craniopharyngiomas: experience with 168 patients. J Neurosurg 90: 237-250

 [6] Kalapurakal JA (2005) Radiation therapy in the management of pediatric cranio-
pharyngiomas – a review. Childs Nerv Syst 21: 808-816

 [7] Konovalov AN (1981) Operative management of craniopharyngiomas. Adv Tech 
Stand Neurosurg 8: 281-318

 [8] Lena G, Paz Paredes A, Scavarda D, Guisiano B (2005) Craniopharyngioma in 
children: marseille experience. Childs Nerv Syst 21: 778-784

 [9] Matson DD, Crigler JF Jr (1969) Management of craniopharyngioma in child-
hood. J Neurosurg 30: 377-390

[10] Minamida Y, Mikami T, Hashi K, Houkin K (2005) Surgical management of 
the recurrence and regrowth of craniocraniopharyngiomas. J Neurosurg 103:  
224-232

[11] Sainte-Rose C, Puget S, Wray A, Zerah M, Grill J, Brauner R, Boddaert N, Pierre-
Kahn A (2005) Craniophrayngioma: the pendulum of surgical management. 
Childs Nerv Syst 21: 691-695

[12] Samii M, Samii A (1995) Surgical management of craniopharyngiomas. 
In: Schmidek HH, Sweet WH (eds.) Operative neurosurgical techniques: in-
dications, methods, and results, Vol. 1, 3rd edn. W.B. Saunders Co., Philadelphia, 
pp 357-370

[13] Šteňo J (1985) Microsurgical topography of craniopharyngiomas. Acta Neurochir 
Suppl (Wien) 35: 94-100

[14] Šteňo J, Maláček M, Bízik I (2004) Tumor-third ventricular relationships in su-
pradiaphragmatic craniopharyngiomas: correlation of morphological, magnetic 
resonance imaging, and operative fi ndings. Neurosurgery 54: 1051-1060

[15] Tena-Suck ML, Salinas-Lara C, Arce-Arellano RI, Rembao-Bojourquez D, 
Morales-Espinosa D, Sotelo J, Arrieta O (2006) Clinico-pathological and im-
munohistological characteristics associated to recurrence/regrowth of cranio-
pharyngiomas. Clin Neurol Neurosurg 22: 661-669

[16] Yaşargil MG, Curcic M, Kis M, Siegenthaler G, Teddy PJ, Roth P (1990) Total 
removal of craniopharyngiomas. J Neurosurg 73: 3-11

[17] Zuccaro G (2005) Radical resection of craniopharyngioma. Child Nerv Syst 21: 
679-690



253

CRANIOPHARYNGIOMAS

Juraj Šteňo
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 MANAGEMENT OF TUMORS OF THE 
ANTERIOR THIRD AND LATERAL VENTRICLES

J. LOBO ANTUNES

INTRODUCTION

Although in most series, tumors of the anterior third and lateral ventricles 
represent less than 3% of all intracranial tumors, they pose formidable tech-

Fig. 1. An outline of the main surgical approaches to intraventricular tumors (adapted from 
Piepmeier et al. [10] and Rhoton [11])

Keywords: surgical approaches to third ventricle, surgical approaches to the 
lateral ventricle, tumors, microsurgery
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nical challenges, given its deep location and the need to go through normal 
brain, sometimes creating corridors close to important functional areas 
(Fig. 1). They are often histologically benign so if they are totally and safely 
removed, patients can be defi nitively cured. Like in several other areas, the 
principles of surgery for tumors of the third ventricle were established by 
Walter Dandy, who in 1936 published his monograph “Benign Tumors in 
the Third Ventricle of the Brain” [3].

Contemporary advances in the surgical treatment of these tumors were 
the result of better medical-endocrinological management, introduction of 
microsurgical techniques, improvement of image diagnostic techniques, par-
ticularly magnetic resonance, and, in recent years, neuro-navigation. Mini-
mally invasive techniques, which are the object of separate chapters in this 
handbook, may play a role in specifi c lesions such as colloid cysts, and have 
constituted a major advance in the management of hydrocephalus due to ob-
struction of the distal outlet of the third ventricle.

In this chapter, we will deal exclusively with lesions of the anterior third 
and lateral ventricles.

PART 1: TUMORS OF THE ANTERIOR THIRD 
VENTRICLES

RATIONALE

Tumors of the anterior third ventricle are certainly among the most diffi cult 
to treat, given their intimate relationships with the neural and vascular struc-
tures of the base of the brain, as well as with the  hypothalamo-pituitary axis. 
Together with the pineal region, this  region harbors the most wide variety of 
pathologies that can affect the neural axis [7].

Knowledge of the surgical anatomy of the third ventricle [11] is of utmost 
importance not only to decide the safest approach, but also to avoid compli-
cations that result from injury of functionally important structures like the 
hypothalamus or the fornices. The roof of the third ventricle which extends 
from the foramen of Monro to the suprapineal recess is a composite structure. 
Dorsally it is made up of the fornix, to which is attached the septum pelluci-
dum. Underneath and lateral to the fornices lies the tela choroidea, made of 
two membranous pial layers and, between them, a vascular network includ-
ing the internal cerebral veins, that often are not two single venous channels, 
and branches of the posterior and medial choroidal arteries. Below it, we fi nd 
the choroid plexus. The lateral walls are made of the thalamus and hypotha-
lamus. The anterior wall contains the optic chiasm and the lamina terminalis, 
which extends dorsally to the anterior commissure. The lamina terminalis is a 
neuroendocrine structure, and a safe door to enter the ventricle from one of 
the basal approaches. The fl oor of the third ventricle is made of the infundibu-
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lum, which extends caudally to the mammillary bodies, and has become the 
elected site to establish a communication with the basal cisterns in cases of 
obstructive hydrocephalus.

Topographically, tumors of the anterior third ventricle can be divided into 
two groups (Fig. 2). Primary lesions arise from the structures that make up 
the walls of the ventricle and therefore are attached to them by a pedicle of 
variable width, through which they receive their blood supply. The paradig-
matical entity is the colloid cyst, which together with craniopharyngiomas, 
are the most common lesions in this area. Others include gliomas, choroid 
plexus papillomas, meningiomas, germinomas, other glial tumors and non-
neoplastic lesions such as ependymal or parasitic cysts and cavernomas.

Secondary lesions arise outside the third ventricle in the sellar or parasellar 
areas, and impinge upon the ventricular wall or transgress it. The most com-
mon are pituitary adenomas, craniopharyngiomas, gliomas of the optic nerve 
or the hypothalamus, congenital tumors, me ningiomas and secondary depos-
its of pineal germinomas. Among the non neoplastic lesions, we should men-
tion arachnoid cysts, sarcoidosis and giant aneurysms.

DECISION-MAKING

1. INDICATIONS

Except for the few tumors (mostly gliomas) that cause specifi c diencephalic-
hypothalamic syndromes, which actually are not usually relieved by the  surgical 
excision, most tumors of the third ventricle manifest by signs and symptoms of 
increased intracranial pressure, mostly due to the associated hydrocephalus, 
and often visual defi cits. The indications for surgery are therefore mainly the 
relief of these symptoms, and the establishment of normal CSF fl ow.

Craniopharyngioma 38
Colloid cyst 37
Glioma 13
Ependymal cyst 4
Germinoma 2
Granuloma 1
Ependymoma 1
Inflammatory adhesions 1
Cavernoma 1
Giant aneurysm 1
Tuberous sclerosis 1

Colloid cysts

Craniopharyngiomas

Choroid Plexus Papillomas

Ependymomas

Gliomas

Congenital Tumors

Meningiomas

AVM

Ependymal Cysts

Granulomas

Craniopharyngiomas

Pituitary Adenomas

Gliomas

Congenital Tumors

Meningiomas

Metastases

Cysts

Sarcoidosis

Aneurysms

Fig. 2. Pathological diagnosis in a consecutive series of 100 lesions of the third ventricle. On 
the left side are represented the primary (left) and secondary (right) intraventricular lesions
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2. PREOPERATIVE EVALUATION

A careful preoperative evaluation is mandatory, and is crucial for the selection 
of the appropriate surgical route. A careful clinical and endocrine assessment is, 
of course, indispensable, and close cooperation with an experienced neuroen-
docrinologist is mostly recommended. In cases which require dissection from 
the lateral wall of the hypothalamus, the patient may have a rather stormy post-
operative course with severe hydroelectrolytic disturbances, agitation or sleep-
iness, and other manifestations of hypothalamic dysfunction.

The diagnosis depends, of course, on good imaging techniques. MRI is the 
method of choice, and in most cases the correct pathological diagnosis can be 
predicted. It is also relevant to determine accurately the site of origin of the tu-
mor and whether or not hydrocephalus is present. Image protocols to exclude 
the presence of a vascular lesion may be needed, and may also be helpful to 
outline the venous anatomy, particularly of the parasagittal veins draining to the 
superior sinus. Digital angiography is rarely needed in these circumstances.

3. SURGICAL PLANNING

In this section we will outline the relevant steps.

3.1 What to do with hydrocephalus if it is present?

If patients do not present an acute hydrocephalus requiring immediate ven-
tricular drainage – and this may occur in cases of colloid cysts – ventricular 
enlargement is advantageous for the surgical approach, particularly if one  favors 
(and we do not) a transcortical  approach. Intra-operatively, if the trans callosal 
route is chosen, one way is to implant a ventricular drain to avoid excessive 
retraction of the medial wall of the frontal lobe. Although this has occurred 
seldomly in our experience, we then tap the contralateral ventricle. We strongly 
believe that is safer, once the lesion is removed, to leave a ventricular drain for 
24 a 48 hours, because the intraventricular pressure may remain temporarily 
high, and CSF fl ow may remain disturbed by blood or tumor debris. In fact, we 
have treated cases of colloid cysts with secondary acqueductal stenosis.

3.2 Which route to choose: dorsal or basal?

For tumors that arise within the third ventricle wall extending to the foramen 
of Monro or arising from the roof of the ventricle, superior approaches are 
usually more adequate. For lesions that grow extrinsically from the base and 
extend quite far dorsally, as it occurs often with large craniopharingyomas, 
these are also excellent options, and the basal cisterns can be approached 
through the lamina terminalis or the fl oor of the ventricle.

Basal approaches are ideally suited for lesions that arise from the sella and 
parasellar region that do not extend dorsally enough to allow a superior route. 
The inside of the ventricle can be reached through the lamina terminalis.
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3.3 Open surgery vs. endoscopic approaches

In general endoscopic approaches with the goal of achieving a total removal are 
best suited for lesions not exceeding 2–3 cm in size and are not very vascular. 
Endoscopy is also useful for biopsy and opening of the fl oor of the ventricle. It 
is our belief that with good microsurgical techniques the morbidity/mortality 
of open surgery is not higher than the minimally invasive procedures.

3.4 Transcallosal vs. transcortical approaches

Both approaches are effective and usually safe, although neither is without 
complications. The initial steps of the transcallosal are perhaps a bit more 
 diffi cult and require meticulous microsurgical techniques. We do prefer it, 
however, and it is also the procedure of choice if ventricles are not enlarged. 
It allows a good visualization of both lateral ventricles and the infundibular 
recess of the third ventricle.

4. SURGERY

4.1 The transcallosal approach [7, 11, 12] (Fig. 3)

In this approach the third ventricle is entered through the lateral ventricle, in 
general the right, but in cases where the tumor presents through the left fo-
ramen of Monro, we go through the the ipsilateral side. Ideally no vein should 
be sacrifi ed, and meticulous dissection of the venous channels usually allows 
suffi cient room to expose the medial wall of the hemisphere. A correct posi-
tion of the patient is crucial. The head should be secured with a pin-holder 
and pointing in such a way that the sagittal and coronal sutures are horizon-

cc cc
cc

apc

apc apc

Fig. 3. Initial steps in the transcallosal approach (see text). cc corpus callosum apc perical-
losal artery
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tally aligned. A triangular small bone fl ap extending two-thirds anteriorly to 
the coronal suture and to the midline (most surgeons prefer to expose the si-
nus) is raised, and the dura refl ected medially. Dissection proceeds along the 
medial surface of the brain, with care not to injure the bridging veins or the 
pial surface. This is sometimes a rather tedious step, but avoiding a bloody 
fi eld is of utmost importance. There may be defects in the falx and adhesions 
between both hemispheres at the level of the cingulate gyri, which may be 
taken wrongly by the corpus callosum. In fact this structure is easily recog-
nizable by its smoother appearance and whithish color. The next step requires 
dissection of both pericallosal arteries and the opening of the corpus callosum 
should be made, whenever possible, between them. Once the corpus callo-
sum is identifi ed, a self retaining retractor is placed over the medial wall of the 
hemisphere. Retraction of the falx is usually not necessary. Two cotton pledg-
ets can be place anteriorly and posterioly, so a small rectangle is defi ned. This 
also helps to stop the annoying venous oozing which often occurs, usually 
anteriorly. Perfect hemostasis should be achieved before the corpus callosum 
is opened. The incision of the corpus callosum does not have to exceed more 
than 2–2.5 cm. Once the lateral ventricle is entered, the retractor may be low-
ered, but care should be taken to not injure the head of the caudate nucleus or 
the genu of the internal capsule which lays very close underneath. The next 
step is to fi nd the foramen of Monro and the safest way is to follow the 
choroid plexus anteriorly. The confl uence of the septal, the caudate and the 
thalamostriate veins is also a useful landmark.

There are two possible sources of confusion: one is to enter the contralat-
eral ventricle; the other is to fall within the two layers of a cavum septum pel-
lucidum. Occasionally the septum pellucidum is found to be fenestrated. If not, 
we like to open it at this stage, while the contralateral ventricle is still bulging.

In most cases, the foramen of Monro is enlarged enough to allow  removal 
of the various tumors. This is the case in most colloid cysts (Fig. 4) or cystic 
craniopharyngiomas. In the case of colloid cysts, the wall must be further 

A B

Fig. 4. A Colloid cyst (arrow), MRI sagittal cut. Note the heterogenous content and the dorsal 
extension. B Intraoperative view (left side approach). c colloid cyst. Note the  spontaneous 
fenestration of the septum pellucidum (arrows)
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separated of the adjacent choroid plexus, and rather than enter the roof of 
ventricle it may be preferable to leave a tiny portion of the capsule attached to 
the choroid plexus. We avoid coagulating the plexus. The degree of aggres-
siveness depends obviously on the relationship of the various tumors with the 
wall of the ventricle and this is principally a matter of judgement, taking in 
consideration that injury of the walls may cause severe hypothalamic dys-
function, particularly with craniopharyngiomas. In these situation we try to 
tease them very gently from the wall.

At times, one has to enlarge the surgical “door”. Several options have been 
proposed: section of the fornix, coagulation of the thalamostriate vein, and 
enlarging the opening between the thalamus laterally and the choroid plexus 
and the internal cerebral vein medially (Fig. 5A). We prefer to use a tran-
schoroidal route as outlined by Lobo-Antunes and others [7]. So once the 
choroid plexus is located, we can recognize two thin translucent membranes, 
the taenia fornicis, between the fornix and the plexus, and the taenia  choroidea, 
between the plexus and the thalamus. In order not to injure branches of the 
medial posterior choroidal arteries and superior thalamic veins, it is preferable 
to approach the choroid fi ssure through the taenia fornicis, so to gain access to 
the tela choroideia of the third ventricle (Fig. 6). We then expose the contents 
of the velum interpositum, and we can work between both internal cerebral 
veins, opening, in sequence, the inferior membrane of the tela choroidea, and 
the midline, between the choroid plexus.

We favor this approach rather than opening the choroidal fi ssure along the 
tenia choroidea and retracting the choroid plexus and the body of the fornix 

BA

Fig. 5. A Approaches to the inside of the III ventricle. A Section of the fornix. B Coagulation 
of the thalamostriate vein. C Transchoroidal D Interfornicial. B The interfornicial approach. 
Retractors separate fornix. f Exposing tela choroidea
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in a lateral to medial direction. Another route to approach the roof of the 
ventricle is the interfornicial (Fig. 5B) route, fi rst proposal by Busch and later 
advocated by Apuzzo and Giannotta [1]. In this approach the two leaves of the 
septum pellucidum are progressively and bluntly separated until the  raphe for-
nicum is reached. The fornices are separated, for a distance of approximately 
15 mm, and fi nally the velum interpositum is divided between the internal cer-
ebral veins.

A

B

Fig. 6. Intraventricular glioma (A) MRI Sagittal cut (asterisk). B Intra-operative picture. The 
tumor (t) is visualized at the level of the foramen of Monro, but the exposure is limited. A 
choroidal route was chosen
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The third ventricle may also be approached through the middle frontal 
gyrus of the non dominant hemisphere. With neuronavigation techniques it is 
rather easy to gain precise access to the lateral ventricle, but this approach is 
better suitable when the ventricles are enlarged. It requires retraction of the 
brain parenchyma and does not allow adequate visualization of the contralat-
eral foramen of Monro.

4.2 Basal approaches

These are ideally suitable for extrinsic lesions that arise from the sellar or 
parasellar area and displace or invade the wall of the third ventricle, and 
 occasionally for primary intraventricular tumors that do not expand dorsally 
enough to be approached through one of the superior routes. We have mostly 
used these for large craniopharyngiomas. It should be pointed out that these 
tumors can be completely extra-arachnoid, partially intra- and extra-
arachnoid, completely intra-arachnoid and intrapial, interdigitating with the 
hypothalamic wall, or they can be totally intraventricular. Once the neuro-
vascular structures of the base are exposed, dissection may take one of sev-
eral different routes (Fig. 7). (1)  Subchiasmatic, between the optic nerves and 
underneath the  chiasm. (2) Opticocarotid, between the optic nerve medially, 
the carotid artery laterally and the A1 segment of the anterior cerebral artery 
posteriorly. (3) Lateral to the carotid artery. (4) Transfrontal – transphenoidal, 
drilling the tuberculum sellae and entering the sphenoid sinus. Once the tu-
mor is exposed, the steps to be taken depend in the nature of the tumor, con-
sistency and relationship with the neurovascular structures. In most cases one 
begins by working in the space between both optic nerves and the carotid 
artery and progressively reach beyond the sellar region to the interpeduncu-
lar cisterns, sometimes visualizing both the III nerves and the basilar artery 
and its branches. Occasionally, the chiasm presents a prefi xed position, which 

E

A B

C

D

Fig. 7. Basal approaches. A prechiasmatic, B jugum splenoidale, C optico-carotid, D lateral 
carotid, E lamina terminalis
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Fig. 8. Craniopharyngioma approached through the lamina terminalis (lt). A Tumor is seen 
in front and lateral to the optic nerves (arrows). B Lamina terminalis is pushed. C After re-
moval of tumor. oc chiasm ca carotid artery

A

B

we believe is often due to the “pushing” effect of the tumor behind the chi-
asm, making it quite hard to reach underneath it. We have found that the best 
access is to work through the lamina terminalis [9] (Fig. 8), and as the tumor 
is removed this way, we gain increasing space in front of the chiasm. In most 
cases of intraventricular tumors, the lamina is often distended and bulging, so 
one has enough room to enter it without being encumbered by the anterior 
cerebral or anterior communicating arteries. It is crucial, however, to identify 
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the chiasm and the medial border of the optic tracts. Care has to be taken to 
preserve as much as possible the vascular supply to the chiasm, so bipolar 
coagulation should be used sparingly. Internal decompression is achieved fi rst 
by dissection, traction and piecemeal removal. One should remember that 
quite often craniopharyngiomas are attached to the dorsal and posterior part 
of the chiasm an area that cannot be visualized directly. An equally inacces-
sible (unless the endoscope or small mirrors are used) is the most dorsal part, 
underneath the anterior commissure, but quite often, with gentle traction, 
one may pull the remaining tumor through the initial opening.

4.3 Minimally invasive procedures

Under these techniques we consider the endoscopic and endoscope-assisted 
keyhole approaches. Cystic tumors within the third ventricle, particularly col-
loid cysts, were sometimes treated in the past with simple stereotactic aspira-
tion. It should be pointed out, however, that often the content is too thick and 
hard to aspirate [8] and,  furthermore, part of the capsule was left behind, caus-
ing recurrence of the lesion in an unacceptably high rate. Subsequently, fl exible 
endoscopes were used, introduced via a right frontal burr hole. Presently, rigid 
endoscopes with two working channels and different angles (0°, 30° or 70°), 
assisted with neuronavigation, are reasonable alternatives, although the tech-
nique requires a fair amount of experience. In any case, in most instances, por-
tions of the capsule are left behind so the risk of recurrence still remains. A 
dual-port endoscopic technique (through a frontopolar and precoronal holes) 

C

Fig. 8. (Continued)
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was also proposed. This appears to allow a more direct visualization of the at-
tachment of the capsule to the tela choroidea. It is questionable, however, 
whether or not this  represents an advantage over a single port. Endoscopic 
techniques have also been used also for biopsy or excision of solid tumors 
which are less than 2 cm in size and relatively avascular. In these circumstances 
a third ventriculostomy, septostomy or placing a stent in the aqueduct can be 
performed at the same time.

The question still remains regarding the advantages of open versus endo-
scopic resection of colloid cysts. Horn et al. [5] comparing a series of a 
single institution, have concluded that the length of stay was slightly short-
er in the endoscopic group, but the rate of residual or recurrent cysts was 
higher in the endoscopic group during the intermediate follow-up period (9 
out of 21 cysts). They also underline the fact that despite being minimally 
invasive, severe complications such as hemiparesis and memory defi cits can 
occur.

Another minimally invasive approach was proposed by Patrick Kelly, and 
consisted in placing stereotactically a tube retractor through a frontal burr 
hole. Synchronous endoscopy and microsurgical strategies have also been ad-
vocated recently by a very experienced group, but its advantages need to be 
established [2].

It is our opinion that endoscopic removal of colloid cysts is an acceptable 
alternative in experienced hands. It can also be used in patients without hydro-
cephalus but it is not without complications. It may also be diffi cult to accom-
plish when these lesions are attached more  posteriorly. One has to accept that, 
in many cases, small portions of the capsule will be left behind, so the risk of 
recurrence still remains.

PART 2: TUMORS OF THE LATERAL VENTRICLES

RATIONALE

Tumors of the lateral ventricle can also be divided into primary and second-
ary according to its origin. They are relatively rare, usually reach large sizes 
before becoming symptomatic, are quite often benign (choroid plexus papil-
lomas, meningiomas, epidermoid tumors, giant subependymal astrocytomas) 
and are more common in children.

Anatomically [7] the lateral ventricle is a C-shaped cavity with fi ve compo-
nents: the frontal horn, the body, the atrium, the occipital horn, and the tempo-
ral horn. The frontal horn is the part of the lateral ventricle anterior to the 
 foramen of Monro. The roof and anterior wall are formed by the genu of the 
corpus callosum, the medial wall by the septum pellucidum and the lateral wall 
by the head of the caudate and the narrow fl oor by the rostrum of the corpus 
callosum. The body is located behind the foramen of Monro and is limited me-
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dially by the septum pellucidum, laterally by the body of the caudate nucleus, 
superiorly by the corpus callosum, inferomedially by the body of the fornix 
and inferolaterally by the thalamus. The atrium and the occipital horn form a 
conic cavity with the apex at the occipital lobe and the base at the pulvinar. The 
temporal horn extends from the atrium into the medial part of the temporal 
lobe, ending just behind the amygdala. The fl oor is formed medially by the hip-
pocampus and laterally by the collateral eminence. The lateral part of the roof 
is formed by the tapetum of the corpus callosum, which also sweeps inferiorly 
to form the lateral wall, separating the temporal horn from the optic radiations. 
In the medial wall there is the choroidal fi ssure between the thalamus and the 
fi mbria of the fornix.

DECISION-MAKING

1. INDICATIONS

Tumors of the lateral ventricle become symptomatically usually when they 
reach a size enough to cause obstruction of the ventricles, sometimes dilating 
one or more of its chambers. As mentioned, most are histologically benign so 
the goal of treatment is total removal.

2. PREOPERATIVE EVALUATION

Image evaluation by CT and MRI is mandatory. If one suspects a very vascular  
tumor, digital subtraction angiography or MR angiography are most useful 
for adequate planning. They also supply relevant information concerning the 
histological type, size, site of attachment, pattern of growth, relationship with 
neural structures, presence of hydrocephalus, arterial supply and venous 
anatomy.

3. SURGICAL PLANNING

In rare instances ventricular drainage has to be placed prior to surgery. En-
larged ventricles are useful to approach the lesions.

The following general principles should be considered.

Bone fl aps should be designed to minimize brain retraction.1. 
The surgical approach should be the simplest and the safest, with 2. 
minimal retraction.
The blood supply should be interrupted as soon as possible. However, in 3. 
most cases, this can only be achieved after debulking of the tumor mass.
Interruption of venous channels should be kept at a minimum.4. 
In most cases piecemeal removal is advisable.5. 
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SURGERY [4, 6, 10–12] (Fig. 1)

1. FRONTAL HORN AND BODY OF THE VENTRICLE

Most lesions in this location can be approached through a transcallosal or trans-
frontal route (Fig. 9). Incision of the corpus callosum can be brought more 
posterioly, and this allows to get close to the atrium. Once the tumor is exposed 
we begin by internal debulking, which in certain lesions, such as neurocytomas, 
can cause considerable, mostly venous, oozing, which can be controlled with 
cottonoids. The next step is to try to identify the fl oor of the ventricle and gen-
tly lift the tumor, trying to preserve the thalamostriate vein. Tumors may origi-
nate in the septum and we often end up with a wide communication with the 
contralateral ventricle. Care has to be taken dorsally not to disrupt the fornices. 
There is a somewhat “blind spot” underneath the corpus callosum laterally, 
close to the head of the caudate nucleus. It is advisable to keep the foramen of 
Monro occluded, so blood does not enter the third ventricle. A transfrontal 
route through the middle frontal gyrus may be suitable for the larger lesions.

2. ATRIUM AND OCCIPITAL HORN

The paradigmatic lesions in this location are choroid plexus papillomas (Figs. 10 
and 11) and intraventricular meningiomas. Both neoplasms receive their supply 
from anterior and posterior choroidal arteries which are hidden from the sur-
geon and both may reach considerable size. There are two main choices:

Transcortical using the superior parietal gyrus or a slightly more pos-• 
terior occipital-parietal route. Neuronavigation is crucial in helping 

A B

Fig. 9. Neurocytoma (MRI) of the lateral ventricle extending to the III ventricle (arrow). 
A pre-operative. B post-operative
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to delineate the route. Position of the patient may be semi-sitting or a 
three-quarter prone with the patient facing the fl oor and the exposed 
area in a uppermost position. With neuronavigation one may select 
to go through a sulcus, which often does not allow a wide enough 
exposure, or through a gyrus. Coming from behind allows a better 
control of the medial part of the tumor, where the blood supply and 
venous drainage is mostly located. Near the midline the tumor may 
come close or even transgress the velum interpositum and reach the 
major venous channels. There are other possible variations but we 
have found this to be the safest approach, particularly concerning the 
visual pathways.

The atrium may also be reached through a posterior temporal or 
temporo-parietal approach, which often interrupts Meyer’s loop with 

A B

Fig. 10. Choroid plexus papilloma in 4 year old child. A Sagittal MRI. B Post-operative CT 
scan

A B

Fig. 11. Meningioma of the atrium. A MRI showing a large tumor (arrows). B Carotid angio-
gram demonstrating feeding from the posterior choroidal arteries (arrow)
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consequent quadrantanopsia. Further neurological defi cits may occur 
if the approach is carried in the dominant hemisphere.
Posterior transcallosal, which may be of use in lesions that originate • 
in the splenium or the roof. The semi-sitting, a three-quarter prone or 
even a lateral position, with the exposed hemisphere in an inferior po-
sition may be adopted. The route is posterior to the post-central vein 
and one may enter the splenium in the middle or direct the dissection 
more laterally. It should be reminded, however, that at this level, the 
lateral ventricle is already far from the midline. We have used this ap-
proach only for arteriovenous malformations in the splenial region.

3. TEMPORAL HORN

Tumors in this region are uncommon. They can be approached through an 
incision in the middle or inferior temporal gyrus. We found the approach 
through the collateral sulcus unnecessary (Fig. 12). Again, we use neuronavi-
gation in most cases and fashion the bone fl ap and the size of the cortical inci-
sion accordingly. One may use the supine position with the head turned or, 
for the more posterior lesions, a lateral position. It is crucial to remove the 
bone necessary to reach the fl oor of the middle fossa. Dissection through the 
sulcus may be too limited. The vein of Labbé is an useful landmark posteri-
orly. Care should be taken as one gets close to the tentorial notch, where we 
can visualize the choroidal vessels and the posterior communicating and pos-
terior cerebral arteries. These may send branches to the tumor, and one has to 
avoid to avulse them from the major trunks. For the more posteriorly located 

A B

Fig. 12. Epidermoid of the temporal horn (arrow) removed through the middle temporal 
gyrus
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tumors, which may reach the atrium, one can extend the incision posteriorly 
but the risk of causing a fi eld defect increases exponentially. On the dominant 
hemisphere this maneuver is particularly dangerous, so a combined approach 
with a posterior parietal route may be advisable.

PART 3: HOW TO AVOID COMPLICATIONS

COMPLICATIONS

1. COMPLICATIONS IN TUMORS OF ANTERIOR THIRD VENTRICLE

Complications of the superior approaches are related to the initial surgical 
steps, and to the entrance into the ventricular system and the maneuvers re-
quired by the removal of the lesion itself. The neuropsychological complica-
tions of a limited callosal section are probably minimal or even impossible to 
document, unless sophisticated testing is applied. Focal symptoms resulting 
from occlusion of a cortical vein may occur. One rather unusual complication 
is related to damage of the supplementary motor area, causing diminution of 
speech outfl ow and soft pronunciation (aphemia). The main concern about 
the transcortical approach is the possible occurrence of seizures (about 7% in 
our series). One feared complication in any of these approaches, as well as in 
the minimally invasive ones, is transient or permanent memory defi cits, which 
may be due to injury of the fornices or to the septal region.

Injury to the deep venous structures including the thalamostriate vein may 
cause an hemorrhagic infarction of the basal ganglia. Collapse of the ventricular 
system is a common occurrence and the subsequent hygroma may eventually 
require drainage. Preoperative hydrocephalus may not resolve with removal of 
the tumor by simply unblocking the foramen of Monro or the posterior third 
ventricle. Whenever feasible, the fl oor of the third ventricle should be opened 
as an alternative escape of the CSF. Finally, damage of the hypothalamus may 
have terrible consequences, but it can be avoided by a prudent assessment of the 
relationship between the tumor and the wall of the ventricle. It is important to 
emphasize that severe hypothalamic-pituitary dysfunction can manifest months 
after surgery and replacement therapy has to be carefully monitored.

Complications of the basal approaches are usually due to injury to the 
neurovascular structures of the base, and include transient or permanent vis-
ual defi cits, and to the hypothalamius-pituitary axis, with diabetes insipidus 
and pituitary insuffi ciency.

2. COMPLICATIONS IN TUMORS OF LATERAL VENTRICLES

Complications of surgery of tumors of the lateral ventricle are related to the 
surgical route and the need to transgress the parenchyma and its retraction. 
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They include focal symptoms such as visual fi eld defects, motor and cognitive 
defi cits and seizures. Collapse of the cerebral mantle once the CSF pathways 
are unblocked may result in subdural effusions not always easy to deal with.

3. COMPLICATION AVOIDANCE

We believe that the key to success in the treatment of supratentorial intraven-
tricular tumors depends on the careful delineation of the surgical strategy, 
versatility in choosing the safer route, minimal retraction of the parenchyma, 
experience in working through relatively narrow corridors, meticulous 
 technique, perfect hemostasis, patient step-by-step, piecemeal removal and, 
simply, experience. We believe that probably the biggest challenges are the 
neurocytomas, the large tumors of the atrium (meningiomas and papillomas), 
and the intraventricular craniopharyngiomas. In fact, each histological type 
(and they are most variable), has different topographical relationships, tex-
ture and vascularity, something akin we may say, to a specifi c personality. For 
instance, a colloid cyst may have a content of high consistency (may even be 
calcifi ed), be almost hidden or largely adherent to the choroid plexus, and its 
removal without injuring the fornices becomes a fastidious exercise.

4. RESULTS

In our experience results of surgery of tumors of the anterior third ventricle 
are, with good microsurgical technique, quite gratifying. We have had no 
 operative mortality in colloid cysts or intraventricular craniopharyngiomas 
and an overall morbidity of about 5%.

Results of surgery of tumors of the lateral ventricle depend on the histology 
of the lesion. In the frontal horn and the body, neurocytomas are the most chal-
lenging and we had one post-operative death due to hemorrhage, probably 
form residual tumor. Recently, radiosurgery has been advocated when only a 
subtotal removal has been achieved. In older series, removal of intraventricular 
meningiomas had an unacceptably high mortality, which can be prevented with 
meticulous microsurgical technique. Choroid plexus papillomas are sometimes 
malignant, in which case and the prognosis is rather poor.

CONCLUSIONS

As mentioned before, the goal of the surgical treatment of these tumors 
is, whenever possible, their total removal. In this chapter we addressed 
mainly the primary tumors, since the secondary lesions, such as hypotha-
lamic or thalamic gliomas with an intraventricular exophytic component, 
pose different surgical and oncological challenges. We have found that mod-
ern image techniques and particularly neuronavigation most useful tools for 
the planning of the surgical approach. It is our belief that minimally inva-
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sive techniques will play a major role in well selected cases, but should be 
performed only by experienced surgeons. There are certainly most chal-
lenging and demanding lesions which should not be dealt with by the nov-
ice neurosurgeon.
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ENDOSCOPIC MANAGEMENT 
OF COLLOID CYSTS

P. DECQ

INTRODUCTION

Colloid cysts are histologically benign tumors that represent between 0.5 and 
2% of all intracranial neoplasms. They are mostly located at the anterior part 
of the third ventricle and are able to produce occlusion of the foramina of 
Monro, resulting in biventricular hydrocephalus. Because of their obstructive 
nature, colloid cysts can cause rapid neurological deterioration and even sud-
den death. On the other hand, neurological and neuropsychological defi cits 
can be observed in patients without increased intracranial pressure [15]. The 
vast majority of colloid cysts reported in the literature are symptomatic and 
were therefore treated. The treatment of asymptomatic colloid cysts depends 
on individual characteristics and is debatable [17, 18].

Since Dandy’s fi rst surgical approach to a colloid cyst in 1921 [6], several 
treatment modalities have been developed. Generally they are divided into 
two categories: open surgical removal and percutaneous aspiration proce-
dures. Apart from these treatments, simple shunting of cerebrospinal fl uid 
(CSF) without removal of the cyst has been described.

The microsurgical transcortical-transventransventricular and transcallosal approach-
es have been developed for a long time and are considered as gold standard. 
However, for several decades the endoscopic approach has been advanced and 
has gained acceptance as a true alternative to microsurgical techniques. As mi-
crosurgical approaches of ventricular lesions are presented in another chapter of 
the present book, I focus on the endoscopic management which for more than 
10 years is our exclusive approach of colloid cysts. It still remains debatable if 
it can be considered as preferential and primary surgical modality. Nevertheless, 
in our hands, it is a real minimally invasive procedure which could be easily 
repeated if necessary and which has an acceptable success rate and a very low 
morbidity rate if several rules, outlined in this chapter, are strictly followed.

RATIONALE

Colloid cysts are usually found attached to the roof of the anterior part of the 
third ventricle. It can also be placed more posterior in the third ventricle, only 

Keywords: neuro-endoscopy, brain tumors, colloid cysts, intraventricular 
 tumors
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rarely other locations have been described: among others, the lateral ventricles, 
septum pellucidum, fourth ventricle, or prepontine region [3, 10]. Multiple-
location, paired, or even triple cysts have been described [24]. The size of the 
cyst is reported to range from only several millimeters up to 9 cm in diameter.

Symptoms are related to enlargement of the cysts. When they occlude the 
foramina of Monro, obstructive hydrocephalus may result. Also compression 
of nearby structures like the fornix may give symptoms. Due to its swinging 
attachment to the tela choroidea, intermittent symptomatology might occur 
fi rst postulated by Sjovall in 1910 [22]. The cyst may enlarge due to produc-
tion of colloid material, and often signs of infl ammation are found. Bleeding 
is another mechanism of cyst enlargement [2]. This sudden increase in size is 
related to serious neurological defi cit; it is not known which cysts are more 
prone to bleed. For patients with colloid cysts sudden deterioration is rare; it 
is often preluded by intermittent, vague, or misdiagnosed symptoms [5]. This 
period rarely lasts less than 24 hours. The exact mechanism of rapid deterio-
ration is not known. It can be related to the obstruction of CSF outfl ow 
mentioned above. It can also be the cause of venous infarction caused by 
(postural) kinking of the proximal internal cerebral veins. A third hypothesis 
suggests local compression of the wall of the third ventricle, thus compromis-
ing cardiovascular regulatory centers in the hypothalamus. As suggested by 
Hamlat et al. [10], the mechanism in such cases is a multifactorial and dy-
namic process in which increased sagittal sinus pressure might play a central 
role. Acute deterioration might be provoked by lumbar puncture [5].

Thus the rationale for surgery is to free the CSF pathway, to suppress any 
compression of the structures around the foramen of Monro, and to remove 
the entire cyst capsule to avoid any recurrence.

Endoscopic aspiration of a colloid cyst was fi rst reported by Powell 
et al. in 1983 [19]. Since then numerous reports on endoscopic treatment ap-
peared [1, 7, 11, 13, 14, 16, 20, 21, 23]. The advantages reported are shorter 
operating time, lower complication rate related to smaller cortical incision, 
and lower risk of a seizure disorder. However, several remarks have to be 
made. Endoscopic removal of colloid cysts requires a learning curve and 
should therefore be done by experienced neurendoscopists [20]. The recur-
rence rate has been a matter of concern because total removal seems diffi cult 
but has been reported [23, 9]. With respect to a good equilibrium between a 
removal of the cyst capsule as total as possible and a low morbidity rate, some 
authors question whether the capsule should be removed completely [7, 20].

DECISION-MAKING

The spectrum of symptomatology in patients with colloid cysts is large, and 
there are no pathognomic signs [24]. There are three categories of presentation: 
headache as the main problem in the fi rst group, a progressive or fl uctuating 
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dementia with or without symptoms of raised intracranial pressure only, and 
paroxysmal attacks with complete freedom from all symptoms in between. 
Probably the distinction between the groups is not so strict, and combinations 
are possible. The occurrence of “classical” postural headache is probably 
 overestimated. Other symptoms include nausea and vomiting, visual defi cit, 
gait disturbances, seizures, short-term memory defi cit, symptoms known as 
triad occurring in normal-pressure hydrocephalus, and psychiatric symptoms. 
 Sudden death is rare and lumbar puncture might be a precipitating factor.

There is a large consensus to treat all the colloid cysts which are symptom-
atic or which induce progressive enlargement of the lateral ventricles. Rapidly 
progressive or paroxysmal headaches should be considered as a real emergency.

Neuropsychological assessment could be useful before surgery but is not 
easily performed in emergency cases. Neuroradiological assessment should 
include computed tomography (CT) and magnetic resonance imaging (MRI) 
scans.

CT imaging of colloid cysts mostly reveals a homogeneous well-defi ned 
rounded mass at the foramina of Monro which often is (slightly) hyperdense 
with respect to the brain, but may occasionally be hypodense or isodense to 
it, associated with hydrocephalus, sometimes in combination with periven-
tricular hypodensities. A spontaneous hyperintensity may predict surgical 
diffi culties.

In MR imaging, colloid cysts (Fig. 1) have a varied appearance but are usu-
ally homogeneously hyperintense on T1-weighted images and hypointense 
on T2-weighted images. The T2 signal intensity of the central portion of a 
colloid cyst can be low, probably related to cholesterol esters. The hypoin-
tensity on T2-weighted images may predict diffi culty of aspiration during 
endoscopic procedures [8].

A B C

Fig. 1. A Noncontrast CT scan of hyperdense colloid cyst. B Sagittal MR T2 view of isoin-
tense colloid cyst. C Axial T2-weighted MRI of hypodense colloid cyst
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SURGERY

1. PREPARATION OF THE PATIENT

The procedure is performed under general anesthesia, the patient in decubitus 
with a slight head fl exion of 20–30°. It is recommended to use an endoscope 
holder to secure the movement of the sheath. For that purpose, the head 
should be fi xed in a Mayfi eld clamp to avoid any involuntary head movement 
(the alternative is to use curarization). Prophylactic antibiotics are recom-
mended because it is a more than one hour procedure with the opening of the 
ventricular cavities. There is no need for anticonvulsant therapy as it is a per-
cutaneous procedure.

2. EQUIPMENT

The endoscope should have the possibility to be fi xed in a holder arm and 
should have instrumental channels as large as possible (channels with a diame-
ter of 3 mm allow the use of quite large instruments, mainly cannulas to aspirate 
the viscous cyst content). Both the telescope and the light source cable have to 
be controlled to ensure the optimum quality of vision. This point is very im-
portant because the procedure will take more than one hour and some blood 
and cyst debris and content may progressively obscure the fi eld despite irriga-
tion. The use of a 3-CCD (charge-coupled device) or better a high-defi nition 
camera also has to be considered for that purpose. The endoscopic instrumen-
tation is not very developed. Nevertheless, for this indication, puncture needles 
are very useful with transparent aspiration cannula (inner diameter of more than 
2 mm) to control cyst evacuation. Microscissors with only one mobile branch 
are much easier to control than conventional microscissors with two mobile 
branches. Conventional grasping and biopsy forceps as well as mono- and bi-
polar tools are always very useful. Neuronavigation has to be considered.

3. OPERATIVE TECHNIQUE

A 4 cm linear skin incision is made parallel to the midline, 4 cm laterally and 
4 cm in front of the coronal suture. After a 1 cm diameter burr hole has been 
drilled, the dura is incised and the endoscope introduced. If the ventricles are 
not large enough to allow safe freehand guided introduction of the neuroen-
doscope, stereotactic guidance or neuronavigation is recommended. The en-
trance side is chosen taking into account ventricular size and extension of the 
cyst. A right-sided approach is chosen unless the cyst is far more prominent 
through the left foramen of Monro or the right ventricle is too small. The cyst 
is immediately visible through the foramen of Monro, which is fi lled with the 
cyst. It is sometimes covered by some choroid plexus. It is important to men-
tion that after identifi cation of the foramen, the endoscopic sheath will re-
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main in the lateral ventricle all along the surgery, with the surrounds of the 
foramen of Monro always visible, to avoid any damage on these structures. 
The entire visible cyst wall is coagulated with a bipolar probe and then punc-
tured and the cyst content is aspirated (Fig. 2). When the cyst content is too 
viscous, the opening of the capsule is enlarged with microscissors and aspi-
rated with large cannulas. Smallest aspiration cannulas could be useful at this 
stage to slightly dissect the stiffest part of the content from the capsule. When 
a large part of the cyst content is aspirated, the capsule is caught by a grasping 
forceps and slowly pulled towards the lumen of the lateral ventricle. Without 
any adhesions and venous bleeding, the entire cyst capsule could be removed 
that way and a total removal is achieved. When the cyst appears to be strong-
ly attached to the choroid plexus, it is recommended not to continue to pull, 
because bleeding may occur. The cyst capsule insertion is then coagulated and 
sectioned, with additional coagulation of its insertion site. This manoeuvre is 
not easy to perform, requiring bimanual instrumentation: one hand manipu-
lates a grasping forceps pulling the cyst wall, the other hand manipulates the 
above described microscissors to cut the cyst insertion. The best is to dispose 
one large channel allowing the introduction of both instruments which could 
move one from the other. The microscissors could turn around the forceps by 
acting on its mobile branch to be placed on the exact position for the required 

A B

D E

C

Fig. 2. A Third ventricular cyst obstructing the foramen of Monro. B Coagulation of the 
outer cyst wall. C Puncture of the cyst with subsequent aspiration of its contents. The trans-
parent cannula permits control of aspiration. D Opening of the cyst wall with microscissors. 
E Coagulation and removal of remnants
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purpose. Finally, in some cases, the adhesions are very stiff and the cyst cap-
sule is left in place. It is opened and coagulated as much as possible with an 
outside and inside coagulation.

In rare cases, the cyst develops posteriorly to the foramen, which appears 
to be closed without any visible cyst. In those cases, a posterior puncture 
could be done through the most prominent part of the deformation, as cra-
nial as possible to avoid the fornix.

Additional procedures could be done during the same surgery, mainly a 
pellucidostomia or an endoscopic third ventriculostomy if needed.

4. POSTOPERATIVE COMPLICATIONS

In a retrospective study of 90 patients who underwent an endoscopic resec-
tion of a colloid cyst from February 1994 to September 2007 at Radboud 
University Nijmegen, the Nederlands (41 cases) and Hôpital Henri Mondor, 
France (49 cases), the following complications have been observed [4].

Permanent morbidity occurred in 2 patients, 1 patient presented with 
memory defi cit preoperatively which persisted postoperatively, and 1 patient 
died from unknown cause during hospitalization one week postoperatively 
the night before planned discharge: emergency external drainage revealed no 
high pressure, cardiovascular resuscitation was unsuccessful, postmortem ex-
amination was not allowed.

Transient morbidity was septic meningits in 1 patient; aseptic meningitis 
in 10; transient memory defi cit in 9; transient organic psychosyndrome in 2; 
transient hemeparesis in 1; transient visual defi cit in 2, of whom 1 patient had 
a Terson syndrome; pulmonary embolism in 1; wound infection in 1; and 
CSF leak in 1. A single postoperative seizure occurred in 1 patient two weeks 
after surgery. No patient developed a persistent seizure disorder.

5. LONG-TERM RESULTS

The appearances in postoperative MR imaging were divided into 3 groups: 
group A, no cyst or membrane visible; group B, free fl oating membrane, with 

A B

Fig. 3. A Preoperative coronal T1-weighted MRI. B Postoperative MRI (after 1.5 years) shows 
no remnant or obstruction of the foramen of Monro
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content similar to CSF on MRI; group C, residual cyst with content different 
from CSF on MRI.

In the retrospective study mentioned above, MRI follow-up was available 
for 80 patients. Total cyst removal (group A) was possible in 41 patients 
(51.3%) (Fig. 3) and nearly total removal (group B) in 5 (6.3%). A residual 
cyst (group C) was present in 34 patients (42.5%). In group C, 6 patients re-
quired reoperation (7.5% of total and 17.6% of those in group C). Repeated 
endoscopy could be performed without diffi culties in all 6 patients, of whom 
1 required a third operation. For those 6 patients, postoperative MR imaging 
showed no residual cyst in 3 cases (group A), a membrane in 1 (group B) and 
a residual cyst in 1 (group C). A review of the literature regarding results and 
complications of endoscopic management of colloid cysts is summarized in 
Table 1.

HOW TO AVOID COMPLICATIONS

Endoscopic treatment of a colloid cyst is not an easy procedure and should be 
done by an experienced endoscopist. As conventional microsurgery, it should 
be performed step by step under a good visual control. The use of an arm 
holder helps for that purpose, avoiding additional and involuntary move-
ments of the endoscope and to perform safely all the steps. After frontal ven-
tricular puncture and identifi cation of the foramen, the endoscopic sheath has 
to remain in the lateral ventricle all along the surgery, with the surrounds of 
the foramen of Monro always visible, to avoid any damage on these struc-
tures. And as for all endoscopic procedures, the movements of the endoscope 
have to be as smooth as possible.

The main point is about the aim of the procedure: We have to keep in mind 
that a safe partial removal with coagulation of the remnant is mostly prefer-
able to a “blind” and uncontrolled pulling of the cyst in case of strong adhe-
sions, which could be followed by ventricular hemorrhage and damages of 
periventricular structures. A coagulated remnant does not lead to systematic 
recurrence. And an endoscopic procedure could be easily repeated, which is 
not the case with microsurgical approaches. Moreover, recurrences could al-
ways occur, even rarely after microsurgical removal.

CONCLUSIONS

There is a consensus to state that symptomatic colloid cysts of the third ven-
tricle should be treated. The immediate aim of surgery is to free the CSF path-
ways in order to prevent blockage of the ventricles which could lead to sudden 
death and to decompress the periventricular structures. Recurrences could ap-
pear after a long period of time and are ideally avoided by total removal of the 
colloid cyst capsule. Endoscopic treatment of colloid cysts offers a real mini-
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mally invasive possibility to treat hydrocephalus and to remove totally the cyst 
in around two-thirds of the cases (on MRI control) with a low morbidity rate. 
Total removal can best be accomplished with the microsurgical approach but 
the morbidity is not neglectable. Because both treatment modalities have pros 
and cons, the ultimate choice is defi nitely related to the experience of the neu-
rosurgeon. No doubt, with increased endoscopic experience over the world, 
more and more colloid cysts will be treated endoscopically.
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MANAGEMENT OF PINEAL REGION TUMORS
N. DE TRIBOLET

INTRODUCTION

Pineal region tumors include a variety of neoplasms of different histological 
origin growing from the pineal gland itself or from structures of the parapi-
neal space. These tumors are rare and account for 0.4 to 1.0% of intracranial 
tumors in adults and 3.0–8% in children. The most common types are germ 
cell tumors, pineal parenchymal cell tumors and glial cell tumor. Other pineal 
region tumors such as meningiomas, PNET, neurocytomas, hemangioblasto-
mas, cavernomas and metastasis are infrequent.

The treatment options for the different pineal region tumors vary accord-
ing to their histological nature. However, with the exception of germinomas 
which can be nowadays cured by low-dose radiotherapy and chemotherapy 
and only require a biopsy for diagnosis, surgery still plays a central role in the 
management of most of the other pineal region tumors followed or not by 
adjuvant radiotherapy, chemotherapy or a combination of both.

The fi rst successful removal of a pineal tumor was reported in 1913 by 
Oppenheim and Krause. In the following decades, several surgical approach-
es to the pineal gland have been described such as the parietal parasagittal 
transcallosal approach by Dandy in [2] or the transventricular approach by 
Van Wagenen in [12]. Krause was the fi rst to describe and successfully use the 
infratentorial supracerebellar approach in three cases [4]. In the microsurgical 
era, Stein further developed and popularized this approach during the 1970s 
[11]. Finally the right suboccipital approach was described by Poppen and 
further modifi ed by Jamieson in [3].

The infratentorial supracerebellar and the occipital transtentorial approaches 
are nowadays accepted as the main standard accesses to the pineal region.

RATIONALE

For benign pineal tumors (pineocytoma, meningioma, neurocytomas, mature 
teratomas, hemangioblastomas, cavernous hemangiomas, gangliogliomas, 
and symptomatic pineal cysts) total surgical resection is a primary goal as 
surgery alone can be curative [1, 9]. For malignant tumors surgery is only a 
part of the treatment which will consist of adjuvant therapies and therefore 
radical surgical resection is not an objective [9, 10]. In all cases focus should 

Keywords: neuro-oncology, pineal region, tumor, surgery, anatomy
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be given to reduce post treatment morbidity. Pineal region tumors lie deep in 
the center of the cranium and are surrounded by critical anatomical structures 
that have to be respected at all costs. Therefore, a precise knowledge of the 
complex anatomy of the pineal region and the structures encountered ap-
proaching the pineal gland is of paramount importance [6, 7, 9].

The pineal gland is located on the midline and forms an appendix of the 
caudal end of the diencephalons embracing the pineal recess of IIIrd ventricle. 
The pineal stem is continuous with the habenular commissure dorsally 
and the posterior commissure ventrally. The pineal body projects posteriorly 
in the quadrigeminal cistern where it is fl anked by the splenium of the corpus 
callosum superiorly and lies on the tectal quadrigeminal plate in-between the 
left and right superior colliculi. The velum interpositum covers the posterior 
aperture of the IIIrd ventricle over the habenular commissure and contains 
the internal cerebral veins as they exit the ventricle to join the Galenic venous 
system as well as the medial choroidal arteries. The pineal gland is mainly 
vascularized by the medial and lateral posterior choroidal arteries. The me-
dial posterior choroidal arteries are branches of the peduncular segment of 
the posterior cerebral artery and in addition to the pineal body they supply 
the superior and inferior colliculi, and the choroidal plexus of the third ven-
tricle. These arteries pass-by lateral to the pineal body and are displaced later-
ally by pineal tumors in the cistern and rostrally in the posterior part of the 
third ventricle together with the velum interpositum and internal cerebral 
veins. The posterior lateral choroidal artery supplies the pulvinar and is gen-
erally displaced laterally by pineal tumors. Other important arterial land-
marks are the superior cerebellar arteries that can be displaced inferiorly by 
pineal tumors and the medial occipital artery branching from the posterior 
cerebral artery and giving the calcarine artery.

During surgical approaches to the pineal gland, the major anatomical ob-
stacle is the venous system. The pineal region and the quadrigeminal cisterns are 
in close relation with the Galenic venous system. The vein of Galen has several 
tributaries: the superior vermian vein and the precentral cerebellar vein run in 
the midline and into the dorsocaudal part of the great vein. The internal cerebral 
veins and the pineal veins join ventrally. In pineal tumors, the posterior portion 
of the internal cerebral veins is always elevated rostrally, and the veins are oc-
casionally separated from each other. On the lateral aspect of the great vein, the 
medial occipital veins, the third segment of the basal veins of Rosenthal, and the 
posterior mesencephalic veins join. The pineal veins are the draining veins of 
pineal tumors and drain into either the posterior portion of the internal cerebral 
veins or the vein of Galen. At this point pineal tumors are thightly adherent to 
the internal cerebral vein and/or the vein of Galen. The superior vermian vein,  
the precentral cerebellar vein, and the pineal veins can be sacrifi ed, but all the 
other veins must be preserved. An injury to the basal veins or the internal cere-
bral veins will yield major complications. And a transection of a major medial 
occipital vein may cause homonymous hemianopsia or visual seizures.
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DECISION-MAKING

1. DIAGNOSIS

1.1 Clinical presentation

Symptomatic hydrocephalus or occulomotor signs are generally the fi rst clin-
ical manifestation of pineal region tumors. Hydrocephalus is triventricular 
by compression of the aqueduct of Sylvius and can be acute or chronic. 
Symptoms include headaches, gait problems and occulomotor signs such as 
Parinaud syndrome. In slow growing tumors, chronic hydrocephalus may 
develop and cause dementia. Occulomotor signs can also occur through di-
rect compression of the superior colliculi or the posterior commissure [9].

1.2 Radiology

The radiological exam of choice is MRI which will reveal the tumor and its 
relations to adjacent anatomical structures. Particular attention has to be giv-
en to T1+ gadolinium sequences, high resolution T2 squences for  surrounding 
vessels (fl ow void) and cranial nerves, phlebo-MRI sequences for assessing 
the 3D anatomy of the deep venous system and its relation with the tumor. A 
CT is also useful to detect intratumoral calcifi cations or hemorrhage. Even if 
the many different pineal tumor types may have a preferential appearance on 
cranial imaging, no such characteristics are specifi c for one or another tumor 
type and do not preclude obtaining tissue for histological examination. An 
exception are benign pineal cysts which have a homogenous cyst content with 
a thin enhancing rim and have no or only mild mass effect on surrounding 
structures.  Except for pineal region meningiomas or falcotentorial notch 
meningioma extending in the pineal region, angiography is usually not  nec-
essary [9].

1.3 Markers

Serum and CSF markers contribute to the diagnosis of pineal parenchymal 
tumors and assessment of their malignancy. BHCG and -foetoprotein are 
found in germ cell tumors. -HCG is mainly positive in choriocarcinomas, 
embryonal carcinomas and mixed germ cell tumors and AFP is expressed by 
yolk sac tumors (high levels), embryonic carcinomas, immature teratomas 
and mixed germ cell tumors. -HCG is usually low in germinomas which are 
often positive for PLAP on immunohistochemistry [8].

1.4 Biopsy

Histological diagnosis is obtained either by stereotactic or endoscopic trans-
ventricular biopsy or directly during open surgery. For large pineal tumors a 
stereotactic biopsy is a safe initial procedure to obtain diagnosis. For tumors 
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extending into the posterior part of the third ventricle, endoscopic transven-
tricular biopsy allows access to tumor tissue as well as third ventriculostomy 
to treat hydrocephalus [9].

2. INDICATIONS

If a newly diagnosed pineal mass is accessible by stereotactic or endoscopic 
biopsy and the cranial MRI is compatible with a germinoma, a biopsy 
should fi rst be done in order to avoid an unnecessary craniotomy in that 
case. If the radiological examination is compatible with an asymptomatic 
benign pineal cyst and the serum and CSF markers are negative, the patient 
can be followed up without treatment. The treatment of other pineal tu-
mors requires surgery but the choice of radical or conservative resection 
will depend on the diagnosis of the pre-surgical biopsy or the intraoperative 

A B

C D

Fig. 1. A Anatomical view of the neurovascular structures as seen during a right occipital 
transtentorial approach (the right occipital lobe was removed). B Anatomical view of neu-
rovascular structures as seen during the supracerebellar transtentorial approach. C and 
D Cast of the venous system showing the deep veins, the venous sinuses and the anasto-
motic collateral network as exposed during the occipital transtentorial (C) and infratento-
rial supracerebellar approach (D). BV Basal vein; ICV internal cerebral vein; P pineal body; 
PCV precentral cerebral vein; SSS superior sagital sinus; SS straight sinus; TS transverse 
sinus; VG vein of Galen
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frozen section. Benign  tumors such as mature teratomas, pineocytomas or 
meningiomas require radical surgical resection when feasible without com-
promising surrounding neurovascular structures. More aggressive tumors, 
such as malignant teratomas, pinealoblastomas, embryonal carcinomas, 
choroicarcinomas and yolk sac tumors require a combination of surgery, 
radiation therapy and chemotherapy. In any case the prime goal of surgery 
should be avoiding surgical morbidity even at the cost of a less radical surgi-
cal resection.

Fig. 2. Two examples pineal region tumors. A Sagittal MRI section (T1+ gadolinium) of 
a pineal lesion removed by the occipital transtentorial approach. Note the steep angle of 
the straight sinus and the position of the lesion anteriorly to the quadrigeminal plate mak-
ing a supracerebellar infratentorial approach diffi cult. B Postoperative MRI of the patient 
described in (A). C Sagittal MRI section (T1+ gadolinium) of a pineal region removed by the 
infratentorial supracerebellar approach. The lesion is above the quadrigeminal plate and al-
though the angle of the straight sinus is somewhat steep as well, the infratentorial approach 
offers a direct access to this lesion. D Postoperative MRI of the patient described in (C)
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The choice of approach is a matter of evaluating the anatomical relation of 
the tumor with the surrounding structures. A steep angle of the straight sinus 
makes the infratentorial supracerebellar approach diffi cult as an extensive re-
traction of the cerebellum is required to visualize and reach the pineal area. 
Moreover, in that case the lateral exposure of the surgical fi eld is restricted 
and renders the resection of larger tumors more complicated. Evaluating the 
relationship of the tumor with the quadrigeminal plate is also important. For 
smaller midline tumors located in the posterior part of the third ventricle and 
displacing the quadrigeminal plate and the tegmentum of the midbrain cau-
dally, the infratentorial supracerebellar approach is favored as it allows sim-
ple, direct and symmetrical exposure of the walls of the third ventricle and 
internal cerebral veins on both sides. In the case the tumor lies more caudally 
and extends in the upper portion of the aqueduct of sylvius, lying therefore 
cranially of the tectum, the infratentorial approach is inappropriate as the 
quadrigeminal palte obstructs the surgical exposure. Finally, the occipital 
trans tentorial approach is preferred as well in big tumors with lateral exten-
sion in the pulvinar thalami as it gives a better lateral exposure of the walls of 
the third ventricle [9].

3. CHECKLIST FOR PREOPERATIVE ASSESSMENT

Complete clinical and neurological examination• 
Neuroophtalmological assessment• 
MRI and CT scan, MRI of the brain and spinal cord• 
Serum and CSF markers: BHCG, AFP, PLAP• 
Angiography only in meningiomas• 

SURGERY

1. THE OCCIPITAL TRANSTENTORIAL APPROACH

The occipital transtentorial approach can be performed with the patient installed 
in a prone, park-bench (semi prone) or sitting position. In the park-bench posi-
tion, which we currently favour, the head is fl exed forwards with the nose point-
ed down allowing the occipital lobe to fall aside with the aid of gravity.

Fig. 3. Surgical steps of a right occipital transtentorial approach. A Initial view of the 
falco-tentorial rige and the straight sinus. B Cutting of the tent along the straight sinus 
allows visualization of the cerebellum and opens the way to the quadrigeminal cistern. 
C Opening of the thick arachnoid layers of the arachnoid cisterns. D After dissecting the 
arachnoid, the tumor comes into full view. E Resection of the tumor with dissection of the 
capsule from surrounding structures. F Final view of the operative fi eld after resection of 
the tumor, under the corpus callosum the posterior part of the third ventricle is visible. The 
great vein of Galen and the left basal vein are also visible. F Falx, T tent, SS straight sinus, 
C cerebellum, A arachnoid, T tumor, VG vein of Galen, BV Basal vein, ICV internal cerebral 
vein; IIIV third ventricle
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The side of the approach is chosen considering the direction of tumor ex-
tension, the shape of the torcular, and the location of major occipital bridging 
veins, although in general, large cortical bridging veins are rarely present in 
the occipital area. All this taken into consideration we usually prefer ap-
proaching from the right side whenever possible.

The skin incision is made in an inverted U-shape over the right occipital 
region starting 1.5 cm on the left of the occipital protuberance, extending up-
ward parallel to the midline, next turning right and fi nally downward to reach 
the right mastoid. Alternatively, a linear occipital paramedian incision can be 
used. This should allow exposing the sagittal suture superiorly and the oc-
cipital protuberance inferiorly. Two burr holes on the midline, one over the 
torcular and another 4 to 6 cm apart and upward, allow detaching the dura 
from the superior sagittal sinus and the torcular Herophili. An occipital bone 
fl ap exposing 2 cm of the transverse sinus, the torcular and 4–6 cm of the su-
perior sagittal sinus is elevated. The medial cut should extend 0.5 to 1 cm be-
yond the sagittal sinus to the left. The dura is opened in an inverted  C-shape 
and turned over the superior sagittal sinus exposing the occipital lobe. The 
incision extends obliquely down to the torcular, leaving a sleeve of dura that 
will prevent the occipital pole bulging backwards. The dural fl ap is suspended 
toward the controlateral side with some traction on the sagittal sinus. The 

Fig. 4. Surgical view of the infratentorial supracerebellar approach. A initial midline view 
of the pineal region before tumor resection. B Final view after tumor resection, the lateral 
walls of the third ventricle are visible. Note one bridging vein in the middle of the fi eld that 
was spared. Tu Tumor, IIIV third ventricle, T tent
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occipital horn of the ipsilateral ventricle is taped to release CSF. The falx and 
tentorium are exposed and the tumor is visualized. As mentioned above no 
large occipital bridging veins are usually present, however when such veins 
are encountered, they could limit signifi cantly the exposure. Nevertheless, 
they should be preserved as their sacrifi ce might cause a hemorrhagic infarc-
tion of the occipital lobe as we have encountered in one of our cases.

The surgeon then proceeds in the unilateral interhemispheric space be-
tween the falx and the medial side of the occipital lobe. When the patient is in 
the park-bench position, most of the time, the whole procedure can be done 
without placing any retractors on the occipital lobe which falls down with 
gravity and is defl ated by CSF drainage. The straight sinus is followed until 
the incisura of the tentorium is exposed. The tentorial incision is made poste-
ro-anteriorly and begins 2 cm anterior to the torcular and 0.5 cm lateral to the 
straight sinus and proceeds parallel to the sinus until the falco-tentorial junc-
tion is reached. Great care should be taken not to injure the vein of Galen, 
which is sometimes adherent to or covered by the falco-tentorial dura.

After the tentorium has been divided, the dura refl ected, one stay suture 
can be placed on the dura below the vein of Galen to increase the visibility 
superiorly and to the left. When the thick arachnoid covering the cistern of 
the great vein of Galen becomes visible, a retractor can be placed on the oc-
cipital lobe if necessary, avoiding an over-compression of the calcarine gyrus 
and an avulsion injury of the medial occipital veins. The dorsal aspect of the 
splenium comes then into sight. The arachnoid has to be cut fi rst laterally and 
inferiorly on both sides avoiding injury to the deep venous system. The me-
dial occipital vein is mobilized fi rst allowing further release of the occipital 
lobe. An extensive dissection of the arachnoid tissue helps to expose the ipsi-
lateral medial occipital vein, the pericallosal veins, the precentral cerebellar 
vein and the tributary veins.  The superior vermian vein and the precentral 
vein can be coagulated and sectioned but in small tumors they can be pre-
served, this allows further dissection upwards and the identifi cation of the 
great vein of Galen. If the tumor extends posteriorly, it will be apparent at 
this point. The dissection proceeds laterally towards the right ambient cistern 
to identify the P3 portion of posterior cerebral artery, the IVth cranial nerve 
emerging below the inferior colliculus, and the third segment of the basal 
vein. If the tumor is small, this can be done on both sides. If it is large, the 
controlateral side should be dissected after debulking of the tumor.

Inferiorly, the identifi cation of the quadrigeminal plate will also depend 
on the position of the tumor. If the tumor is posterior, the quadrigeminal 
plate will be covered by it, whereas if it is more anterior, the quadrigeminal 
plate will be pushed backwards and downwards by the tumor making it eas-
ily identifi able after opening of the cistern. A careful inspection of the sagittal 
sections of the MRI will allow predicting these fi ndings. The small arteries 
running in the arachnoid can be coagulated and divided; however, all the 
 arteries vascularizing the quadrigeminal plate should be carefully preserved. 
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The dissection can proceed on both sides to separate the lateral aspect of the 
tumor from the pulvinar. The vascularization of the tumor usually comes 
from branches of the postero-median and postero-lateral choroidal arteries. 
During the dissection of the lateral part of the tumor, great care should be 
taken not to injure the basilar veins of Rosenthal. These veins will form an 
arch delimitating the supero-lateral borders of the operative fi eld. In very 
large tumors, dissection can also proceed above these veins. The last part of 
the dissection enters the third ventricle and will handle the superior aspect 
of the tumor adherent to the velum interpositum, the internal cerebral veins, 
and the anterior aspect of the vein of Galen. One entry to the roof of the third 
ventricle is through the space between the vein of Galen and the splenium. It 
is usually not necessary to cut the splenium. Cutting the posterior pericall-
osal veins allows the splenium to be detached from the great vein. The bilat-
eral internal cerebral veins will appear in the velum interpositum cistern. A 
dissection of the cistern will expose the anterior choroïdal artery in the third 
ventricle as well as the ventral part of tumor. Another entry, which we 
actually favour, is below the vein of Galen and the internal cerebral veins. A 
subchoroidal trans-velum interpositum approach has also been described 
previously [5]. Very tough adherences may be encountered and it is wiser to 
leave some tumor behind rather than to damage the internal cerebral veins. If 
bleeding occurs, coagulation should be avoided and hemostasis achieved by 
packing surgicel. After complete removal of the tumor, the surgeon will have 
a good view into the IIIrd ventricle and its left lateral wall. The right lateral 
wall however might be diffi cult to visualize. The view into the IIIrd ventricle 
can extend all the way to the foramina of Monroe and the lamina terminalis. 
Since an en-bloc removal of the tumor is rarely possible, all the different steps 
of this dissection should be preceded by a gentle and piece-meal intracapsular 
decompression of the tumor which will allow preparing excellent cleavage 
planes. This is particularly true for the separation of the tumor from the quad-
rigeminal plate and the periaqueductal tissue.

Care should be taken to “unplug” the aqueduct of Sylvius. When this is 
properly achieved, no postoperative drainage of CSF will be necessary.

Closure is done in the usual way with a running suture on the dura and the 
bone fl ap is fi xed with titanium miniplates.

2. THE INFRATENTORIAL SUPRACEREBELLAR APPROACH

After an endotracheal tube is placed under general anesthesia, the patient is 
installed in the sitting position. The standard preventive measures against air 
embolism including a central venous line, oesophageal Doppler and end-tidal 
CO2 monitoring are mandatory and should be installed by an experienced 
neuro-anesthesiologist. The patient legs should be placed at the level of the 
heart to avoid excessive negative venous pressure in the operative fi eld. 
 Regularly, after each step of the procedure the surgeon has to remember 
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 identifying and sealing any venous leak to avoid air embolism. A strait mid-
line incision is made from 2 cm above the inion to the level of C2 or a couple of 
centimeters further down if the patient’s neck is thick. Two paramedian burr 
holes are placed just below the torcular and the transverse sinus to  facilitate 
cross cutting the midline crest of the suboccipital bone and sinus injury. A 
suboccipital craniotomy centered on the midline is made and the inferior edge 
of the transverse sinus and torcular are exposed by drilling. The foramen 
magnum does not need to be opened. The dura is incised in a dull U shape 
pediculated over the transverse sinus. If the patient does not have a ventricu-
lar drain, opening of the cisterna magna allows draining the CSF and relaxing 
the cerebellum which then shifts down with gravity and opens the supra-
cerebellar access without considerable retraction. Under microscope mag-
nifi cation the superior surface of the cerebellum is carefully inspected and 
posterior bridging veins are cauterized and divided to access the thick arach-
noid membranes covering the quadrigeminal cisterns. The superior verminan 
vein and the precentral vein need to be divided to open the fi eld further to the 
quadrigeminal cistern. The arachnoid is sharply cut with microscissors taking 
great care not to injure the vein of Galen and the internal cerebral veins which 
lie posteriorly in the cistern. One good landmark is the straight sinus which 
can be followed on the midline of the tent to the vein of Galen. Once the 
several arachnoid layers are dissected and the vein of Galen and the internal 
cerebral veins are identifi ed it is usually possible to visualize the basal veins 
joining the vein of Galen more laterally on each side. At this stage the Pineal 
tumor which usually lies in front of the veins and displace them laterally and 
posteriorly can be seen. A careful inspection of the tumor relations with sur-
rounding structure should allow determining the plane of the tumor capsule. 
However, since the tumor might invade neural structures such as the thala-
mus, the midbrain or the anterior aspect of the tectal plate and adhere to 
vascular structures no attempt should be made to extirpate the tumor “en 
bloc”. The tumor should be carefully resected intracapsularly in a piece-meal 
fashion or with ultrasonic aspiration always keeping in mind the tumor rela-
tions with surrounding structures in order to avoid breaking open the tumor 
limits. Once the tumor is debulked, the capsule, if there is one, could be mo-
bilized and sharply dissected from the surrounding structures. After precise 
hemostasis, the jugular veins are compressed by the anaesthesiologist or the 
assistant to identify and seal any venous leak. The dura is then closed in a 
watertight fashion with a running suture and with the aid of fi brin glue, mus-
cular patches or Tachosil. The bone fl ap is fi xed with titanium miniplates and 
the muscules are closed tightly in several layers along the median raphe.

HOW TO AVOID COMPLICATIONS

The fi rst measure that has to be taken in order to avoid complications is a 
careful evaluation of the patient’s anatomy and the location of the tumor in 
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order to choose the right approach as explained before. This will avoid  
 confronting an unfavourable intraoperative situation due to poor visualiza-
tion of the tumor limits and enhanced dead angles.

During the occipital transtentorial approach, hemianopsia and visual sei-
zures are complications due to transient or permanent damage of the occipital 
lobe or more specifi cally the calcarine gyrus. Most often they are due to 
 retration of the occipital lobe and therefore care should be taken to minimize 
retraction by draining CSF through a ventricular tap. Also, the occipital cran-
iotomy could be placed 2–3 cm higher than the transverse sinus allowing a 
more superior and oblique approach along the medial occipital cortex avoid-
ing the exposure of the calcarine gyrus. We have not used this strategy in our 
series but it can theoretically represent a way to decrease the risk of visual 
complications. Usually no bridging veins are present in the occipital area 
however if such veins are present their sacrifi ce might lead to hemorrhagic 
infarction of the occipital lobe. One should therefore carefully check the an-
giographic sequences on the preoperative MRI and consider an alternative 
approach if this is the case.

In the infratentorial supracerebellar approach, air embolism should be 
avoided by proper positioning of the patient, employing meticulous surgical 
technique and continuous and vigilant monitoring as discussed above. Cere-
bellar vermian infarction could occur, leading to transient or permanent gait 
problems due to excessive down retraction of the cerebellum and sacrifi ce of 
bridging veins over the superior surface of the cerebellum. Even if the sacri-
fi ce of bridging veins is needed to approach the pineal area we try to spare 
lateral veins that do not signifi cantly interfere with the approach.

In both approaches, compromise of the deep venous return by injuring 
the internal cerebral veins, the vein of Galen or the basal veins can lead to 
permanent neurological defi cit or death by massive venous infarction of the 
diencephalons, internal capsule and/or corticospinal tract. Direct neurologi-
cal injury during tumor resection can lead to occulomotor signs such as skew 
deviation or Parinaud sign. Therefore, meticulous and patient microsurgical 
technique should be employed in order to avoid trauma to the deep veins, the 
thalamus, midbrain and tectal plate. If the surgeon feels the tumor is adherent 
to neuro-vascular structures and even with his or her best efforts, the patient 
is at risk of neurological damage; we cannot insist more that it is far more ac-
ceptable to leave a tumor residue than disabling the patient.

Finally, in patients with massively dilated ventricles tension pneumoceph-
alus can occur and should be avoid by abundant irrigation with saline solu-
tion before closing the dura.

CONCLUSIONS

Contemporary management of pineal tumors requires a multidisciplinary coop-
eration where surgery represents only one aspect of the treatment plan. How-
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ever, with the exception of germinoma where only a biopsy is needed, the role 
of the surgeons still remains prominent as resection of pineal tumors requires 
high technical skill and experience as well as precise clinical judgment. The in-
fratentorial supracerebellar approach and the occipital transtentorial approach 
when used appropriately allow access to nearly every type of pineal neoplasms.
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EPIDERMOID/DERMOID CYSTS
T. P. DÓCZI

INTRODUCTION

Intraspinal epidermoids were reported fi rst in 1829. Epidermoids are rare tu-
mors, amounting to 0.6% in the material of Cushing (1935), 0.66% in that of 
Foerster (1937), 1.8% in that of Tönnis’ (1937) and 1.5% in that of Zülch 
(1939). The dermoids are even rarer, accounting for only 0.15% in the mate-
rial of Cushing, and in that of Zülch [4]. Percival Baily was probably the fi rst 
to publish an account of a successful operation for epidermoid (cholesteato-
ma, inclusion cyst, or pearly tumor) of the brain. Numerous reports on op-
erations for epidermoid are to be found in the pre-CT/MR era, when it was 
generally agreed that, although complete extirpation of the tumor including 
the capsule was the ideal treatment, this was not often feasible, except in 
cholesteatomas of the calvarium. In intradural tumors it was rarely possible 
to remove the capsule completely because of its adherence to the blood ves-
sels and sensitive nervous tissue [4]. With the advent of modern imaging and 
micro-neurosurgery, the proportions of epidermoids and dermoids identifi ed 
within intracranial tumors have increased. However, they still account for 
fewer than 2% of intracranial tumors. The ratio of intracranial epidermoids 
to dermoids is 4:1, with epidermoid tumors typically becoming symptomatic 
during the third and fi fth decades, whereas dermoids tend to occur in the 
paediatric age group. While the pioneers of macro-neurosurgery warned that 
complete extirpation of the capsule is practically never advisable or possible 
when the tumor was situated in brain areas adjacent to important blood ves-
sels or cranial nerves, the goal of micro-neurosurgeons has been complete 
resection with as little morbidity as possible [10]. For Yaşargil, radical re-
moval was possible in 47 patients with intracranial epidermoids, and 9 with 
dermoids, and the resection was subtotal due to involvement of the eloquent 
structures in only 1 infratentorial epidermoid and 1 dermoid tumor [10]. 
Samii achieved total resection in 30 (75%) of 40 patients with epidermoid 
cysts of the cerebellopontine angle (CPA); in 10 cases (25%), parts of the cyst 
capsule were left because they adhered to the brainstem and vascular structu-
res of the CPA. One patient died of pulmonary aspiration and infection. At 
the follow-up examinations after a mean of 5.7 years, 93% of the patients 
were able to lead useful lives. Three cases of cyst regrowth were noted [6]. 
Yamakawa attained total resection in 47% of his patients with CPA masses, 
and subtotal resection in another 40% [5]. If the capsule is not removed, 

Keywords: intracranial tumors, epidermoid cyst, dermoid cyst, tumor
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 recurrence is relatively frequent, but it is usually many years before a second 
operation is necessary. Modern imaging tools and microsurgery techniques 
have improved the completeness of cyst resection considerably and reduced 
the postoperative mortality and morbidity rates; however, there are still many 
cases in which complete resection is impossible without producing severe 
neu rological defi cits. In this chapter I attempt to answer the question of 
whether the management of epidermoid tumors has improved.

RATIONALE

Epidermoids and dermoids are benign, congenital, true ectodermal inclusion 
cysts, lined by an epithelium, unlike teratomas, they are not true neoplasms. 
CPA epidermoids are often called congenital cholesteatomas because of their 
cholesterol content. However, they are quite distinct from the “acquired chole-
steatomas”, which result from chronic middle ear infection that give rise to re-
traction pockets from the pars fl accida of the tympanic membrane.  Epidermoids 
stem from ectopic multipotential ectodermal cells that are carried along with the 
internal migration of the otic capsule and retained within the neural groove at 
the time of closure at a gestational age of 3–5 week. They are well-demarcated, 
encapsulated lesions of varying size, often with a striking white capsule having 
a mother-of-pearl sheen (hence the synonym pearly tumor). The outer surface 
may be smooth, nodular or lobulated. The cut surface reveals an interior fi lled 
with soft, pasty to dry, fl aky material. The contents may occasionally be brown-
ish-grey and viscous. Calcifi cation is rare. Histologically, similarly to “acquired 
cholesteatomas”, they appear as an internal layer of stratifi ed squamous 
 epithelium mounted on collagenous connective tissue forming a white fi brous 
capsule. This epithelial lining reproduces the normal layers of the epidermis, 
complete with keratohyalin granules. The progressive production and subse-
quent desquamation of keratin result in the formation of concentric lamellae that 
fi ll the interior of the cyst and cause a constant gradual expansion. Cholesterol 
crystals are usually present. Epidermoid tumors are soft and pliable, and tend to 
extend into adjacent spaces as they enlarge and fi ll the subarachnoid space of 
their original intracranial compartment. They also engulf cranial nerves and ves-
sels, causing ischaemic injury and paresis. They practically “fl ow” into any 
 available subarachnoid space, crossing cisternal and compartmental bound aries. 
They can insinuate themselves between cranial nerves and vascular  structures.

They are extraaxial lesions, typically lateral in location, and most common-
ly found in the CPA (approximately 60% of all intracranial epidermoids). 
However, they may occur in a median position along the dorsal midline: in the 
suprasellar region, the fl oor of the 4th ventricle (5–18% of all intracranial epi-
dermoids) and spinal cord, rarely in the brain stem, the corpus callosum and the 
pineal gland or quadrigeminal cisterns. Rare examples may be encountered 
within the cerebral parenchyma. Although the vast majority of epidermoids are 
intradural, they can be extradural. The diploic skull is also a common location. 
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In the cranial vault, the frontal and parietal bones are most often involved. Large 
intradiploic variants usually break through the inner table and may destroy the 
outer table to cause soft-tissue swelling under the scalp.

Their clinical features are extremely variable and depend on the localization 
of the tumor. As the growth is slow and the included elements are soft and pli-
able, they tend to conform to the shape of the cavities they enter, with symp-
toms resulting from compression, distortion, and/or obstruction occurring 
long after the mass has attained a very large size. Furthermore, the neurological 
symptoms may initially be vague and non-specifi c, with periods of waxing and 
waning similar to those described for demyelinating diseases. They generally 
cause focal and generalized symptoms and signs, the latter being those of an 
elevated intracranial pressure. The common CPA variety of epidermoids most 
often presents with involvement of the facial nerve, followed in frequency by a 
unilateral hearing loss, trigeminal neuralgia and other cranial nerve palsies. 
Headaches are commonly reported in many series. Some patients present with 
a history of recurrent aseptic meningitis, which can be severe and prolonged.

Spinal epidermoid cysts may be congenital or acquired. Acquired spinal 
epidermoid tumors are probably caused by skin fragments that have been 
transplanted by trauma or lumbar puncture. Spinal subdural epidermoid cysts 
should be distinguished from intramedullary cysts, as the total excision of 
subdural cysts is possible and the prognosis is better than for intramedullary 
cysts. They almost always occur in the region of the cauda equina.

The goal of treatment is complete resection. When incompletely re-
moved, they tend to recur. It is usually many years before a second opera-
tion is necessary.

Dermoid cysts should be distinguished from epidermoids; they also result 
from ectodermal inclusions, but they have a lining that is further differenti-
ated to include dermal appendage structures such as hair follicles, sebaceous 
glands and sweat glands. Central nervous system (CNS) dermoids are differ-
ent from abdominal (ovarian) dermoids, which are well-differentiated terato-
mas. CNS dermoids almost always occur in a midline location, mostly in the 
posterior fossa attached to the dura or embedded in the vermis. They may 
also develop in 4th ventricle, the brain stem or at the base of the skull includ-
ing the cavernous sinus. Supratentorial dermoids are uncommon and are fre-
quently associated with an extracranial component or dermal sinus tract. In 
the spinal canal, they most often develop in the lumbosacral regions, they 
may be extramedullary or intramedullary.

DECISION-MAKING

1. DIAGNOSIS

Imaging studies are the key component in the diagnosis of epidermoid and der-
moid tumors. Computed tomography (CT) and magnetic resonance  imaging 
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(MRI) scans are used [8]. However, the agents usually applied to distinguish 
tumors from normal tissue in the background do not provide contrast in ecto-
dermal inclusion cysts, and the tumors may therefore be indistinct.

Epidermoids have specifi c imaging characteristics. On CT, they present as 
low-density masses that do not enhance because of their low vascularity. 
These lesions with decreased attenuation are most often extradural, and usu-
ally have the same attenuation as that of the cerebrospinal fl uid (CSF); this 
characteristic makes their differentiation from arachnoid cysts diffi cult. En-
hancement is rare, but can sometimes be observed around the margin of the 
tumor. Calcifi cation occurs in only 15–20% of the cases. CT is valuable in 
delineating the bone anatomy. MRI is the method of choice for establishment 
of the diagnosis. Their appearance on T1-weighted MR images is isointense 
relative to the grey matter or hypointense (Fig. 1A). More specifi cally, the 
T1-weighted signal intensity tends to vary with the lipid content, the signal 
intensity being increased in lesions with a high lipid content and decreased in 
those with a low lipid content. On T2-weighted images, they are slightly hy-
perintense or isointense relative to the CSF (Fig. 1B). This is similar to the 
MR appearance of arachnoid cysts. The centre of these lesions usually exhib-
its an internal architecture with areas of heterogeneity. Enhancement of por-
tions of the rim may be seen after the administration of contrast material. The 
remainder of the lesion is not enhanced. On fl uid-attenuated inversion recov-
ery (FLAIR) images or on proton density-weighted images, arachnoid cysts 
tend to follow the CSF intensity, whereas epidermoids become hyperintense 
(Fig. 1C). Rarely, epidermoids may appear as low-intensity lesions on FLAIR 
sequences, in a manner resembling arachnoid cysts. This dilemma can be re-
solved by the bright appearance of epidermoid tumors on diffusion-weighted 
images, because epidermoids display markedly restricted diffusion 
and therefore high signal intensity on the diffusion-weighted trace images 
(Fig. 1D, E). Diffusion-weighted images are helpful in assessing residual epi-
dermoid tumors after surgical resection.

Patients with asymptomatic recurrences may be followed up by compar-
ing serial neuroimaging studies for a differential diagnosis between CSF cyst 
and tumor regrowth. However, both CT and MRI may be associated with 
doubts because the brain reexpansion is extremely slow and incomplete.

CT scan and MR images of dermoids reveal both the route of the dermal 
sinus and intradural lesions.

2. INDICATIONS

Ideal treatment of symptomatic ectodermal inclusion cysts is radical, single-
staged microsurgical removal. It has been hypothetized that the rate of growth 

Fig. 1. MRI scans of a patient suffering from a left medio-temporo-basal epidermoid 
tumor. A T1-weighted axial image, B T2-weighted axial image, C FLAIR coronal image, 
D Diffusion-weighted axial image, E ADC (apparent diffusion coeffecient) map
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of a congenital epidermoid tumor is one generation per month, which is 
equivalent to the turnover regeneration of skin. In primary cases with focal or 
generalized symptoms and signs, operation is indicated. If the tumor capsule 
is not removed completely, recurrence is comparatively frequent, but it is 
usually many years before symptoms and signs redevelop.

Accidentally discovered cases without symptomatology should be judged 
individually. It is generally agreed that the chances of radical removal are bet-
ter at an early stage. However, the pros and cons of an early operation should 
be carefully considered in high-risk cardiac or other patients.

Late recurrence is quite common. It may be an asymptomatic re-growth dis-
covered by follow-up imaging, or a symptomatic “clinical” recurrence. The tim-
ing of subsequent surgery is rather controversial. Because of the very low growth 
rate of some tumor recurrences, a wait-and-see attitude may be regarded as a 
reasonable option in asymptomatic cases. Progressive neurological defi cits or 
progressive radiographic changes suggest a need for additional surgery.

I would probably not be inclined to perform subsequent surgery on a known 
residual or persistent tumor unless it was producing new symptoms and signs or 
was demonstrated by imaging studies to be undergoing enlargement.

It is often impossible to follow a schematic algorithm in order to establish 
the indication for surgery. It should be emphasized that, despite the giant size 
of the lesions, some patients can be followed up without a need for surgery if 
they are asymptomatic or if the symptoms are minimal.

In the event of lesions that are extensive, and that extend into adjacent multi-
ple areas, we have used staged operations in an effort to remove the entire lesion. 
It is not unreasonable to leave fragments of tumors attached to vital neural and 
vascular structures if the risk involved in removing them completely is too high.

PREOPERATIVE ASSESSMENT

A resection requires careful preoperative planning with the aid of modern 
imaging modalities. MRI fi ndings allow a diagnosis with a high degree of 
confi dence, and the performance of MRI is therefore mandatory. The extent 
of the disease is well depicted, which facilitates surgical planning.

The exact location of epidermoid tumors should be specifi ed. Several clas-
sifi cations of epidermoids have been elaborated to assist the surgeon in the 
assessment, choice of treatment, and prognosis, but none of them have won 
general acceptance [9]. The following sites of occurrence are most typical.

Intracranial locations:
  Intradural:  Posterior fossa: CPA, petrous apex, 4th ventricle, 

cerebellum, brain stem.
    Supratentorial: suprasellar region, corpus callosum, pin-

eal gland (quadrigeminal cistern), cerebral parenchyma.
  Extradural:  Cranial vault: frontal and parietal bones, petrous region.
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Extracranial locations:
  Lumbosacral area: within spinal cord, extramedullary location.
Typical locations of dermoid tumors (often associated with an  extracranial 
component or dermal sinus tract):
  Posterior fossa: in the midline attached to the dura or embedded 
  in the vermis cerebelli, 4th ventricle, brain stem.
  Supratentorial: uncommon: skull base, including the cavernous  sinus.

Defi nition of approach, patient positioning, and the need for 
image-guidance.

SURGERY

1. PREPARATION OF THE PATIENT AND LIST OF NECESSARY EQUIPMENT

After a thorough clinical assessment, stabilization is performed, if required. 
The reduction of parenchymal oedema is rarely needed. The preoperative use 
of steroids for resection of these lesions is reasonable as the occurrence of 
postoperative aseptic meningitis is well known. The necessity of the adminis-
tration of perioperative antibiotics continues to be controversial in clean neu-
rosurgical procedures. Antibiotics are probably justifi ed in cases involving 
reoperation, when there has been a history of mastoid disease, or following 
radiation therapy. Anticonvulsant therapy may be required.

Meticulous preoperative planning of the surgical approach is mandatory. 
Involvement of vital structures by the epidermoid tumor is the norm and 
not the exception. The surgical approach should afford adequate exposure 
to allow aggressive dissection of the tumor mass from major vessels and 
nervous structures. The goal of the surgical approach is to provide maxi-
mum access to the tumor with as little destruction of the normal anatomy as 
possible. The surgical approach should be chosen on the basis of the  location 
and extent of the tumor. The balance between total resection and safety can 
be achieved when the exposure is wide. Because of the growth characteris-
tics and the consistency of these lesions, a single-staged operation is all that 
is required for resection. As the tumor forces the subarachnoid space to ex-
pand, a “channel” is created and, since the centre of the tumor has been re-
moved, further exposure is allowed for additional resection in regions not 
routinely available via the selected approach. Accordingly, extensive skull 
base approaches, such as drilling of the petrous bone, can mostly be 
 avoided.

These frequently large lesions should be approached via a number of 
single and seldom combined routes. For lesions in the CPA cisterns, the 
retromastoid lateral suboccipital approach is employed, whereas for 4th ven-
tricular tumors the median suboccipital approach is preferred. A pterional 
transsylvian route is appropriate for tumors in the parachiasmatic cisterns, in 
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the Sylvian fi ssure or in the mediobasal temporal area. Dorsal mesencephalic 
tumors can be explored by a posterior interhemispheric-transtentorial, or 
suboccipital-supracerebellar approach. Although the operations are prefera-
bly performed in a single stage, with lesions that are bilateral and extensive, 
and that extend into multiple areas, we have also used staged operations to 
attempt remove the entire lesion.

The best positioning for the surgical procedure depends on the experience 
of the surgeon and anaesthesiologist, the location of the lesion, and the medi-
cal condition of the patient. I utilize the semi-sitting position for the resection 
of almost all posterior fossa lesions. This provides the best surgical access and 
drainage of the CSF and venous system. It offers a constant clean view, i.e. 
better visibility, and permits a permanent bimanual technique as the bleeding 
is cleared away by gravity, which obviates the need for regular suction, though 
the potential for venous air embolism should be considered. Accordingly, the 
prone and lateral positions are used very rarely. In the sitting position, it is 
important to apply a precordial Doppler monitor to detect venous air em-
boli and to have central venous access to aspirate such emboli. When lesions 
in proximity to the 7th nerve are resected, it may be useful to consider moni-
toring the 7th nerve function intraoperatively. Image guidance: trajectory 
planning and intraoperative neuronavigation may be useful in cases of the 
rare intracerebral epidermoid lesions.

2. MICROSURGICAL EQUIPMENT

As in conventional micro-neurosurgery, the operating microscope and the 
usual microsurgical armamentarium are necessary. Handling of a large epi-
dermoid requires microsurgical expertise involving the ability to work 
through key-hole approaches, with procedures that are atraumatic and non-
invasive to the CNS. Personally, I strongly adhere to the principles of micro-
surgical instrument usage as developed by Talacchi [10].

There is a current trend to reduce the invasiveness of classical microsurgical 
craniotomies, and endoscopic surgery has also gained wider application espe-
cially in skull base diseases [7]. Neuroendoscopy can be performed in various 
ways: [1] a coaxial (pure) endoscopic technique [2] endoscopic assistance: use of 
the endoscope in addition (and at certain stages of the surgery) to the micro-
scope, and [3] endoscopy-controlled surgery: use of endoscopic visualization 
in an open (but small) approach, with the use of microsurgical dissection in-
struments and techniques. I regard the endoscope as a reliable tool for assess-
ment of the extent of epidermoids, but it cannot be used  effi ciently for the 
 removal of large tumors by means of a coaxial technique. It may be helpful in 
depicting epidermoid remnants in blind areas of the cisterns and in reducing the 
need for extensive cranial base approaches. Endoscopic assistance in posterior 
fossa surgery facilitates the minimally invasive classic retromastoid approach. 
Through a preformed (retropetrosal) fi ssure combined with the advantage of 
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the (30  and 45 ) rigid scope, it furnishes an excellent image around the corner, 
e.g. supratentorial or along the trigeminal nerve, and allows a more radical, and 
atraumatic resection of recurrence-prone cysts in these spaces, which may be 
less clearly presented under the microscope. I have employed endoscopic as-
sistance in some cases involving extension beyond the CPA.

3. OPERATIVE TECHNIQUES

The optimum management of epidermoid tumors (whether intracranial or 
spinal) is complete surgical removal. The more complete the resection, the 
less likely that the cyst will return. This is often diffi cult to achieve because of 
the intimate relation between the tumor capsule and vital structures. The 
technique of resection is somewhat different from that employed with other 
solid neoplasms. Epidermoids are avascular, and the best advice is to enter the 
lesion and to work slowly and steadily, removing the contents and lining, fol-
lowing the cisternal compartments.

Specifi ties of epidermoid removal: Atraumatic exploration: arachnoidal 
access is nearly always easy as the tumor fi lls in the cisterns. Minimal retrac-
tion and no lobulectomy or tissue removal should be employed. The special 
pre-removal tactic of CSF release to gain working space is seldom needed. 
The epidermoid capsule is opened once the tumor is accessed. As opposed to 
the rule of opening only one window when removing tumors of fi rm tissue, 
avascular epidermoids can be resected by opening parallel entrances on the 
cyst: the borderline between the pathological and normal tissues does not 
become spoiled, i.e. indistinct and lost, and the adjacent normal tissue nor-
mally does not bleed. The substance of an epidermoid is soft keratin debris 
that can be eliminated by means of gentle suction and piecemeal removal. 
This reduces the internal volume of the tumor and allows manipulation of 
the tumor capsule. A plane can often be created between the thin, shimmer-
ing capsule and the overlying arachnoid and vital structures. Suction may 
have an outstanding role in epidermoid removal rather than peeling away the 
layers of the tumor with the help of the bipolar forceps. It is the method of 
choice in our hands for the piecemeal removal of not only the central portion 
of the tumor. Since these lesions are avascular, the best technique for debulk-
ing is to keep the sucker within the lesion and to work slowly and steadily 
with suction to dispose of the contents and lining, following the CSF com-
partments and protecting the nervous structures and vessels with the bipolar 
forceps (Fig. 2B). Atraumatic brain retraction is mandatory and can often be 
performed with ease via the suction tip. The hole in the suction tip for the 
fi nger control of pressure helps the surgeon adjust it to an appropriate level. 
During this procedure, either the assistant or the nurse is assigned the task of 
regulating the force of the suction under the direction of the  operator by 
holding a clamp on the suction tube. The assistant follows the removal care-
fully under the microscope and controls the suction pressure, raising, lower-
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ing or interrupting it as dictated by the situation to avoid inadvertent injury to 
the surrounding structures. If this control function is assigned to the nurse, she 
can follow the operation via the TV screen. The CUSA is rarely used for fear of 
causing inadvertent injury to cranial nerves that have become involved in the 
tumor mass. It is important to identify the vascular and neural structures sys-
tematically as the removal progresses because of the tendency of these lesions 
to insinuate themselves among these elements, making their location unpredict-
able. The lesion is either gently pulled away or sharply incised from its 
 attachments. Blunt dissection of the capsule from cranial nerves is strongly 
contraindicated; sharp dissection with scissors is advised (Fig. 2A). When the 
peripheral interface is dissected, the capsule is always pulled or sucked in a cen-
tral direction (centripetally), i.e. towards the tumor hole, so as to leave the nor-
mal tissue unretracted. The tumor mass may be easily shelled out from adjacent 
structures or they may be fi rmly anchored as a result of local infl ammation. As 
the mass becomes increasingly more mobile as the debulking process is per-
formed, the critical structures are protected by laying Gelfoam and cottonoid 
onto them. With this special tumor, I do not use sponges to re-infl ate the col-
lapsed tumor in order to reconstitute the original shape of the wall. The main-
tenance of tumor contours does not facilitate the dissection of epidermoids. 
With epidermoids, application of the classical microsurgical rule for tumor re-
moval (“from a large ball towards a small ball”) is not mandatory: one can 
progress along the shape of cisterns or fi ssures from a superfi cial starting point 
through to the end of the lesion. At the end of the dissection, it is  rewarding to 
see the stretched but intact cranial nerves along the length of the cranial axis.

If the capsule has a granulomatous reaction with adherence to vital struc-
tures, parts of the tumor capsule should intentionally be left behind rather 
than risk injury (Fig. 2C). It must be emphasized that the literature does not 
afford a clear picture as to how much tumor or capsule removal is required to 
prevent the patient from suffering recurrent clinical problems.  Consequently, 
aggressive dissection around the neural and vascular structures should be 
tempered by this fact.

CPA tumors: These lesions can be treated by neurosurgeons and/or neuro-
otologists (ENT surgeons). There are multiple approaches to the resection of 
CPA lesions, such as retromastoid suboccipital, subtemporal, skull base ap-
proaches (transpetrosal), e.g. middle cranial fossa and translabyrinthine. The 
translabyrinthine approach is impractical if preservation of the hearing is de-
sired. Additional tumor exposure can be achieved by extending it to a translab-

Fig. 2. Removal of a left CPA epidermoid tumor. A Sharp dissection of the vestibulo-coch-
lear nerve from the capsule of the epidermoid (e epidermoid tumor, f tumor forceps, s: pair 
of scissors, VIII vestibulo-cochlear nerve). B Removal of the soft keratin debris by means 
of suction. CPA nerves are protected by the forceps (e epidermoid tumor; f bipolar forceps, 
s: tip of the suction tube). C If the capsule has an adherence to nerve roots, parts of the 
tumor capsule should intentionally be left behind rather than risk injury (e epidermoid, d 
dissector)
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yrinthine-transcochlear approach. The transcochlear addition provides maxi-
mum control of the carotid artery and provides the most extensive surgical 
freedom of the petroclival region. Cases with extensive spread ofthe tumor are 
ideally suited for a team approach. In 3 patients where a signifi cant portion of 
the mass was located anterior to the brain stem, we performed team operations. 
Additional pre-sigmoid transpetrosal exposure was performed.

In situations where a signifi cant tumor mass extends through the tentorial 
incisura, the lesion can be readily dealt with by performing combined supra- 
and infratentorial craniotomies. The dural opening will include incisions into 
both the supra- and infratentorial spaces. Extreme care should be paid to the 
maintenance of venous drainage. In cases with dominant side lesions, I always 
make use of pre-operative MR-angiography so as to be familiar with the in-
dividual venous circulation.

In the majority of cases, I have performed lateral retromastoid suboccipi-
tal craniectomy. The technique of lateral retromastoid suboccipital craniec-
tomy has been described in the chapters by Al-Mefty, Mooij, and Kawase. As 
epidermoids tend to compel the subarachnoid space to expand, they create 
“surgical channels”, which allow access from the posterior fossa into the 
 middle cranial compartment. The tentorium can be split to gain access to the 
middle fossa and cavernous sinus when tumor dissection has begun in 
the posterior fossa. This can be achieved by identifying the 4th cranial nerve 
as it enters the incisura of the tentorium. The tentorium is incised posterior to 
the entrance of 4th cranial nerve. Occlusion of the superior petrosal sinus 
may also be necessary. Cavernous sinus bleeding is controlled with gentle 
Surgicel packing. Epidermoids may extend into the pons and into the 4th 
ventricle. The path of surgical dissection simply follows access to the pons 
and through the widened foramen of Luschka to the ventricle.

Petrous apex lesions may present a dilemma as concerns the surgical ap-
proach. The transcochlear approach could be appropriate if hearing is absent. 
If hearing is present, however, a middle cranial fossa approach could be cho-
sen, but the cochlea and the internal carotid artery must be avoided.

Fourth ventricular tumors: The technique of midline suboccipital craniec-
tomy has been presented in the chapter by Mooij (How to perform posterior 
fossa approaches). Instead of a craniectomy, a craniotomy can often be 
 performed without diffi culty especially in younger patients. For the vast ma-
jority of lesions situated superior to the foramen magnum, a C-1 laminecto-
my is not required. As for the route to the 4th ventricle, we prefer that via the 
tonsillar-uveal sulcus to the transvermian route.

Specifi ties of dermoids removal: Supratentorial dermoid cysts demon-
strate a predilection for the cavernous sinus [4]. They are usually interdural. 
A granulomatous reaction is often present, which causes dense adherence be-
tween the capsule and adjacent structures. There is involvement of the arach-
noid, and occasionally the pia mater. In these cases, careful and meticulous 
dissection is required. Complete microsurgical removal is generally possible, 
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but on rare occasions the infi ltration is too extensive and affects vital struc-
tures. In this situation, it is better to leave small areas of capsular tissue at-
tached, rather than risk damage to nerves and other structures.

A posterior fossa dermoid cyst should be considered in all children with 
an occipital dermal sinus. Cerebellar abscesses will arise once bacterial infec-
tion has occurred through the dermoid-associated dermal sinus. Early neuro-
surgical interventions, including external ventricular drainage, external 
 abscess drainage and primary removal, should be planned as soon as possible 
in accordance with the child’s condition.

The rupture of intracranial dermoid cysts is usually spontaneous and non-
fatal. If the capsule is adherent to vital areas, incomplete removal is advised as 
recurrence and malignant transformation are unlikely to occur.

Spinal dermoid cysts are associated with a dermal sinus tract [3]. The clin-
ical signifi cance of the dermal sinus tract depends on whether its deep end 
with the dermoid cyst is extra- or intrathecal. If it lies outside the dural sac, 
the dermal sinus tract can be traced from the cutaneous opening (the pit) 
through the midline defects in the lumbosacral fascia, muscles and neural 
arches to the bone spur, and should be removed together with the dermoid 
cyst before the dura is ever opened. If the dermal sinus tract is intradural, its 
intrathecal part with the cyst is often densely adherent to the cord or cauda 
equina, and exerts a tethering effect. The dermoid cyst is often large enough 
to cause cord compression. The entire intradural sinus tract and cyst must be 
excised in order to eliminate the tethering effect and prevent recurrence. The 
cyst is fi rst collapsed by intracapsular evacuation of its cheesy content, and 
the cyst wall is then carefully peeled off the pial surface of the cord. Its deep 
end should be removed with the fi brous median septum.

4. POSTOPERATIVE CARE

Chemical meningitis and communicating hydrocephalus may develop. Focal 
defi cits due to over-aggressive dissection around the neural and vascular struc-
tures should also be dealt with in the intensive care unit. Postoperative hydro-
cortisone, a regular lumbar tap or insertion of an extraventricular drain may help 
to prevent or treat these postoperative problems. Insertion of a ventriculo-peri-
toneal shunt may afford a long-term solution of mal-resorptive hydrocephalus.

After removal of a dermoid, fat may persist asymptomatically in the sub-
arachnoid spaces for years. Surgery is the only way to deal with these benign 
lesions.

5. LONG-TERM RESULTS AND COMPLICATIONS

Since epidermoids are benign in nature, their long-term assessment is re-
quired, not only to determine the extent of surgical removal, but also to mon-
itor tumor recurrence. During the initial follow-up period, the surgeon’s 
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 assessment of the extent of removal is more reliable than radiological infor-
mation, because the immediate shrinkage of the hypointense area on MR 
 images leaves open questions regarding residuals. However, the surgeon’s in-
traoperative judgement may not prove so accurate in the later follow-up. 
Fukushima reported on 152 CPA epidermoid patients, the largest series 
 involving this entity, 95% of whom underwent gross total resection of the 
lesion, including complete microsurgical dissection of the tumor capsule [2]. 
Three patients with extensive tumors participated in planned staged resection 
in two separate operations. Six cases were secondary resections of recurrent 
lesions after subtotal resection at other institutions. Twenty-three 
percent of these patients experienced new postoperative cranial neuropathies, 
but only 10% exhibited cranial nerve defi cits at the 6-month follow-up, most 
of which were mild. Nine patients (6%) displayed postoperative cerebellar 
symptoms. There was only one case (0.7%) of disabling postoperative chem-
ical meningitis. No mortality occurred in this series.

Talacchi and colleagues analysed the recurrence-free survival rate as a 
function of the extent of removal [9]. After subtotal removal, the curve grad-
ually descended, starting at 5 years; after 13 years, 95% of the totally resected 
patients were recurrence-free, as compared with 65% of those who under-
went subtotal removal. A lower rate of tumor regrowth was clearly demon-
strated after total removal.

Complete removal of the tumor was achieved in 80% of the patients in the 
series of Kaylie and colleagues and the resection was close to total in the re-
mainder [3]. Altschuler and colleagues reported a 54% total or near-total re-
section rate, and Yaşargil achieved “radical removal” in 97% of his patients [1, 
10]. Yamakawa and colleagues attained total resection in 47% of their patients 
with CPA masses, and subtotal resection in another 40% [5]. Gross keratin 
debris was not left in any of the patients in these series. The  Altschuler team 
discussed the reasons for tumor recurrence and surgical failure [1]. Failure 
primarily occurred when the original surgery did not pursue total removal 
suffi ciently and the surgeon tried to reduce cranial nerve morbidity by not 
removing the tumor aggressively from sensitive areas. They concluded that 
ultimately these patients were not spared cranial nerve defi cits. The subse-
quent surgery required was more diffi cult, which resulted in more extensive 
nerve injury than that which may have been caused by aggressive initial sur-
gery. They postulated that a second reason for failure was “most likely the 
result of a limited initial exposure”. Yaşargil reported similar arguments for 
near-total resection. I performed total resection in approximately 60% of the 
28 patients operated on in the past 15 years, and left adherent capsule or por-
tions of the tumor on the other side or with the vital neuro vascular structures 
in 40% of the cases. The preoperative status improved in 70% of these pa-
tients, particularly as regards the function of cranial nerves (CN) V and VII. 
Only 3 patients had permanent cranial nerve defi cits. The function of CN V 
and CN VII may recover after decompression, but the outcome of the symp-
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toms related to CN VIII is less certain. All authors correctly emphasize the 
importance of a long-term follow-up, because late recurrence is frequent, es-
pecially in patients with subtotal removal of their tumors. In view of this, the 
goal of the initial surgery must be total removal, if at all possible. Talacchi and 
colleagues operated on 30% of their patients a second time for progressive 
neurological deterioration, mean interval of 8.1 years after tumor removal. It 
seems that the time-span of the follow-up exerts a major infl uence on the 
proportion of reoperations or even second reoperations. I recently treated a 
patient who required a second operation 20 years after the initial surgical 
procedure. In conclusion: among CPA epidermoids, higher rates of preopera-
tive neurological disturbances and postoperative morbidity are observed in 
mesencephalic extended tumors. Fourth-ventricle tumors carry higher risks 
of surgical complications, whereas few clinical signs and a good outcome are 
more customary in posterior fossa basal  epidermoids.

HOW TO AVOID COMPLICATIONS

What are the main complications?

Radical removal can be associated with signifi cant neurological mor-1. 
bidity, such as cranial nerve defi cits, infarction due to damage to ves-
sels, etc. It is important to utilize surgical judgement and avoid dam-
age to vital structures through overly aggressive resection, but the 
long-term results are improved following a total resection.
Incomplete removal may leave tumor remnants that prevent relief 2. 
from preoperative symptoms and signs.
Recurrence can ensue with progressive symptoms and signs.3. 

How to deal with these complications: a balance between total (poten-
tially over-aggressive) resection and safety (with poorer long-term results) 
can be achieved when the surgical planning is meticulous and wide exposure 
is attained. This highlights the concept of ensuring wide surgical exposure, 
with acceptable cranial nerve morbidity, so as to prevent incomplete resec-
tion and the need for revision surgery.

Chemical meningitis: Cysts in the ventricles or in the subarachnoid 
space are liable to rupture. Spillage of the keratin debris into the CSF at the 
time of surgery may lead not only to distant seeding, but also to aseptic 
meningitis. An infl ammatory reaction develops between the capsule and 
the underlying structures, with consequent dense adherence between them. 
The neurosurgery literature refers to chemical meningitis as a frequent 
postoperative event, but none of the patients in our series developed this 
complication. Great care must be taken to avoid the spillage of tumor ma-
terial. The routine use of prophylactic corticosteroids is suggested. A high 



316

T. P. DÓCZI

rate of total or near-total tumor removal is virtually a guarantee that very 
little keratin debris will be left in the subarachnoid space to cause an in-
fl ammatory reaction.

Malignant transformations are extremely rare.

CONCLUSIONS

Epidermoid and dermoid cystic lesions are rare tumors. Their benign nature 
makes their total resection curative. However, their growth patterns and ten-
dency to adhere densely to vital structures makes complete removal diffi cult at 
times. The dilemma in the management of these tumors is that they are often 
large or giant-sized, they extend into a number of regions, and the patients may 
experience only mild neurological symptoms. Some surgeons deal with such 
lesions by operating through a minimally invasive small craniotomy, and re-
move only the contents of the cyst, and not the tumor capsule. This is a good 
short-term strategy. Nonetheless, such tumors usually do recur, often within a 
few years but overall, on average after 8 years. The second operation on the 
patient poses various problems, including the serious scarring caused by previ-
ous chemical meningitis, severe adhesions to the blood vessels and the brain, 
and the inability to remove the lesion totally or nearly totally without consider-
able morbidity. It is my view, therefore, that, whenever these lesions are oper-
ated on, the surgeon should strive to remove the lesion totally, or nearly totally 
(leaving small remnants if the capsule is attached to critical structures). Meticu-
lous preoperative planning and wide surgical exposure increase the rate of total 
removal and decrease the incidence of injury to important cranial structures. 
The key issue in the surgical technique is the sharp dissection of the tumor 
capsule from the nerves and the vessels. The use of a microsurgical endoscope 
may be helpful in depicting epidermoid remnants in blind areas of cisterns and 
in reducing the need for extensive cranial base approaches. I would like to stress 
that the development of complications is, in part, directly dependent on the 
surgeon’s skill and experience. With lesions that are extensive, and that extend 
into several areas, operations can be staged in an effort to remove the entire le-
sion. It must be emphasized that, despite the giant size of the lesions, some 
elderly patients can be followed up without undergoing surgery if they have no 
or only minimal symptoms. Serial MRI studies are recommended for the man-
agement of recurrent posterior fossa epidermoids, beginning 2 years after the 
initial operation and repeated at 2-year intervals. This strategy allows a better 
assessment for subsequent surgery, before the tumor extends beyond the origi-
nal location.

In conclusion: modern imaging tools and microsurgery techniques have 
considerably improved the completeness of cyst resection and reduced the 
rates of postoperative mortality and morbidity; however, there are still a sig-
nifi cant number of cases in which complete resection is impossible without 
producing severe neurological defi cits.
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TUMORS OF THE FOURTH VENTRICLE 
AND CEREBELLUM IN ADULTS

M. N. PAMIR

INTRODUCTION

The posterior fossa can harbor a diverse pathological spectrum of lesions. The 
incidence of these lesions varies considerably with age. Intraaxial tumors in 
this region can originate from the fourth ventricle, cerebellum and/or brain 
stem. Although the vast majority of intra-axial posterior fossa tumors in 
adults are metastatic in origin, other tumors and tumor like lesions may be 
encountered in this region, especially in young adults. The management strat-
egy depends on the nature and localization of the lesion and preoperative ra-
diological diagnosis plays a very important role in choosing this strategy. 
When surgery is indicated, cerebellar tumors can be approached with a me-
dian suboccipital craniectomy, unilateral posterior fossa craniectomy or lat-
eral suboccipital retromastoid approaches. The fourth ventricle tumors are 
also approached with a posterior median craniotomy/craniectomy. After du-
ral opening, the fourth ventricle is exposed through the telovelotonsillar fi s-
sure by cutting the tela choroidea or with a midline approach with vermian 
splitting. The exposure of fourth ventricle tumors by splitting of the vermis 
was fi rst described by Dandy, who indicated that this can be performed with-
out serious complications. However, cerebellar mutism, as well as other neu-
rological sequelae. As an alternative technique to avoid vermian splitting, 
Yaşargil described the median inferior suboccipital approach along the tonsil-
louveal sulcus to expose fourth ventricle lesions. Matsushima et al. reported 
the use of cerebellomedullary fi ssure for a similar approach.

RATIONALE

The posterior fossa extends from the tentorium down to the foramen mag-
num and contains cerebellum, brainstem, fourth ventricle and the cranial 
nerves. Intraaxial tumors of the posterior fossa arise from the cerebellum, 
fourth ventricle or the brain stem.

The cerebellum makes up 10% of the total brain weight but contains 
more than 50% of all neurons. Functionally, it performs regulatory functions 
on different sets of input. The major function is adjustment of the output 

Keywords: posterior fossa tumor, tumor in adults
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for major descending pathways. Anatomically, the cerebellum has 3 surfaces 
and it can be divided into midline and hemispheric structures. Posterior 
approaches expose the posterior surfaces. Vermis is centrally located and 
neighbors the tonsils at its inferior opening which is termed the vallecula. 
Bilateral cerebellar cortices contain lobules and fi ssures, which correspond to 
gyri and sulci of the cerebrum. Cerebellar corticotomy is performed parallel 
to the folia and the shortest route to tumor is used to avoid injury to deep 
nuclei and minimize iatrogenic injury. The deep white mater contains 3 sets 
of nuclei: fastiigal, interposed and dentate. The horizontal fi ssure provides 
the shortest route to the dentate nuclei and is used to evacuate hypertensive 
cerebellar hemorrhages, which are most commonly localized to the dentate 
nuclei. Lateral 1/2 cerebellar resection can be performed in emergency situa-
tions and this is usually well tolerated with transient hypotonia and ipsilat-
eral disdiachokinesia. Iatrogenic injury to the dentate nucleus, however, 
results in more severe and commonly permanent limb ataxia, nystagmus, hy-
potonia and hyporefl exia. The fourth ventricle is located between cerebellum 
and the brain stem and has a rhomboid shape. The cerebral aquaduct is lo-
cated in the most rostral point and in the most caudal point at the obex the 
ventricle connects to the central spinal canal. Lateral recesses harbor the 
foramina of Luschka, which are above the stria medullares and caudal to 
fl occuli, which open to the cerebellopontine angle. The upper 2/3 of the 
rhomboid fossa is located in the pons, while the inferior 1/3 lies in medulla 
oblongata. Within the rhomboid fossa several surface landmarks can be dif-
ferentiated such as the vertical central fi ssure, facial colliculi, stria medullares. 
These anatomical structures are used to defi ne the hypoglossal and vagal tri-
angles in planning of safe surgical entry zones to the brain stem. The poste-
rior wall consists of the superior medullary velum rostrally and inferior 
medullary velum caudally, which are connected by the fastigium. Through a 
posterior approach the telovelotonsillar fi ssure can be exposed in the cerebel-
lar vallecula and division of either the tela choroidea or the inferior medullar 
velum leads the surgeon into the ventricular cavity. The posterior inferior 
cerebellar artery (PICA) crosses through the telovelotonsillar fi ssure, is en-
countered and protected during surgical approaches.

DECISION-MAKING

1. CLINICAL PRESENTATION

Patients with posterior fossa tumors present to clinical attention either by 
direct neuronal dysfunction or signs and symptoms of obstructive hydro-
cephalus. Obstructive hydrocephalus will present with increased intracranial 
pressure (headache, nausea-vomiting, depression of mental status, and diplopia). 
Midline cerebellar masses present with truncal and gait ataxia and cerebellar 
hemispheric tumors result in limb ataxias, nystagmus, hypotonia and hypore-
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fl exia. Primary brain stem tumors or others that secondarily invade the brain 
stem structures result in direct cranial nerve involvement, usually involving 
multiple contiguous nerves. Upbeat nystagmus is also a classical manifesta-
tion of brain stem involvement. Laterally located tumors may present with 
disabling vertigo. Obstructive hydrocephalus can be seen in lesions located 
anywhere within the posterior fossa.

2. DIFFERENTIAL DIAGNOSIS

MRI is the gold standard in evaluating posterior fossa tumors. A correct 
preoperative diagnosis may be provided by MRI in more than 80% of the 
cases. Patient age and presenting symptoms provide extremely important 
clues and should be considered when evaluating the radiological fi ndings.

The vast majority of cerebellar lesions in the adult are metastatic in origin. 
Metastases are reported to comprise 55–75% of cerebellar masses in adults 
and this incidence is known to increase with advancing age. The typical met-
astatic lesion in the posterior fossa is located at the grey-white matter interface 
of the cerebellar cortex, enhances homogeously or in ring like pattern after 
contrast injection and present with marked peritumoral edema. Very rarely 
metastases can be encountered in the brain stem, pineal region, cerebellopon-
tine angle. Carcinomatous meningitis is also more commonly seen with pos-
terior fossa metastases than with supratentorial metastases. Multiplicity is 
highly suggestive of a metastatic origin, however may also be seen in heman-
gioblastomas, cerebellar abscesses or cavernomas.

Localization of a cerebellar-fourth ventricle mass may be suggestive of its 
diagnosis. Tumors that commonly arise in the midline structures are distinct 
from those that originate within the cerebellar hemispheres. Tumors commonly 
encountered in cerebellar hemispheres are hemangioblastomas and astrocyto-
mas. In adult patients, a large cystic posterior fossa mass with a brightly enhanc-
ing mural nodule is suggestive of a hemangioblastoma. Hem angioblastomas 
most commonly present between the 3rd and 5th decades. They may occur spo-
radically or in 25% of the cases in association with other visceral tumors and 
cysts as component of the familial von Hippel-Lindau syndrome. Syndromic 
cases occur signifi cantly earlier with a mean age of 29. In children, a cystic cer-
ebellar lesion with a mural nodule is far more likely to be a pilocytic astrocyto-
ma. Pilocytic astrocytomas can both be solid or cystic and the size of the cyst 
varies with some cases having intratumoral lacunae while others present with 
massive cysts and only small solid components in the form of mural nodules. 
The cyst wall is made up of the tumor. Pilocytic astrocytomas are more common 
in younger adults with only rare cases occurring after the 5th decade.

Brain stem gliomas may present as posterior fossa masses, but are very in-
frequently encountered in the adults. Other masses that may mimic cerebellar 
hemispheric tumors are abscesses and cerebellar hemorrhages. Cerebellar hem-
orrhage may mimic tumors or may be the initial manifestation of a posterior 
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fossa tumor. Extraaxial tumors that present as posterior fossa masses are most 
commonly located in the cerebellopontine angle and include vestibular schwan-
nomas, meningiomas, epidermoid tumors and metastases. Both epidermoid 
tumors and arachnoid cysts may present as extraaxially located cystic masses 
which characteristically have no enhancing mural nodules.

Tumors that commonly arise in the midline are medulloblastoma, ependy-
moma, choroid plexus tumors, dermoid tumors and arachnoid cysts. In 
adults, 80% of medullobastomas are seen in the second to fourth decades. 
Although most childhood medullobastomas are located in the vermis, inci-
dence of cerebellar involvement increases with age. Both medulloblastomas 
and ependymomas may present with calcifi cations. Calcifi cations are small 
punctate in ependymomas and in the form of large clumps in medulloblasto-
mas. Tumors of the fourth ventricle may originate form within the ventricle 
(as in choroid plexus papillomas, subependymomas and ependymomas) or 
secondarily invade the ventricle (as in astrocytomas, gangliomas, medullo-
blastomas dermoid and epidermoids).

3. INDICATIONS (SCHEMATIC ALGORITHMS)

The management of the posterior fossa tumor depends on the nature of the le-
sion, its localization and the medical status of the patient. Surgical resection of 
a cerebellar metastasis is a palliative or in some cases a diagnostic procedure. 
The surgical outcome is dependent on preperative functional status, so that 
surgical resection is considered in functional and independent patients that 
present with posterior fossa mass effect or in those with solitary cerebellar me-
tastases to obtain a tissue diagnosis. Chemo- or radio-sensitive primaries or 
carcinomatous meningitis as well as multiplicity are contraindications for sur-
gical treatment. For most tumors of the cerebellum and fourth ventricle other 
than metastases, the surgery is performed with a curative intent, with the opti-
mal goal being total surgical removal. Brain stem invasion carries a very high risk 
of operative morbidity and the benefi ts should be weighed against potential 
surgical risks in such patients. As an example, residual tumor in the brain stem 
or on cranial nerves is preferable to devastating neurological defi cits in patients 
with medulloblastoma which is responsive to radiation and chemotherapy.

There is no clear consensus on how obstructive hydrocephalus should be 
managed in a patient with a posterior fossa tumor. Preoperative CSF-shunt-
ing or ventricular drainage is performed by some centers, however our pref-
erence is to primarily treat the underlying pathophysiology by removing the 
tumor mass and decompressing the posterior fossa.

4. PREOPERATIVE ASSESSMENT

The spectrum of diseases encountered in the posterior fossa differs between age 
groups and certain symptoms and fi ndings can lead the managing physician to 
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different diagnoses. Therefore a detailed history and neurological examination 
and the contrast enhanced MRI are mandatory to reach the most accurate diag-
nosis possible. As lung cancer is the forerunner among metastatic malignancies, 
chest X-ray will simply and quickly provide information about a possible ma-
lignancy. If the posterior fossa tumor is suggestive of a malignancy with CSF 
dissemination risk (medulloblastoma, ependymoma), pre operative MRI of the 
spinal axis is mandatory. Postoperative contrast enhancement makes the inter-
pretation of theses studies diffi cult and this leads to a delay of two weeks. It is 
convenient to perform these studies preoperatively.

SURGERY

1. PREPARATION OF THE PATIENT AND LIST OF NECESSARY EQUIPMENT

Preoperative workup of the patient for posterior fossa surgery does not differ 
signifi cantly from other craniotomies. In patients with signifi cant mass effect 
within the posterior fossa, close surveillance, preferably in the intensive care 
unit is justifi ed. All tumor resections in the posterior fossa are performed us-
ing microsurgical technique. We prefer using the three pin-head fi xation and 
a Gilsbach frame as a hand-rest and to fi x the self retaining retractors. In 
certain cases the ultrasonic aspirator may be needed.

2. OPERATIVE TECHNIQUE

Depending on the localization of the mass, different approaches can be used 
for intraaxial posterior fossa tumors. Midline tumors and fourth ventricle le-
sions are best approached with a midline suboccipital craniectomy. The fourth 
ventricle is exposed either through the telovelotonsillar fi ssure or by incision 
of the inferior vermis. Cerebellar hemispheric tumors can be exposed with 
the same midline approach or through a unilateral posterior fossa craniotomy. 
Tumors that are localized to the lateral surface of the cerebellum can be ap-
proached with a lateral suboccipital craniectomy.

Posterior midline lesions and medial cerebellar hemispheres are best ap-
proached with a midline posterior suboccipital craniectomy. On the vertical 
plane the midline approach provides an exposure from the superior aspect of 
the cerebellum, down to the foramen magnum. The patient is placed in the 
prone position and the head is fi xed with a pin-headrest. The sitting position 
is not utilized at our institution due to the high incidence of complications, 
which is commonly cited in the literature. A slight reverse-Trendelenburg 
position facilitates venous return. The midline skin incision extends from the 
inion down to the cervical region. Dissection of the avascular median-raphe 
provides a convenient entry route. Occipital muscles are cut and the perios-
teum is dissected laterally. Bleeding from emissary veins can be controlled 
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with bone-wax. The occipital squama may be thinned with a pneumatic drill 
which shortens the opening duration. Craniectomy extends down to foramen 
magnum. Removal of the C1 arc may be performed in patients with tonsillar 
herniations to adequately decompress the bulbus and the upper cervical cord. 
While going laterally, the relation of the vertebral artery to Atlas and occipital 
bone should be kept in mind and great care should be given to its protection. 
The dura is opened in Y shaped fashion. Occipital and circular sinuses are 
ligated and divided. Entry to deep seated lesions can be performed with a 
small horizontal corticotomy parallel to cerebellar folia or as in the surgery of 
cerebellar hemorrhages in the dentate nucleus, through the horizontal fi ssure. 
Localization of a small tumor mass within the cerebellum and determination 
of the shortest route to the tumor may be accomplished using intraoperative 
ultrasonography. Navigation systems also will aid in correct localization. 
Tumor resection is followed by meticulous hemostasis and watertight closure 
of the posterior fossa dura. A generous duroplasty is usually performed using 
the patient’s own tissue materials such as galeal or fascia-lata grafts. Removed 
bone is not replaced.

Unilateral posterior fossa craniectomy is performed in the lateral decubitus 
positiona and in many respects similar to midline posterior suboccipital 
craniectomy. Mastoid emissary veins and mastoid air cells are sealed with 
bone wax. Following a unilateral craniectomy, the rim of foramen magnum 
and the arch of Atlas are removed.

Lateral lesions can also be approached with a lateral suboccipital craniec-
tomy. Lateral suboccipital craniectomy may be performed in the lateral, 
Jannetta or park Bench positions. The head is fi xed with a pin-headrest and 
15˚ lateral bending of the neck. Head may be slightly rotated depending on 
the localization of the target on cerebellar surface. A vertical incision from 
3 cm posterior to the mastoid process down to the neck is followed by muscle 
dissection in the neck to expose the occipital bone. Mastoid air cells should be 
plugged with bone-wax to avoid CSF fi stula and bleeding from mastoid emis-
sary veins should be occluded with bone-wax. We thin the occipital bone 
with a pneumatic drill and perform an ovoid craniectomy below the trans-
verse and posterior to sigmoid sinuses. With a “Y” shaped incision, dura is 
opened which exposes the cerebellum. Cisternal CSF drainage can be per-
formed to gain extra space. As in midline approaches, localization of the 
tumor within cerebellum can be performed with intraoperative ultrasonogra-
phy or navigation.

The fourth ventricle approached through the telovelotonsillar fi ssure ap-
proaches and vermian splitting is seldom required. The telovelar approach is 
directed through the cerebellomedullary fi ssure to the tela choroidea and the 
inferior medullary velum. Opening of the tela or splitting of the paper thin 
velum leads to the ventricular cavity. In large intraventricular tumors both 
structures may be stretches on the tumor pseudocapsule. Opening of these 
anatomical structures does not result in new neurological defi cits. The rhom-
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boid fossa, dentate nuclei that lie rostral to the tonsils, cerebellar peduncles 
and the PICA should be protected during surgery. These approaches provide 
a wide view of the ventricle, lateral to the foramen of Lushka. Vermian split-
ting involves a median suboccipital craniectomy, cerebellar exposure, incision 
of the inferior vermis and entry into the fourth ventricle between the laterally 
retracted cerebellar lobes.

3. SPECIAL CONSIDERATIONS IN INDIVIDUAL TUMOR TYPES

Metastatic tumors in cerebellar hemispheres make up 15–30% of patients 
with intracranial metastases. Complete surgical removal followed by postop-
erative whole brain irradiation provides symptomatic improvement and in-
creased functionality. Posterior fossa metastases have a poorer prognosis 
when compared to their supratentorial counterparts. Local recurrence is sim-
ilar to that of supratentorial metastasis surgery but leptonemingeal seeding is 
more commonly observed in cerebellar metastases.

Total surgical resection is curative in cerebellar pilocytic astrocytomas so 
every attempt must be made to completely remove the tumor during initial 
surgery. These tumors are more commonly encountered in pediatric patients. 

Fig. 1. Posterior fossa metastases are well demarcated from the surrounding cerebellar tis-
sue. The tumor in the fi gure (A–C) was totally resected with a midline posterior suboccipital 
craniectomy (D–F). If the localization of the tumor is not evident on intraoperative imaging, 
intraoperative ultrasonography or navigation are helpful
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The tumor may be solid, microcystic or may harbor large cysts fi lled with a 
xanthochromic fl uid. The cyst wall contains tumor cells, however in such 
cases the mural nodule is resected and the removal of the wall is not necessary. 
Solid tumors are fi rst decompressed by internal debulking using ultrasonic 
aspirator.

Capillary hemangioblastomas are histologically benign and highly vascu-
lar tumors. Within the posterior fossa hemangioblastomas may present as 
cerebellar or brain stem masses. Especially those, that are associated with von 
Hippel-Lindau syndrome may present with multiple masses. The defi nitive 

Fig. 2. Cerebellar hemangioblastomas can present in the posterior fossa as cerebellar, 
fourth ventricle or brain-stem lesions. The fi gure presents a cystic hemangioblastoma local-
ized to the cerebellar hemisphere (A–C). Hemangioblastomas are highly vascular lesions as 
demonstrated on the cerebral angiogram (D, E). Therefore the tumor should be dissected 
and devascularized along the gliotic margin (F–H). Attempts at biopsy or subtotal resection 
may result in massive hemorrhage
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treatment is complete surgical excision and this is virtually curative. Three-
fourths of cerebellar hemangioblastomas present as cystic tumors with a 
mural nodule and these can be resected with little diffi culty. The cerebellar 
surface is exposed with a posterior median suboccipital craniectomy and the 
shortest route to the tumor is determined using intraoperative ultrasonogra-
phy. Entry of the cyst cavity leads to the mural nodule. Among posterior 
fossa tumors, hemangioblastomas are the most vascular. Attempts at tumor 
biopsy or piecemeal removal will result in signifi cant hemorrhage, therefore 
the tumor nodule is dissected along the gliotic margin and devascularized us-
ing bipolar coagulation. Associated cysts do not contain viable tumor tissue 
and therefore should not be resected. The decision making is more critical in 
brain-stem hemangioblastomas. Such tumors may arise within the fourth 
ventricle without brainstem involvement and such cases can be resected by 
transvermian splitting or the telovelar approaches with minimal morbidity. 
However, those that arise from the fl oor of the fourth ventricle have a 
subpial attachment and attempts at radical removal are associated with a 
signifi cant risk of brainstem injury. Gamma-Knife radiosurgery may be an 
alternative means of treatment in these cases. Ten year tumor control rates in 
excess of 95% have been reported using radiosurgery.

Fig. 3. Medulloblastomas most commonly arise at the midline in the posterior fossa (A–C). 
The tumor most commonly has a suckable consistency. Medulloblastomas can invade the 
fourth ventricle fl oor, therefore the initial goal should be identifi cation and protection of 
the fourth ventricular fl oor. Total resection should be possibly resected totally (D–F) but 
aggressive resection of parts that invade the brain stem or cranial nerves can result in seri-
ous morbidity
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Medulloblastomas are most commonly midline tumors and usually dis-
tend the vermis and protrude through the foramen of Magendie. They appear 
reddish-grey during surgery, are friable in nature but easily “suckable” in 
consistency. The tumor may invade the fl oor of the fourth ventricle both lat-
erally and at the midline and attempts to resect this portion are associated 
with very high morbidity. Therefore the initial goal in surgery for medullo-
blastomas is to identify and protect the fourth ventricle fl oor. Due to the 
frequently large size, tumor resection starts with internal decompression us-
ing suction or ultrasonic aspirator followed by circumferential dissection. 
Medulloblastomas recur in the posterior fossa, therefore proper closure, re-
specting the anatomy, is of great importance.

Ependymomas most commonly arise at the obex and grow into the fourth 
ventricle. They conform to the shape of the anatomical compartment they 
grow in. Protrusion into the upper cervical spinal canal and extension to the 
cerebellopontine angle are very commonly encountered. Ependymomas are 
exposed with a telovelar approach or by vermian splitting to the fourth ven-
tricle. The bulk of the tumor can easily be resected through a posterior mid-
line approach. However, most commonly ependymomas attach with a broad 

Fig. 4. Choroid plexus papillomas in the adults are commonly located within the fourth 
ventricle (A–C) and commonly causes hydrocephalus. During surgery the tumor will ap-
pear as a caulifl ower-like mass that fi lls up the fourth ventricular space. Total resection 
can be easily achieved in most cases as the tumor is well demarcated from the surround-
ing tissues (D–F)
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base to the fourth ventricle fl oor and in most cases this adherence precludes 
total resection.

Choroid plexus papillomas and carcinomas are caulifl ower-like masses. 
They are usually well delineated from brain tissue but may adhere to the ven-
tricular wall.

4.  POSTOPERATIVE CARE, ADJUVANT THERAPIES AND LONG-TERM 
RESULTS

In our institution we use 3T-intraoperative MRI (ioMRI) to assess the extent 
of resection. If unexpected residual tumor is detected, further resection is per-
formed. If no ioMRI is available, early postoperative MRI, within the fi rst 
24 hours gives an objective estimate of the resection and this will direct adju-
vant treatment.

Surgical resection of a solitary cerebellar metastasis is a palliative proce-
dure and should be followed by whole brain irradiation and treatment di-
rected at the primary. Medulloblastomas are malignant tumors and invariably 
require adjuvant therapies. Radiation therapy, especially to the posterior fos-
sa, has an important impact on survival. Radiotherapy to the rest of the neu-
raxis is also considered in case of CSF seeding. Chemotherapy is of greatest 
value for patients with large residuals and CSF metastasis. In most ependy-
momas residual tumor tissue attached to the fourth ventricle fl oor requires 
adjuvant treatments. Ependymomas are generally radioresistant tumors, re-
sults with radiosurgery are not signifi cantly better. Chemotherapy can be 
considered in selected cases.

Gamma-Knife radiosurgery can be used as adjunct in the case of residual 
tumors or as a primary treatment for small metastases, small and solid heman-
gioblastomas. In our experience results are very satisfactory for metastases, 
hemangioblastomas, medulloblastomas, pilocytic astrocytomas; however sig-
nifi cantly poorer in ependymomas and ependymoblastomas.

HOW TO AVOID COMPLICATIONS

Potential complications of the posterior fossa surgery are numerous and 
many can be disastrous. Hematoma in the surgical bed is a common surgical 
complication and can be avoided with meticulous hemostasis. Epidural he-
matomas may be seen with use of the pin-head rests. In patients with a 
posterior fossa hematoma may present without any warning and progress 
to respiratory depression due to brain stem compression. Hypertension 
should alert the managing team. Cerebellar swelling is also reported but is 
very rarely observed during surgery or postoperatively due to cerebellar 
venous injury in retrosigmoid approach. Our institutional routine is to 
close the posterior fossa dura in a watertight fashion, but CSF leak and 
pseudomeningocelles can still be encountered. In our experience surgical 
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glues have greatly increased the infection risk, therefore we prefer to use 
patients’ own tissues such as muscle, far and fascia lata for such repairs. 
Rhinorrhea may occur after posterior fossa surgery, due to CSF leak through 
mastoid air cells, therefore meticulous closure of air cells should be per-
formed during surgery using bone-wax. Infection rate in posterior fossa 
surgery is not any higher than the rest of the brain. A disastrous complica-
tion in tumors that invade the brain stem is failure to wake up after surgery 
which may occur due to brain stem injury. Cranial nerve defi cits may occur 
due to brain stem injury or due to direct manipulation in tumors that invade 
the anterior brain stem. Cerebellar mutism is reported to occur after ver-
mian splitting and can be avoided by using the telovelar approach instead. 
Both cerebellar mutism and pseudobulbar palsy are peculiar clinical syn-
dromes that may occur after posterior fossa surgery, mainly in pediatric 
patients and are usually self limiting. Air embolism and tension pneumo-
cephalus are described during surgery in the sitting position. Some authors 
have indicated that the risk may be minimized with continuous monitoriza-
tion for air embolus and atrial cardiac catheterization to aspirate the embo-
lus when needed. In our practice we do not use the sitting position as the 
risks of surgery far outweigh its advantages.

CONCLUSIONS

The most common tumor in the posterior fossa of an adult is • 
metastasis.
A variety of other intraaxial posterior fossa lesions may also be seen. • 
The pathological spectrum of these pathologies varies with patient age 
and tumor localization within the posterior fossa.
Patient history, symptomatology, neurological fi ndings and • 
neuroradiological imaging can provide signifi cant clues about the 
diagnosis.
The management strategy depends on the nature and localization of • 
the lesion, the functional status of the patient.
Cerebellar lesions can be approached with median, unilateral or para-• 
median suboccipital craniectomies. Fourth ventricle can be exposed 
using the median suboccipital approach through the telovelotonsil-
lary fi ssure or by vermian splitting.
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VESTIBULAR SCHWANNOMAS
M. SAMII

INTRODUCTION

The fi rst description of a vestibular schwannoma (VS) was done by Eduard 
Sandifort in 1777, while the fi rst successful surgical removal of VS was report-
ed in 1894 by Sir Charles Ballance. Major advancements were made later on 
by F. Krause, who introduced the retrosigmoid approach to the cerebellopon-
tine angle (CPA), by V. Horsley, H.  Cushing, W. Dandy, and H. Olivecrona. 
 Dandy was the fi rst to demonstrate that the complete removal of VS should be 
the goal of surgery in order to prevent recurrences and that – if the capsule is 
dissected meticulously – the mortality and morbidity could be  reduced.

The translabyrinthine approach was developed by Panse in 1904 but was 
disfavoured in the following 60 years. W. House introduced the microscope 
and microsurgical techniques and repopularized this approach as a method 
not only of achieving tumor removal but also of preserving the facial nerve. 
He developed also the middle fossa approach to the CPA.

The further elaboration of the retrosigmoid approach and the introduc-
tion of the microsurgical principles in the VS surgery over the last 4 decades, 
transformed the surgery of VS. Nowadays it is a safe procedure; complete 
tumor removal has become the rule and functional preservation of all cranial 
nerves is achieved in exceeding numbers [1, 10, 12].

RATIONALE

The CPA is a triangular space defi ned by the pyramid anterolaterally, the 
tentorium superior, the pons medially, and the cerebellum dorsomedially [6]. 
It is located between the superior and inferior limbs of the cerebellopontine 
fi ssure. The CPA cistern contains the trigeminal, abducent, facial, and vesti-
bulocochlear nerves, the superior cerebellar and anterior inferior cerebellar 
arteries, the fl occulus of the cerebellum, and the choroid plexus that  protrudes 
through the foramen of Luschka. VS are heterogeneous tumors with varying 
extension pattern and unpredictable displacement of the cranial nerves in the 
CPA. A detailed knowledge of the complex relationship of the tumor to cra-
nial nerves, cerebellar arteries, and brain structures to the VS is a prerequisite 
for optimizing the outcome of surgery. At the brain stem and in the internal 
auditory canal (IAC) the course of the nerves is relatively constant. The facial 

Keywords: vestibular neuromas, microsurgery, cerebellopontine angle surgery
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nerve exits the brain stem in the lateral part of the pontomedullary sulcus, 
1–2 mm anterior to the entry zone of the vestibulocochlear nerve. The posi-
tion of the nerves in the lateral portion of the IAC is also constant: the facial 
lies in the superior-anterior quadrant, the cochlear nerve – in the inferior-
anterior quadrant, the superior vestibular nerve – in the superior-posterior 
quadrant, and the inferior vestibular nerve – in the  posterior-inferior quad-
rant. In the CPA the facial nerve is found most frequently anterior to the tu-
mor in the middle or upper third of the capsule [11]. The cochlear nerve has 
less anatomical variation and is usually found in the anterior-inferior portion 
of the tumor capsule. The ninth, tenth, and eleventh cranial nerves are located 
in the lower part of the cerebellopontine angle.

Tumors of the CPA account for 5 to 10% of all intracranial neoplasms. The 
most frequent are VS, followed by meningiomas and epidermoid tumors.

DECISION-MAKING

VS are histopathologically benign, typically slow-growing neoplasms and 
comprise 75–86% of CPA tumors [1, 3, 7]. VS originate most frequently from 
the intracanalicular part of the vestibular nerve in the region of the transition 
zone between central and peripheral myelin, generally in the medial part of 
the IAC. Their natural evolution is  unpredictable, with an annual growth rate 
between 0.2 mm and 2 mm.

Four stages of VS growth have been described: intracanalicular, cisternal, 
brainstem compressive, and hydrocephalic. Each stage is characterized by 
specifi c neurological symptoms that are due to compression or displacement 
of cranial nerves, brain stem, and cerebellum, or to hydrocephalus.

VS are commonly classifi ed according to their size or extension. However, 
the extension of the tumor in the CPA is more important than its diameter. A 
classifi cation [7] based on the extent of tumor growth and the presence and 
severity of brain stem compression in its relation to the brain stem (Fig.1A–D) 
is presented below:

 T1   – purelyrely intracanalicular VS
 T2   – intrameatal or extrameatal
 T3 A – fi lling the CPA cistern
 T3 B – reaching the brainstem
 T4 A – compressing the brainstem
 T4 B –  severe compression and dislocation of the brainstem and the 

fourth ventricle

The diagnosis of VS relies on history, physical examination, and audiom-
etry and is solidifi ed by neuroradiologic examination. Audiograms generally 
reveal high frequency sensorineural hearing loss and speech discrimination is 
severely affected. High-resolution bone window CT is essential for  visualizing 
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bony changes and erosion of IAC, as well as for surgical planning. MRI is the 
diagnostic tool of choice for all CPA tumors. On T1-weighted MRI images 
VS are isointense or slightly hypointense to the normal brain and on T2-
weighted images they are hyperintense. They show an intense and homoge-
neous contrast enhancement with the exception of cystic tumor parts.

Treatment options of VS include observation, radiosurgery, and microsur-
gical removal via one of several operative approaches. Another option – sug-
gested for large VS – is the combined staged treatment. At the fi rst stage the 
tumor is debulked and its mass effect and compression of the brainstem are 

Fig. 1. T1-weighted MRI with contrast enhancement showing the 4 stages of VS growth 
(A–D)
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relieved. The residual tumor is treated radiosurgically at a second stage. In 
choosing the most appropriate treatment mode the preservation of neuro-
logical functions and quality of life are of paramount importance.

The number of asymptomatic incidentally discovered small VS is increas-
ing due to the wide spread of MRI facilities. Some of them might not show 
further growth or might even undergo spontaneous regression. Based on this, 
the conservative approach – observation – is recommended. As the natural 
evolution of VS is still unpredictable, this strategy should be applied only in 
very carefully selected cases, with regular MRT follow-up – at 6 to 12-month 
intervals. It is indicated for old and/or somatically unstable patients with 
small asymptomatic tumors or tumors causing mild stable symptoms. How-
ever, long-term follow-up results indicate that majority of the tumors exhibit 
further growth and in case of larger tumors the chance of hearing preserva-
tion might be much lower.

An alternative to microsurgical tumor removal is the radiosurgery [4]. Its 
goal is to achieve tumor control and success rates of 93–98% have been re-
ported. Further tumor growth, however, is observed in 2 to 7% of the cases. 
The risk of late facial neuropathy varies from 1 to 24%, the rate of trigeminal 
dysfunction is 2–27%, and hearing preservation is achieved in 40–74%.

The optimal therapy of VS is complete tumor removal with preservation 
of all neurological functions. This goal is achieved in ever increasing numbers 
in different highly specialized centers. The three most commonly used opera-
tive approaches are the translabyrinthine, the middle fossa and the retrosig-
moid. The selection of the approach is related to factors such as tumor size, 
extension in the IAC, preoperative hearing level, and mostly – surgeon’s ex-
perience, preferences, and institutional tradition. Excellent results have been 
achieved with each of these techniques: complete tumor removal is achieved 
in 80–99% [1, 3, 10, 12].

The benefi ts of the translabyrinthine approach [1–3] are shorter distance 
to the tumor, avoidance of cerebellar retraction, and early identifi cation of the 
facial nerve at the lateral end of the IAC. Drawbacks are inevitable sacrifi ce to 
hearing, restricted access to the CPA, diffi cult dissection and hemostasis close 
to the brain stem, as well as poor visualization and access to the caudal cra-
nial nerves.

The middle fossa approach [1, 12] is a hearing preserving option that al-
lows direct access to the lateral end of the IAC and safe removal of the most 
lateral part of the tumor. The risk of CSF leaks is low. On the other hand, the 
approach is applicable for small tumors, necessitates temporal lobe retraction, 
endangers the vein of Labbé, and offers a restricted access to the CPA.

The retrosigmoid suboccipital approach is the most popular among neu-
rosurgeons [1, 6–11]. It offers: an excellent panoramic visualization of the 
whole CPA; increased safety during dissection from the brain stem and lower 
cranial nerves; possibility to preserve hearing even in large VS; identifi cation 
of the facial and cochlear cranial nerves both in their proximal (close to the 
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brain stem) and lateral part (in the IAC) thus increasing the chances for their 
preservation; and possibility to reconstruct the facial nerve in the CPA at the 
same surgery, if needed. Some drawbacks, traditionally ascribed to the ap-
proach – need of cerebellar retraction, diffi cult visualization of the most lateral 
part of the IAC without endangering the integrity of the inner ear; higher rate 
of postoperative headache – have been largely overcomed with some modifi -
cation of the original technique described below.

SURGERY

1. POSITION OF THE PATIENT

The semi-sitting position is preferred because it allows bimanual tumor dissec-
tion [7]. Further, the assistant performs continuous  irrigation of the operative 
fi eld and thus there is no need of constant suction and coagulation during tu-
mor removal. The head of the patient is slightly fl exed and rotated 30º to the 
involved side but the venous jugular outfl ow should not be occlude or the 
cervical spine hyperfl exed or extended. This position of the patient is related 
to some risks, such as venous air embolism, paradoxic air embolism, tension 
pneumocephalus, or circulatory instability. The measurement of end-tidal car-
bon dioxide levels and the routine precordial Doppler echocardiography al-
low early detection of venous air embolism. The morbidity related to venous 
air embolism is insignifi cant if immediate and effective measures at the fi rst 
sign of venous air embolism are undertaken.

2. MONITORING

The continuous neurophysiological monitoring throughout the procedure is 
of utmost importance in every CPA surgery [5]. Monitoring of somatosen-
sory evoked potentials is especially important during patient positioning in 
order to avoid spinal cord compression. The facial nerve is monitored con-
tinuously by EMG transferred by loudspeakers. Bipolar recording needle 
electrodes are fi xed at the eyebrow for the orbicularis oculi muscle and at the 
mouth angle for the orbicularis oris muscle. Electrical activation is applied in 
case of diffi cult nerve identifi cation or for testing the reactivity of the nerve. 
Monitoring of the auditory evoked potentials is a prerequisite for  preserving 
hearing function. 

3. INCISION AND EXPOSURE

A slightly curved skin incision approximately 1 to 1.5 cm medial to the mas-
toid process is performed. The underlying fasciae and the suboccipital mus-
cles are incised and separated from their bony attachments. The superior 
nuchal line overlies the transverse sinus and the sigmoid sinus descends along 
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the axis of the mastoid groove. A burr hole is made and the occipital bone is 
removed using bone rongeurs, thus exposing the borders of the sigmoid and 
transverse sinuses, as well as their junction. The craniotomy should extend to 
the fl oor of the posterior fossa. Because of the high risk of damaging the dura 
and/or the venous sinuses with the craniotome we do not recommend the 
one-piece craniotomy. The dura is incised in a circularly just 1.5–2 mm medial 
to the sigmoid and inferior to the transverse sinus (Fig. 2). The cerebellum is 
elevated slightly with a spatula, the lateral cerebellomedullary cistern is opened, 
and CSF is allowed to drain. Thus, the cerebellum relaxes away from the 
petrous bone and the self-retaining retractor just supports and protects the 
hemisphere, instead of compressing it.

4. TUMOR REMOVAL

The intrameatal tumor portion is exposed initially with the exception of very 
large tumors which overlap the posterior pyramid. The preoperative high-
resolution bone window CT scans with thin slices have to be studied and the 
position of inner ear and jugular bulb determined prior to opening of the 
IAC. The dura around the posterior lip of the IAC is removed widely. The 
posterior and superior walls of the IAC are drilled off with decreasing sizes of 

Fig. 2. The dura (D) has been incised circularly just inferior o the transverse sinus and 
medial to the sigmoid sinus and pulled out with 2 stitches (arrows). The tumor (Tu) and 
the posterior surface of the pyramid (P) are visible. The cerebellum is supported by a 
retractor (R)
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diamond drills (Fig. 3). It should be remembered that the posterior semicircu-
lar canal and its common crus with the superior canal are located lateral to the 
posterior meatal lip, while the vestibular duct is located inferolateral to the 
meatal lip. These structures should not be damaged if hearing is to be pre-
served [8]. The extent of IAC opening is tailored to the extent of lateral tumor 
extention. If drilling of IAC is limited by the inner ear structures, the region 
of the fundus could be inspected with the help of an angulated endoscope.

The meatal dura is then incised and the intrameatal tumor is exposed. The 
facial and vestibulocochlear nerves are identifi ed due to their constant loca-
tion in the IAC. Then, the most lateral tumor portion is carefully mobilized 
out of the IAC with a microdissector and the tumor is piecemeal removed. 
The extrameatal intracapsular tumor debulking is performed with the 
 Cavitron ultrasonic aspirator. The dissection of the capsule should begin only 
after adequate internal decompression is achieved. It is performed by strictly 
gripping the tumor capsule and dissecting in the level of the arachnoid plane 
under continuous saline irrigation. As most of the microvascular blood supply 
to the nerves is in the subarachnoid space, it is important that dissection of the 
nerves from the capsule proceed in the correct plane [6, 11]. The tumor is dis-
sected medially along the brain stem for identifi cation of the medial part of 
the facial nerve [9]. Then, the nerve is dissected from the upper tumor por-
tion. Pulling of the rest of the capsule medially and upward, allows visualisa-

Fig. 3. The IAC is widely opened and the tumor is still covered by the meatal dura
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tion of the lowest and most lateral aspects of the facial nerve. The dissection 
is alternated from different directions. In order to avoid thermal injury to the 
vulnerable cranial nerves, bipolar coagulation is reduced to a minimum and 
left up to the end of surgery for fi nal hemostasis. In the area just medial to and 
inside the porus the facial and cochlear nerves are generally extremely adher-
ent to the tumor. This tumor part is dissected at the end (Fig. 4).

Once complete tumor removal is achieved, the continuity of the facial 
nerve can be confi rmed by its electrical stimulation from the brain stem to the 
IAC. In case the nerve is interrupted, it could be reconstructed at the same 
operation [9]: directly end-to-end (which is rarely possible) or with a sural 
nerve graft attached with fi brin glue. If only the proximal nerve stump is 
available, the intracranial-intratemporal technique is recommended. In case 
the facial nerve is preserved anatomically but responds very poorly to elec-
trostimulation, a “bypass” end-to-side anastomosis with sural nerve graft 
could be performed [10].

The opened IAC is occluded by placing pieces fat tissue fi xed with fi brin 
glue over the drilled region (Fig. 5). The dura is closed watertight and the 
opened mastoid air cells are also occluded. Then, the posterior skull base is 
reconstructed with methyl methacrylate. With this cranioplasty technique 

Fig. 4. Intraoperative view of the CPA after complete tumor removal. The 7th and 8th 
cranial nerves (*) have been preserved
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better cosmetic result is achieved and the formation of pseudomeningocele or 
adhesions between the dura and neck muscles is prevented.

The recurrence rates after complete tumor removal in the largest series 
vary from 0.5 to 5% [1, 3, 10, 12]. Tumor size is the main predictive factor for 
the outcome. Therefore, follow-up MRI examinations at 1 year interval are 
required in order to detect early any possible recurrent tumor.

The personal experience of the author confi rmed the existence of an op-
erative learning curve. It is related initially to avoiding mortalities and reduc-
ing morbidity, and later – to increasing the rates of preservation of facial nerve 
function and hearing. Thus, in the last 2500 cases there were no mortalities; in 
the last 500 cases the rate of facial nerve preservation was 98% and in tumors, 
corresponding to grades T1–T3 of the Hannover classifi cation (less than 3 cm) 
was 100%. At the last follow-up examination 81% of the patients had excel-
lent or good facial nerve function and there were no patients with total facial 
palsy. Hearing preservation is strongly dependent on the level of preoperative 
hearing and the auditory brain stem response, and to a lesser extent on tumor 
size. If functional hearing was available preoperatively, the anatomical integ-
rity of the cochlear nerve was preserved in 84% and the overall rate of hearing 
preservation after surgery was 51% [10].

Fig. 5. The IAC is occluded with multiple small fat pieces (F) sealed with fi brin glue
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BILATERAL VESTIBULAR SCHWANNOMAS

Bilateral VS are characteristic for Neurofi bromatosis Type 2 (NFII), a rela-
tively rare autosomal dominant inherited disease. In patients with NFII a 
lifelong tendency to formation of new central nervous system tumors  exists. 
Therefore, these patients cannot be cured and treatment is focused on life 
prolongation, maintenance of quality of life, preservation of cranial nerve 
function or auditory rehabilitation. Over a period of 4 decades the author 
has operated more than 170 patients with bilateral VS. The goal always has 
been complete tumor removal, as in case of unilateral VS, and has been 
achieved in 85% of the operated tumors. Deliberate subtotal resections have 
been performed in 15%: for brain stem decompression, for hearing preser-
vation in the last hearing ear, or for facial nerve functional preservation. 
Facial nerve preservation was possible in 89% of the surgeries. In the rest 
the tumor (or tumors) originated from the facial nerve or no cleavage plane 
between the cranial nerves and the tumor could be found.

Some surgeons propose a more conservative approach in order to preserve 
hearing-follow up of the patient and subtotal intracapsular resection if the VS 
enlarges. Our treatment philosophy is based on the assumption that surgical 
removal of VS can preserve hearing. Therefore, if the chances of functional 
hearing preservation are realistic, our recommendation is for early surgery. 
Tumor extension, audiometry data, and auditory brainstem responses (ABR) 
determine which side should be operated initially. The side with best chances 
for hearing preservation is treated fi rst. The main predictors of successful 
hearing preservation are tumor extension, preoperative hearing level and 
quality of ABR. We recommend initial treatment on the side with the smaller 
tumor or the side with better hearing level. If the hearing and the tumor size 
are similar on both sides, our decision is based on the preoperative ABR. 
Thus, we achieved bilateral hearing preservation in 23% of the patients. Pre-
served unilateral hearing after surgery had 65% of the patients with useful 
preoperative hearing level. For VS on the only hearing side we perform IAC 
decompression and complete or partial tumor removal, depending on the in-
traoperative ABR. If slight microsurgical actions are followed by severe dete-
rioration in ABR, only partial resection is performed.

In some patients with NFII bilateral deafness is inevitable. The recent in-
troduction of auditory brainstem implants that are designed to stimulate di-
rectly the second-order neurons might provide a solution in the near future.

HOW TO AVOID COMPLICATIONS

1. PATIENT POSITIONING

Preoperative functional X-rays of the cervical spine can help identify those 
patients that are at risk of complications due to positioning of the head. Its 
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fl exion should be less in those with degenerative spine disease. The feedback 
information provided by the monitoring of the somatosensory evoked po-
tentials guarantees its safety.

2. INJURY TO VENOUS SINUSES AND VEINS

The burr hole should be positioned away from the sinuses, usually 2–2.5 cm 
below the superior nuchal line, two-thirds behind and one-third in front of 
the occipitomastoid suture. Excessive traction to the mastoid emissary vein 
could lead to sinus laceration and venous air embolism. In order to avoid 
that, the vein should be skeletonized with the diamond drill from its bony 
encasement, then coagulated and cut. The petrosal vein (or veins) should be 
preserved whenever possible, because its occlusion may cause hemorrhagic 
edema of the cerebellum and the brain stem.

3. INTRACRANIAL BLEEDING

Since coagulation in the vicinity of the cranial nerves should be avoided, the 
achievement of hemostasis after tumor removal might be diffi cult. Tamponade 
with oxidized cellulose or gel sponges for several minutes might be benefi -
cial. If bipolar coagulation is necessary, it should be performed at very low 
power. After tumor removal jugular venous compression is performed to 
make any opened or torn veins visible. It is applied twice: initially the CPA 
is inspected while the retractor is still in place. Then, the retractor is re-
moved, the cerebellum reexpands, and the jugular veins are compressed 
again. The presence of any torn and bleeding supracerebellar bridging veins 
are thus detected.

4. CSF LEAK

The occlusion of the opened IAC is more reliable if several pieces of fat tissue 
are applied and fi xed with fi brin glue over the drilled region. Similarly, the 
risk of CSF is less if the opened mastoid air cells are occluded with pieces of 
fat tissue sealed with fi brin glue. Bone wax has to be avoided, except for he-
mostasis if there is signifi cant bleeding from the bone edges. The dura should 
be sutured watertight. It might be even necessary to fi x a piece of fat to the 
sutured dura.

5. POSTOPERATIVE HEADACHE

The occurrence of postoperative headache might be a sequence of: adhesion 
of the dura to nuchal muscles or to subcutaneous tissues; dural tension in 
the case of direct dural closure; use of fi brin glue, and/or intradural drilling. 
The methyl methacrylat craniotoplasty signifi cantly decreases the risk of 
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this complication. The reason for the suboccipital headache might be the 
formation of scar tissue around the occipital nerves or of a posttraumatic 
scar neuroma. In such cases careful examination of the area around the 
 operative incision usually reveals a small point, whose palpation triggers 
identical suboccipital pain. Infi ltration with local anesthesia in this area 
usually ameliorates the symptoms. If the pain is lasting and resistant to 
medications, operative excision of the scar and/or the neuroma through a 
limited skin incision could be performed and leads to immediate ameliora-
tion of the pain.

CONCLUSIONS

Nowadays several treatment options exist for managing patients with VS: 
radiosurgery; surgical removal via the middle fossa, translabyrinthine, or ret-
rosigmoid approaches; or staged therapy. The optimal treatment – according 
to our experience – is their complete removal at one stage with preservation 
of neurological functions and of quality of life. If at least some hearing is 
available preoperatively an attempt should be made to preserve both the facial 
nerve and the cochlear nerve in every case, whatever the tumor’s size. This 
can be safely and successfully achieved via the retrosigmoid suboccipital ap-
proach. Best outcome is achieved in highly specialised medical centers in 
which several VS are operated weekly by a single neurosurgeon.
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BRAINSTEM TUMORS
A. BRICOLO

INTRODUCTION

The stem of the brain, which comprises the mesencephalon, pons and medulla, is 
contained almost entirely in the posterior fossa where it lies protected by the cli-
vus and the petrous pyramids shielded by cranial nerves and arteries and  covered 
by the cerebellum (Fig. 1). This small part of the encephalon presents a highly 
complex neural structure both anatomically and functionally. It is crowded with 
cranial nerve nuclei and numerous fascicles and pathways as well as reticular for-
mation – all playing important roles in securing normal central nervous function 
and regulation of bodily homeostasis [1]. Infants born without cerebral hemi-
spheres yet with intact brainstem (anencephalic) as well as adults with exten-
sive damage of the forebrain (vegetative state) can survive and exhibit complex 
behavioral and visceral regulation, clearly demonstrating the essential vital and 
vigilance mechanisms contained within the brainstem [19]. The brainstem has 3 
general functions: fi rst, it receives sensory information from cranial structures, 
and controls all the muscles governed by the cranial nerves – a function similar to 
that of the spinal cord; second, it contains neuro-circuits that transmit informa-
tion from the spinal cord to the brain and back; and third, the integrated action 
of the medulla, pons, and midbrain regulate the level of arousal through the 
activity of the reticular formation which lies in the core of the brainstem. In 
addition, the medulla and pons participate in blood pressure and respiratory 
regulatory mechanisms. Severe damage to the brainstem is indeed devastating 
and almost always life threatening [2, 5].

Because of its diffi cult access and functional importance, in the past, the 
brainstem was seldom explored by neurosurgeons, with its injury often con-
ducive to deep coma, decerebrate rigidity, cardio-respiratory failure, and other 
severe complications. For many years, a tumor growing inside the brainstem 
was considered malignant in itself and managed empirically as a homogene-
ous group with radiation therapy as well as adjunctive chemotherapy [17]. 
The neurological course generally progresses and after a relatively short 
 remission the patient rarely survives more than one or two years after the 
primary diagnosis. Only in the last two decades, a series of favorable concom-
itant factors including advances in neuroimaging, microsurgical techniques 
and intraoperative electrophysiologic monitoring and mapping have materi-
ally changed this pessimistic attitude, making the brainstem and its pathology 
more accessible for direct surgery [2, 4, 10].

Keywords: brainstem, tumors, microsurgery, neuro-oncology



350

A. BRICOLO

RATIONALE

For diagnosis and classifi cation, the contribution of magnetic resonance 
imaging (MRI) was immeasurable because of the fundamental fi nding that 
not all the tumors in the brainstem are diffuse. Since its appearance, MRI 
has become the primary diagnostic modality for brainstem gliomas and 
for now is the unique examination that gives us the possibility of identi-
fying whether a tumor has clear edges between it and normal tissue, and 
furthermore, understanding its growth pattern. Right from the fi rst glance, 
it is possible to distinguish “diffuse” tumors, which do not present surgi-
cal indication, from all others, which are potentially surgically treatable. 
At present there is a general consensus to classify the brainstem gliomas 
into four subgroups on the basis of MRI, namely, diffuse, focal, dorsally 
exophytic and cervico-medullary (Fig. 2A). These subgroups, which refl ect 
different growth patterns, not only assist the surgeon to identify tumor in-
vasiveness but also aid in selecting those amenable for surgical treatment 
and determination of prognosis.

1. Diffuse tumors. In the end everyone agrees in considering these tu-
mors as “malignant” glioma, which have a poor prognosis. In MRI they 
present as an enlargement, and sometimes deformation, of the brainstem at 
the pons without the chance of seeing any clear edges of the tumor. These 
tumors are characterized by a low or an isointense signal on T1-weighted 
images and an increased signal on T2-weighted images. The majority of 
them is centered in the pons and can extend up to the midbrain and/or 
down to the medulla. Not rarely during their growth do they engulf the 
basilar artery and at times they can show areas with contrast enhancement 

A B

Fig. 1. Midline sagittal view of the brainstem in a cadaver (A, courtesy of Dr. A. Rhoton) 
and a comparable MR image of a live subject (B) that very clearly capture the brainstem.  
Only after the advent of MRI did the diagnosis of brainstem lesions become more precise 
and easier
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internally, which is a sign of malignant veering. One must remember, as 
stressed by Konovalov [15], that at the early stage of its growth even the 
classic diffuse glioma can present as a focal tumor. Unfortunately the diffuse 
group constitutes the majority of brainstem gliomas (more than 50%) and 
their therapy remains limited to radiation and/or chemotherapy. Surgery 
has no role in these cases and there is a general consensus that even a biopsy 
is no longer necessary.

2. Focal tumors. These tumors (Fig. 3) are those that are seen on 
MRI with great clarity and a good demarcation from the surround-
ing tissue and that can arise in the midbrain, pons or medulla and that 
remain intrinsic in the brainstem. These lesions appear isodense or with 
a slightly lower signal on T1-weighted MRI, while the signal results as 
well increased in T2-weighted images. The contrast enhancement in 
these focal tumors, most of which are benign, is variable. A strong en-
hancement is typical of a pilocytic astrocytoma, but there can also be 
astrocytomas with a low or no enhancement. A number of these tumors 

A B

Fig. 2. A Subgrouping of brainstem gliomas based on MRI patterns: (1) diffuse, (2) focal, 
(3) dorsally exophytic, (4) cervico-medullary. B A sketch pattern of brainstem gliomas in 
the author’s series: (a) mesencephalic tectal, and (b) tegmental, (c) pontine focal, (d) dorsal 
exophytic, and (e) diffuse, (f) medullary focal, and (g) cervico-medullary (Modifi ed from 7)
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have intrinsic or satellite cysts. A small minority of focal intrinsic tu-
mors is malignant and encompasses glioblastoma, anaplastic astrocytoma, 
metastasis, etc.

3. Exophytic tumors. Harold Hoffmann [13] was the fi rst to describe this 
subgroup of tumors, which he named “dorsally exophytic”: they arise from 
subependymal tissue of the IVth ventricle fl oor and grow expanding into the 
IVth ventricle chamber (Fig. 4). More frequently these tumors are juvenile 
pilocytic astrocytomas or gangliogliomas; they are usually benign and well 
delineated and may be successfully and safely excised. In our experience a 
minority of exophytic tumors can protrude also from the lateral and ventral 
surfaces of the brainstem into the cerebello-pontine, pre-pontine and other 
cisterns. A number of patients harboring this kind of tumor may present with 
associate hydrocephalus due to the IVth ventricle obstruction made by the 
tumor mass. In this case, when possible, we prefer to go directly to the re-
moval of the tumor avoiding, in many cases, prior shunting procedures and/
or endoscopic 3rd-ventricolosomy.

A

B

Fig. 3. Preoperative (A) and postoperative (B) contrast enhanced sagittal, coronal and ax-
ial MR images revealing a giant intra-axial intramedullary pilocytic astrocytoma totally re-
moved (from ref. 7). The arrows indicate how the tumor is growing towards the brainstem 
surface facilitating its exposure. In fact the tumor was completely removed through a low 
mini retrosigmoid approach and a short lateral longitudinal myelotomy in the medulla just 
below the exit of the lower cranial nerves. B MR images obtained 5 years after surgery 
show no tumor regrowth and a return to a normal physiological anatomy of the medulla. 
The 3-year-old child presented with facial and hypoglossus initial palsies, right hemiparesis, 
ataxia, dysphagia and dysphonia. All the neurological defi cits resolved in a few months after 
surgery and the child is now living a normal life
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4. Cervicomedullary tumors. One must clarify that not all tumors 
 developing at the highest cervical level also involve the low brainstem. Con-
sequently, the subgroups of tumors, called cervicomedullary  encompass only 
those gliomas which in their development  involve both the medulla and the 
high cervical spine (Fig. 5). Some of these may protrude at the lowest part of 
the IVth ventricle at the obex and in the cisterna magna [12]. Cervicomedullary 

Fig. 4. 4-year-old child presented with headache, vomiting, ataxia and diplopia. The 
preoperative contrast enhanced MR images (A) revealed a IV ventricle tumor which was 
completely removed (B) using a midline suboccipital craniotomy. The tumor resulted as a 
dorsally exophytic pilocytic astrocytoma originating from the right IVth ventricle fl oor (C). 
The complete exeresis was facilitated by the ultrasonic aspirator and at the end the IV ven-
tricle was empty and clean, and the aqueduct opened. The preoperative symptoms reduced 
over time until fi nally disappearing completely
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tumors are usually  low-grade  astrocytomas, gangliogliomas and ependymo-
mas; they are all  well-delineated and benign tumors which can be removed 
with  low risk, provided that all the appropriate microsurgical maneuvers are 
adopted.

Fig. 5. 44-year-old undergraduate of engineering presented with increasing dysphagia 
and dysarthria associated with paresthesia in the lower limbs and left arm with the sensa-
tion it was moving upwards. Preoperative MRI (A) show a non-enhanced intra-axial cervi-
comedullary tumor which was completely removed (B) through a midline suboccipital-C2 
opening. Intraoperative mapping and monitoring of the IX and X cranial nerves as well as 
the motor and somatosensory potential of the four limbs suggested entering below the 
calamus scriptorius maintaining the longitudinal myelotomy below the obex (C). The tumor 
was exposed, debulked with an ultrasonic aspirator and then easily removed. The postop-
erative course was uneventful and the patient left the hospital with an added modest mo-
tor defi cit in the extremities of the left hand. At the fi rst follow-up – meantime the patient 
graduated – he was neurologically intact

A

B

C
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DECISION-MAKING

1. PATIENT SELECTION AND INDICATION FOR SURGERY

Criteria for selecting patients harboring brainstem gliomas for surgical treat-
ment varies considerably among neurosurgeons and depends even more on 
personal experience. Therefore, nowadays the management is still a matter of 
debate with controversies in the indication for surgery. The risk tied to direct 
removal is considered high in terms of severe neurological complications that 
may follow surgery compared to that of the patient treated with non-inva-
sive methods. Yet the author’s large personal experience of direct surgery in 
brainstem gliomas treated with extensive and/or radical excision may indicate 
some feasible guidelines and help in choosing patients for surgery. Table 1 
summarizes the relevant data of the personal caseload.

Figure 2B reports schematically the sites and patterns of brainstem glio-
mas found in our series. In the midbrain, both tectal and tegmental are al-
most always focal, benign and resectable. In the pons, there are 3 types of 
tumors: the focal are uncommon and only few are benign, whereas almost 
all those dorsally-exophytic are low-grade astrocytomas. Diffuse gliomas, 
typically centered in the pons, are malignant. Focal medullary and cer-
vicomedullary tumors are mainly benign and resectable, although in the 
lower brainstem some anaplastic astrocytomas with a diffuse growth pat-
tern may also be encountered. In our series, the majority (86%) of gliomas 
with a focal growth pattern on MRI are benign, whereas almost all diffuse 
(93%) are malignant. Also the location of the tumor within the brainstem 
appears to be an important factor. The extent of removal signifi cantly re-
lates to growth pattern and pathology: gross-total removal is achieved in 
80% of focal low-grade astrocytomas, while it is less than 3% in malignant 
gliomas with the large majority demonstrating diffuse MRI patterns. The 
overall results are satisfactory considering the pathology being dealt with 
(Table 1).

This experience strongly confi rms that brainstem gliomas no longer rep-
resent a homogeneous group amenable only to non-specifi c treatment. In-
stead, they differ in their MRI and histopathological patterns and, therefore, 
it is essential that they be regarded as distinct entities with their growth being 
infi ltrative only in the group of diffuse tumors. A focal tumor is an expand-
ing mass that frequently dislocates neighboring nervous structures without 
invading them and tends to move toward the surface of the brainstem, which 
makes tumor exposure and removal less risky (Fig. 3).

The fact that the majority of focal brainstem gliomas result as benign 
and resectable with good outcome suggests that they do not directly invade 
the nearby nuclear and fascicular structure, but rather they displace them. 
Together with other neurosurgeons [3, 6, 11, 14, 15], I believe that direct sur-
gery should be advocated for all focal tumors, also because nowadays with 
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the advancement in skull base approaches to the posterior fossa there is no 
surface of the brainstem that cannot be exposed. In my opinion, also a subset 
of diffuse brainstem gliomas, namely, those protruding into the cerebellopon-
tine angle or bulging at the external aspect in a relatively silent area, may be 
surgically debulked and then submitted to radiotherapy and chemotherapy 
with a more favorable clinical course.

2. GENERAL PRINCIPLES OF BRAINSTEM SURGERY

The operative approach must be selected to optimize the exposure of the area 
of the brainstem surface through which we have chosen to enter because it is 
less risky and therefore safer. The choice of entry and the pathway inside the 
brainstem to reach the lesion is the most diffi cult mental process, which is at 
the total discretion of the surgeon. These two things, entry and pathway, are 
often neither the most direct nor the shortest nor the easiest. In this setting it 
is absolutely necessary to have a deep knowledge not only of the topographic 
microsurgical anatomy but also of the functions the nervous structures in 
which the lesion lies. 

Table 1. Relevant data of the author’s series of surgically treated brainstem  gliomasa

 No. (%) of patients 

 Total With focal tumorsb With diffuse tumors

MRI patterns 310 243 (48) 67 (21)

Location
 Midbrain   86 (29)   81 (33)   5 (8)
 Pons 135 (43)   82 (34) 53 (79)
 Cervicomedullary   89 (28)   80 (33)   9 (13)

Pathology
 Low grade 213 (69) 208 (86)   5 (7)
 High grade   97 (31)   35 (14) 62 (93)

Removal
 Gross total 195 (63) 192 (79)   3 (4)
 Subtotal/partial 115 (37)   51 (21) 64 (96)

Outcomec

 Good 188 (61) 186 (77)   2 (3)
 Fair   39 (12)   36 (15)   3 (4)
 Death   83 (27)   21 (8) 62 (93)
a Modifi ed and summarized from ref. 9
b Data include those for exophytic and cervico-medullary tumors, in addition to those for 
focal tumors
c Mean follow-up of 8.2 years
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2.1  Anatomo-functional basis of microsurgical procedures 
for  intra-axial brainstem tumors

Tumors with no surface components – the pure intrinsic tumor – require a 
deep understanding of the involved regional anatomy and functions. With a 
clear mental image of the internal architecture of the brainstem and the pos-
sible defi cits which may be incurred by its surgical injury, one chooses safer 
entry zones, avoiding those more dangerous, and keeps in mind that the most 
convenient route for the patient is not always the shortest or the easiest.

The fl oor of the IVth ventricle, through which a number of tumors 
are reached, may be compared to a minefi eld requiring a great understand-
ing of the underlying structures and thus constitutes a good model for rea-
soning. In Fig. 6, the anatomical landmarks of the fl oor of the IVth ventricle 
and the most dangerous areas for injury are summarized and reported along 
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Fig. 6. A Photograph (courtesy of Dr. A. Rhoton) of the fourth ventricle fl oor – known as 
the rhomboid fossa – in a cadaveric brainstem clearly showing the most important anatomi-
cal landmarks that allow orientation for the surgeon when choosing the surgical strategy: 
the median sulcus, the sulcus  limitans, facial colliculus, area acustica, lateral recess, striae 
medullares, trigonum hypoglossi, vagus nucleus, ala cinerea, obex and posterior median 
sulcus. The sulcus limitans is a very important groove because it represents the line of sepa-
ration between the sensory areas laterally and the motor areas medially. B The risky areas 
for entering the dorsal brainstem are listed together with the neurological consequences. 
A = visual and oculomotor disturbances due to superior colliculi damage; B = auditory dis-
turbances due to inferior colliculus damage; C = disturbances as in both A and B together; 
D = internuclear ophthalmoplegia due to lesion of medial longitudinal fascicles; E = facial and 
 abducens palsy and internuclear ophthalmoplegia due to the damage to the  facial colliculus; 
F = immobile eyes and bilateral facial and abducens palsy due to the damage of both facial 
colliculi; G = facial palsy due to facial nerve damage; H = dysphagia due to hypoglossi nucle-
us damage; I = dysphagia and cardiorespiratory disturbances due to the bilateral damage of 
the calamus scriptorius; L = ataxia due to somatosensory tract damage. C The relatively safe 
entry zones to dorsal brainstem are listed. A = supracollicular; B = infra collicular; C = lateral 
mesencephalic sulcus; D = median sulcus; E = suprafacial; F = infrafacial; G = area acustica; 
H = posterior median fi ssure; I = posterior intermediate sulcus; J = posterior lateral sulcus
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with suggested alternative safer entry areas. The most important thing to 
keep in mind always is that all nuclei with motor function lie in the more 
medial columns, whereas those receiving afferent fi bers are arranged more 
laterally [5].

Fig. 7. A Mapping of the fl oor of the fourth ventricle to identify the motor nuclei or in-
tramedullary roots of motor cranial nerves VII, IX/X, XI and XII. A direct electrical stimulation 
through a hand-held monopolar probe is used to deliver single stimuli of 0.2 ms duration 
at a rate of 1–2 Hz and intensity up to 1.5–2 mA. B The recordings after direct stimulation of 
the brainstem are from Tefl on-coated wire electrodes inserted pre-operatively and bilater-
ally into the superior rectus muscle for cranial nerve VII, the posterior wall of the pharynx 
for cranial nerves IX/X, and tongue muscles for the XII cranial nerve. During midbrain surgery, 
electrodes can also be placed in extraocular muscles (superior rectus for the III, and rectus 
lateralis for the VI cranial nerve) for mapping purposes (not shown). C Continuous monitor-
ing of corticospinal and corticobulbar tracts obtained by transcranial electrical stimulation 
is performed using a short train of 4 stimuli (0.5 ms duration, intensity up to 100 mA, train 
repetition rate 1–2 Hz). D Corticobulbar muscle motor evoked potentials are recorded from 
the same electrodes used to record compound muscle action potentials after brainstem 
mapping and are of longer latency and smaller amplitude when compared to the response 
after direct mapping. E Corticospinal motor potentials are elicited through multipulse 
transcranial electrical stimulation and recorded from limb muscles and the corticospinal 
epidural potentials (D-wave) are elicited through single pulse and recorded epidurally 
(or subdurally) from the spinal cord.The intraoperative monitoring may be completed 
by brainstem auditory evoked responses (BAERs) and somatosensory evoked potentials 
(SEPs)
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2.2  Intraoperative neurophysiological monitoring during 
brainstem surgery

During the last decade intraoperative neurophysiology has established itself 
as one of the paths by which modern neurosurgery can improve surgical re-
sults while minimizing morbidity [18, 20]. It consists of monitoring (the con-
tinuous “on-line” assessment of the functional integrity of neural pathways) 
and mapping (the functional identifi cation and preservation of anatomically 
ambiguous nervous tissue) techniques. Mapping techniques can be used to 
identify – and therefore preserve- cranial nerve motor nuclei and corticospi-
nal or corticobulbar pathways while entering the brainstem. Similarly, moni-
toring of motor evoked potentials can continuously assess the functional 
integrity of these pathways during surgery (Fig. 7).

Mapping of the corticospinal tract at the level of the cerebral peduncle as 
well as mapping of the VII, IX–X and XII cranial nerve motor nuclei on the 
fl oor of the fourth ventricle is of great value to identify “safe entry zones” 
into the brainstem (Fig. 6). Mapping techniques allow recognizing functional 
anatomical landmarks such as the facial colliculus or the hypoglosseal and 
glossopharyngeal triangles on the fl oor of the fourth ventricle, even when 
anatomy is completely distorted by a tumor. However, brainstem mapping 
cannot detect injury to the supranuclear tracts originating in the motor cortex 
and ending on the cranial nerve motor nuclei.

Transcranial monitoring of motor evoked potentials is also currently 
used during brainstem surgery in order to assess the functional integrity of 
motor corticobulbar and corticospinal pathways. Recently, current concepts 
of muscle motor evoked potential monitoring during spinal cord surgery 
have been extended to the monitoring of motor cranial nerves. So-called 
“corticobulbar” motor evoked potentials can be used to monitor the func-
tional integrity of corticobulbar pathways from the cortex through the cranial 
motor nuclei and to the muscle innervated by cranial nerves. Methodological 
aspects have appeared in the literature only recently and mostly with regards 
to the VII cranial nerve monitoring. Nevertheless, this technique has not yet 
been standardized and some limitations still exist [8].

In particular, with regards to the preservation of the swallowing and 
coughing refl exes, available intraoperative techniques are not always able 
to provide reliable prognostic data since only the efferent arc of the refl ex 
can be tested. In our experience, the complete disappearance of a corticobu-
lbar motor evoked potentials correlate with a severe, mostly irreversible, 
post-operative defi cit. Conversely, when the corticobulbar motor evoked 
potentials are unchanged at the end of surgery, this may not prevent a 
transient defi cit, but virtually all patients at the follow-up have recovered 
to their pre-operative status. One must remember that to have good intra-
operative monitoring, the surgeon needs to collaborate with a ready and 
willing anesthetist. A special general anesthesia is required using Propofol 
100–150 mg/kg/min and Fentanyl 1mg/kg/h. No Propofol or Fentanyl can be 
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used in bolu, and after  intubation, halogenated agents or muscle relaxants are 
abandoned.

SURGERY

1. SURGICAL TECHNIQUES AND APPROACHES

The best approach to brainstem tumors is that which allows exposure of the 
tumor with the least risk of injury to surrounding structures: in essence, the 
problem is how to reach the mass and remove it without adding new neuro-
logical defi cits to the already existing ones. The brainstem, although a com-
pact and delicate whole, is composed of highly critical places where damage 
may result in major neurological failure, whereas there are other places in 
which functional disruption is better tolerated, and knowing the position of 
these areas may assist in selecting a safe surgical entry (Fig. 6).

These two things, entry and pathway, are often neither the most  direct nor 
the shortest nor the easiest. In this setting it is absolutely necessary to have a 
deep knowledge not only of the topographic microsurgical anatomy but also of 
the functions of the nervous structures in which the lesion lies.

All patients treated for brainstem tumor through the posterior fossa are 
operated on in a semi-sitting position (Fig. 8). This position has demonstrated 
to be advantageous for the patient, surgeon and the anesthetist and, despite 
controversy, there has not yet been convincing evidence to prove that this 
position should be abandoned due to risks involved. The choice of approach 
and the path to follow for direct surgical removal of brainstem lesions must 
be based on neuro-anatomical and functional data, the tumor location and 
the expansion and the patient’s neurological condition. The rationale behind 
the crucial preoperative choice of surgical strategy must take into account the 
functional ranking of the structures which confront us and of the  consequence 
of a possible surgical injury to a tract, nucleus, nerve, artery or vein in the in-
dividual patient.

The excellent multiplanar capabilities of MRI permit accurate localization 
of the tumor and its relationship to brainstem structures, and consequently 

Fig. 8. Intrinsic focal partially cystic pilocytic astrocytoma at the medulla in a 45-year-
old woman presenting with worsening left hemiparesis with bilateral Babinski sign, ataxia 
and initial dysphagia. A and B Pre- and post-operative sagittal, coronal and axial MR im-
ages demonstrating total removal of the tumor. C Standard semi-sitting position of the 
patient and the surgeon sitting in a chair with all the commands at his feet for the control 
of the functions of ceiling microscope, cameras and ultrasonic aspirators. The foot com-
mands control even the surgeon’s own chair. D Intraoperative microphotographs showing 
the exposure obtained by a dorsal lateral approach, the tumor itself exposed and the lateral 
surface of the medulla area after complete removal of the lesion; lower cranial nerves and 
vascularization are preserved. The patient had an uneventful post-operative course and was 
discharged one week after surgery while showing neurological improvement
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provide valuable information in selecting the most advantageous route that 
allows exposure of the target area. One must keep in mind that the brainstem 
is a small structure approximately 6 cm high and 3.5 cm wide at the pons, the 

A

B

C

D
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tumor we try to remove is therefore much smaller and the required opening 
into the brainstem even smaller. The surgical microscope often used at its 
highest magnifi cation, fi xed microretractors, ultrasonic aspirators and a few 
tiny instruments are the standard tools for this type of surgery.

Once reached, the glial tumor is gently explored with blunt microdissec-
tors in order to obtain an initial understanding of the tumor relationship with 
the surrounding structures and specimens of it are removed for immediate 
histological examination. The pathological information helps the surgeon in 
choosing his strategy accordingly and evaluates the possibility to obtain a 
complete removal mainly in benign tumor. The extent of tumor removal may 
change the outcome of the patient and so a gross-total removal represents the 
ideal goal for a benign focal astrocytoma because it results in a defi nite cure 
for the patient with no need of adjuvant therapy. However, of course, one 
must avoid obtaining total removal at all costs if in doing so, severe neuro-
logical defi cits may be predicted. The tumor is removed in a piecemeal man-
ner, depending on its consistency, cut with microscissors or reduced with 
ultrasonic aspiration, always remaining inside the tumor and never yielding 
to the temptation to attempt to remove, from the start, the tumor en bloc. 
Manipulating the tumor right from the start, if it is solid, in search of an 
eventual cleavage must be done with the utmost delicacy because otherwise it 
can induce retraction of healthy tissue, which in turn may result traumatic to 
the delicate and richly microvascularized structures involved, and conducive 
to “unexpected” postoperative defi cits. Ultrasonic aspiration must be used 
with the utmost care at the lowest effective intensity and suction rate with a 
suffi ciently small and fi nely balanced handpiece (Figs. 4 and 5). The instru-
ment must be used in an angled direction so that its destructive action is con-
stantly aimed inside the tumor mass to avoid injury to surrounding healthy 
structures. Tumor debulking must remain rigorously confi ned to inside the 
tumor and stopped whenever boundary with normal tissue becomes poorly 
defi ned. Only when the tumor is emptied, one may start to look for the cleav-
age plane: if this is clear, radical removal may be obtained without injuring the 
surrounding structures. What makes total removal diffi cult and, in fact not 
recommended, is primarily the lack of tumor demarcation; indeed and above 
all, when such a pattern is associated with a location near critical structures, 
no further removal should be attempted. I recognize that disregard of these 
principles may have contributed to the avoidable increase of postoperative 
morbidity in our series [9].

1.1 Midbrain

The midbrain, which occupies the notch of the tentorium, consists of a dorsal 
part, the corpora quadrigemina (or tectum), a large ventral portion, the teg-
mentum and the cerebral peduncles. Almost all midbrain gliomas are focal 
benign astrocytomas developing from either the tectal plate or tegmentum 
and may extend upward to the thalamus or rarely downward to the pons, 
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displacing but not infi ltrating these structures. The planned goal of surgery in 
this setting should be the complete removal of the tumor, which will result in 
permanent cure of the patient [7, 16].

A large amount of neural structures of great functional importance are 
concentrated in the midbrain: superior colliculus, nuclei of the III and IV cra-
nial nerves, medial longitudinal fascicles, red nucleus,  medial geniculate body 
and pyramidal tract. The surgeon should therefore deal with an approach that 
is the most direct one to the tumor.

A

B

C

Fig. 9. 20-year-old man presenting with oculomotor disturbances, headache, ataxia and 
papilledema. The tectal benign astrocytoma shown on MR images (A) was radically removed 
(B) via an infratentorial supracerebellar approach. The intraoperative views (C) show the 
swollen quadrigeminal plate bulging ventrally to the cerebellum with its central vein, which 
was sacrifi ced. By entering below the plate, the dorsal aspect of the tumor is exposed, 
freed a little at a time, and then completely removed with consequent resolution of the 
hydrocephalus. The patient had a favorable course with disappearance of the neurological 
disturbances
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Tumors in the tectal area of the quadrigeminal plate are approached 
through a standard infratentorial supracerebellar approach, possibly with the 
patient in a semi-sitting position, which allows better exposure (Fig. 9). The 
same approach is even used on lower median tumors in the quadrigeminal 
region when an infracollicular entry is chosen. In this case it is not necessary 
to section the anterior vermis because with a meticulous opening of the cer-
ebellomesencephalic fi ssure and a retractor resting on the vermis, exposure as 
far down as the inferior colliculi and the exit zone of the trochlear nerve may 
be obtained. The same infratentorial supracerebellar approach may result as 
successful even in the removal of lesions more ventrally placed in the tegmen-
tum and peduncles [9]. If we extend the dura opening more laterally close to 
the lateral and sigmoid  sinus on the side of the chosen pathways, a careful 
dissection of the arachnoid membranes allows a wide opening of the cerebel-
lomesencephalic fi ssure. A retractor is then placed in  order to slightly weigh 
down the anterior part of the tentorial surface of the cerebellum and, with 
this done, a full exposure of the lateral aspect of the midbrain is obtained. 
Here it is easy to identify the lateral mesencephalic vein, which courses into 
the lateral mesencephalic sulcus. The entry is posterior to this sulcus in order 
to avoid injury to the pyramidal tract in the peduncle [9].

Tumor of the midbrain located near its median ventral surface may be ac-
cessed through a pterional transsylvian route. Following a wide  opening of 
the Sylvian fi ssure, the tentorial edge, III cranial nerve and interpe duncular 
cisterns are exposed. The anatomical  landmark of the target area is the emer-
gence of the III cranial nerve from the mesencephalon and the safe entry 
zone is the small  rectangular area lateral to the exit of the III cranial nerve. 
This narrow but fairly safe window allows surgical access through the more 
 medial part of the peduncle, sparing the motor tract, which occupies only the 
intermediate three-fi fths or so of the peduncle [5]. Mesencephalo-thalamic 
tumor can be reached through a pterional approach via the anatomic poste-
rior transsylvian corridor (Fig. 10).

Tumors involving the arterolateral aspect of the midbrain can be reached 
through a subtemporal transtentorial approach. The tentorial incisure is di-
vided posteriorally to the entry of the IVth cranial nerve, allowing larger 
exposure of the anterolateral midbrain and upper pons. This seemingly at-
tractive route, at least in my experience, is associated with some risk because 
sometimes it requires a risky  temporal lobe retraction and thus a possible 
injury to the vein of Labbè.

1.2 Pons

Tumors which involve one side of the ventral pons and fungate into the area 
of the cerebellopontine angle are reached with a standard retrosigmoid ap-
proach through a lateral suboccipital retromastoid craniotomy as used in 
acoustic neuroma surgery. This applies also to some pontine centered diffuse 
gliomas that originate in the ventrolateral side of the pons and tend to grow 
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laterally  bulging on the cerebellopontine angle. With the patient in a semi-
sitting position with the head rotated toward the side of the expansion, the 
bulging pons is entered through the fi ssure between the stretched V and the 
VII–VIII cranial nerves and the diffuse tumor is then debulked [5].

The uncommon focal pontine tumor ventrolaterally placed requires a com-
bined petrosal approach to create a subtemporal, transtentorial presigmoid 
avenue with the main advantage being the shorter distance and the direct line 
of light to the anterolateral brainstem.

A

B

C

Fig. 10. 15-year-old female presenting with motor defi cits in the right upper limb with 
worsening hand dystonia; even the leg on the same side showed vague, but similar symp-
toms. Pre- (A) and post-operative (B) gadolinium enhanced MR images show a focal mesen-
cephalo-thalamic tumor that was totally removed through a pterional transsylvian approach 
(C). The patient showed a progressive improvement. She writes well despite a persistent 
slight dystonia of the hand
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For tumors located in the dorsal part of the pons (and the open portion 
of the medulla), access is by a midline suboccipital craniotomy and trans-
IVth-ventricle route. With the patient in a semi-sitting position with the 
head fairly fl exed, a wide exposure of the rhomboid fossa may be obtained 
through the cerebello-medullary fi ssure without sacrifi cing the vermis. Ad-
verse effects of splitting the vermis may be body truncal ataxia, a wobbling 
gait, oculomotor disturbances and mutism.

By elevating and splitting the cerebellar tonsils and displacing the  PICAs, 
which course into the fi ssure itself, one can expose the tela choroidea of the 
roof of the IVth ventricle, cut it at the taenia at both sides and then fold it back 
upward to expose both the lateral recesses, if necessary. Next, the tela choroi-
dea can be divided longitudinally until the anterior medullary velum, to which 
it is attached along with the choroid plexus. At that point, two strategically 
positioned retractors will keep the access open and a suitable angulation of the 
surgical microscope will yield a complete view of the fl oor of the IVth ventricle 
from the obex to the cerebral aqueduct (Fig. 4). This route can be used also 
for some tumors of the dorsal mesencephalon which dip into the ventricular 
chamber, thereby avoiding possible injury to the colliculi.

1.3 Cervicomedullary junction

Tumors developing in the dorsal closed part of the medulla near its posterior 
aspect and in the cervicomedullary junction are usually approached through 
a low midline suboccipital craniotomy extended to the posterior arch of the 
atlas and to the necessary cervical laminotomies if the lesion extends further 
caudally (Fig. 5). When the tumor is medial, the surgical technique of removal 
is the same as that normally used for intramedullary spinal cord tumors – the 
tumor is accessed through a midline longitudinal myelotomy. For tumors lat-
erally placed either the posterior intermediate or the posterior lateral sulcus 
is used for entrance.

When the tumor is more laterally and/or ventrally located, a dorso-lateral 
approach is used providing excellent exposure of the anterolateral aspect of 
the medulla, the cervicomedullary junction, cranial nerves IX–XII and vas-
culatures. For removal of intra-axial lesions which  expand into the lower 
brainstem, it has not been found necessary to perform extensive bone re-
moval of the occipital condyle and the  lateral mass of C1. Adequate exposure 
is obtained by a restricted retrosigmoid craniotomy, a C1-hemilaminectomy 
and only when  necessary drilling away of the posterior third of the occipital 
condyle (Fig. 8).

2. POSTOPERATIVE CARE

Surgery for brainstem tumors mainly if they are totally intrinsic carries the 
most potentially dangerous risks of an operative procedure in the posterior 
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fossa and despite advancement in this area resulting in greatly reduced mor-
tality and morbidity, it is unrealistic to expect a patient,  following removal 
of an intra-axial brainstem glioma, to awaken in a better condition than be-
fore, as in the majority of cases the opposite occurs. Fortunately most new or 
worsened neurological defi cits will improve or disappear in the postoperative 
period, and at fi rst follow-up the clinical conditions are much improved, or 
even returned to normal.

All patients and/or parents prior to surgery are informed that they may 
expect, early after surgery, a transient or permanent worsening of their con-
dition, and will require a stay in an intensive care environment. As a rule, 
the patient immediately after surgery is taken to the neurosurgical inten-
sive care unit for at least 24 hours. The oral or nasal tracheal tube is main-
tained with mechanical ventilation and necessary sedation; and a CT scan 
is taken in order to exclude any early blood clotting, pneumacephalus and 
hydrocephalus, although such complications are very uncommon. Having 
a “clean” early postoperative CT scan, the tracheal tube may be safely re-
moved when the patient regains consciousness and normal ventilation pa-
rameters, and a positive testing of coughing and swallowing are registered. 
The removal of the tube must be done by expert doctors with great cau-
tion, particularly in such patients operated on for lower brainstem tumors 
in whom dysphagia, vocal cord paresis and loss of cough and gag refl ex may 
be expected or anticipated. Also in patients presenting severe dysphagia, it 
has proven benefi cial to delay tracheostomy because often with sedulous 
care and rehabilitation training, these disturbances will resolve and the pa-
tient regains swallowing.

Typically, patients regain vigilance, consciousness and cooperation with 
a tapering off of sedation, whereas a small group of  patients operated on for 
a midbrain tumor may remain in a comatose state or more frequently in a 
stuporous condition similar to an akinetic mutism for periods even longer 
than one week before gaining  awareness.

HOW TO AVOID COMPLICATIONS

The operative approach must be selected so that the zone of entry and the 
pathway inside the brainstem to reach the lesion be the less risky. This needs 
a deep knowledge of the topographic anatomy of the brainstem. Sitting posi-
tion has demonstrated to be advantageous for the patient, surgeon and the 
anesthetist, despite controversy. Anesthetists and neurosurgeons must be 
well-trained in such procedure.

Intraoperative neurophysiological monitoring is of prime importance to 
minimize morbidity.

Most patients may have, early after surgery, a transient or even permanent 
worsening of their condition. This will require a stay in an intensive care 
environment.
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CONCLUSIONS

Traditionally all tumors growing inside the brainstem are considered infi l-
trating with diffuse glial proliferation and treated with radiation therapy 
as well as with adjunctive chemotherapy with unsatisfactory results. Only 
in the last decades, advances in neuroimaging for diagnosis, improvements 
in surgical approaches and microsurgical techniques, better knowledge of 
functional anatomy and the more recent application of new advanced in-
traoperative electrophysiological monitoring and mapping have gradually 
helped in performing surgery more safely in such delicate structures as the 
brainstem.

Our experience demonstrates that today many lesions developing in this 
sensitive area may be successfully treated by direct surgery alone. The great 
majority of focal, dorsally exophytic and cervicomedullary gliomas can be 
safely removed and if the tumor is to be totally removed the patient results 
defi nitely cured.

Intraoperative neurophysiology during posterior brainstem surgery has 
dramatically evolved as compared to a decade ago when only somatosensory 
and auditory evoked potentials were monitored and peripheral cranial nerve 
mapping was available.

I would like to close by stressing the importance of the routine use of in-
traoperative electrophysiological monitoring. The fi rst analysis in our series 
based on a historical control demonstrated a signifi cant improvement in the 
outcome of the group of monitored patients. The monitoring system is best 
used at all times even if it might appear ineffective initially.
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MANAGEMENT OF FORAMEN 
MAGNUM TUMORS

B. GEORGE

INTRODUCTION

1. DISTRIBUTION OF PATHOLOGIES

The Foramen Magnum area (F.M.) is a complex region with many different 
pathologies that may develop either intradurally or extradurally. The former 
mainly include meningiomas (M) and neurinomas (N), while the latter cor-
responds to chordomas (Ch) and bone tumors (BT). Altogether these pathol-
ogies are very rare. The most common type (M) accounts for less than 0.5% 
of the intracranial tumors and 2.5% of the intraspinal tumors. In Table 1 the 
distribution of F.M. tumors in our per  sonal series is given. Me ningiomas ac-
count for about 70% of the intradural tumors and for 40% of all F.M. tumors; 
they  represent 6.5% of posterior fossa M, 1.5% of cranial M, 12% of spinal 
M and 42% of cervical M. Neurinomas include C1 and C2 spinal nerve roots 
N and XI and XII cranial nerve N. The C2 N is the most frequent and repre-
sents 5% of spinal N and 20% of cervical N. Chordomas are most frequently 
located in the sacrum (40%), at the skull base (38%) and along the spine 
(22%). In our series Ch at the cranio-cervical junction (CCJ) level are quite 
predominant among skull base (65%) and cervical (85%) locations. However, 
there is certainly a bias related to our referral process. In Wellinger series, 
F.M. Ch accounts for 30% of cervical Ch and 12% of all spinal Ch. Then 
bone tumors (BT) (16% of all F.M. tumors) includes metastases (35% of BT) 
and primary BT of many different types; the most frequent ones are osteoid 
osteoma, chondrosarcoma, aneurysmal cyst and plasmocytoma.

2. HISTORICAL BACKGROUND

Until recently there were very few reports on F.M. tumors. Since the fi rst 
observation (post-mortem) of a F.M. M by Hallopeau in Lariboisiere  Hospital 
in 1874 and the fi rst successful removal of a F.M. M by Elsberg in 1925, only 
3 large series had been published before 1995: one by the MayoClinic group 
(Dodge, then Yasuoka and fi nally Meyer in 1984), one by Guidetti and 
 Spallone in 1988 and a French cooperative study in 1993. Until the end of the 
last century, most of F.M. tumors (especially M) were published among series 
of posterior fossa or cervical tumors.

Keywords: Foramen Magnum, meningiomas, chordomas, lateral approach, 
skull base
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3. DEFINITION

In the literature several different defi nitions of the limits of the F.M. area can be 
found. Then following the report of the French cooperative study, most people 
agree on the following limits: anteriorly from the junction of the middle and 
lower third of the clivus down to the body of C2; posteriorly from the occipital 
bone at the margin of the F.M. down to the superior edge of the laminae of C2; 
laterally from the jugular tubercle down to the C1–C2 joints thus including the 
occipital condyle and the lateral mass of  atlas.

Intradurally these limits correspond on top to the junction between pons 
and medulla oblongata with the vertebro-basilar junction and on bottom to 
the C2 spinal nerve roots. The neighbour regions are the jugular foramen re-
gion superiorly and laterally, the cerebellar convexity posteriorly, the clival 
region superiorly and anteriorly, and the superior cervical regions inferiorly.

RATIONALE

The F.M. region is limited by bony walls which are very strong and important 
for the CCJ stability; anteriorly with the tip of the clivus, the anterior arch of 
atlas and the odontoid process; laterally with the jugular tubercle, the occipi-
tal condyle, the lateral mass of atlas and the two C0–C1 and C1–C2 joints. 
On the contrary posteriorly no important bony structures (occipital bone, 
posterior arch of atlas) are found. However, they are covered by several layers 
of big muscles while the anterior wall is only covered by a thin layer of mus-
cle and mucosa separating the bone from the mouth.

It must be noticed that the C0–C1 and C1–C2 joints are in fact located in 
front of the neuraxis as they are on both sides of the odontoid process. As a 
consequence there is no intervertebral foramen at these two levels and the C1 
and the C2 spinal nerve roots are merging behind and not before the joints (as 
are doing the other spinal nerve roots). This gives the possibility of approach-
ing the F.M. area behind these joints without compromising the stability of the 
CCJ. Therefore progressing just along the posterior aspect of these joints 
brings the surgeon in front of the neuraxis. Moreover this approach is gener-

Table 1. Distribution of FM tumors (Lariboisière Hospital experience)

Extradural N = 74 Intradural N = 154
Meningioma   5 Meningiomas 104
Neurinoma 29 Neurinoma   31
Chordoma 53 Others   19
Sarcoma 23
Metastasis 19 Pseudotumors N = 41
Osteoid osteoma  7
Others 28   
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ally realized to reach a tumor located in front of the neuraxis, therefore shift-
ing the neuraxis more or less posteriorly and laterally, and enlarging the 
 pre-axial space. As a matter of fact to work close to the C0–C1 and C1–C2 
joints, it is necessary to control the Vertebral Artery (VA) which runs verti-
cally along the C1–C2 joints between the transverse foramina of C2 and C1 
and horizontally behind  the C0–C1 joints in the groove of the posterior arch 
of atlas. Extraperiosteal control is mandatory to avoid any troublesome bleed-
ing from the perivertebral venous plexus which is enclosed in the  same perio-
steal sheath with the VA. One must be aware of the many variations in the 
diameter and course of the VA at this level. An  angio CT or angio MR is gener-
ally suffi cient to check all these VA variations.

Because the head rotation is mostly achieved by the atlas around the 
 odontoid process, the anatomical relations between the different structures 
(especially neuraxis and VA) and the bone are changing. This must be clearly 
understood before positioning a patient for surgery. Looking from the side, 
rotating the head towards the opposite side brings the ipsilateral transverse 
process of atlas more superfi cial, the ipsilateral posterior arch directly onto 
view but the ipsilateral anterior arch far away from access; moreover this po-
sition stretches the C1–C2 and above C1 segments of the ipsilateral VA which 
become almost parallel on both sides of the posterior arch of atlas.

DECISION-MAKING

1. DIAGNOSIS

Nowadays diagnostic problems are generally easily solved by modern tools of 
imaging. MRI permits nice imaging studies of the soft tissues 
including the neuraxis, pharyngeal and retropharyngeal spaces, muscular ele-
ments and vascular structures (internal jugular vein, carotid arteries, VA). CT 
scanner is almost always useful even in case of intradural tumor to appreciate 
the shape of the bony structures. CT scanner is obviously necessary for bone 
tumors or bone infi ltrating tumors. In Western countries most patients have 
today an easy access to these imaging modalities and therefore are referred 
with minimal symptoms. Most frequently patients present with posterior head-
ache and nuchal pain with stiffness. Neurological defi cits are often lacking or 
are very limited to paresthesiae or a mild sensory and/or motor defi cit of one 
limb. The classical evolution of the motor defi cit following a U shape (left arm, 
then left leg, right leg, right arm) is no longer observed. Similarly there is 
no more misdiagnosis of multiple sclerosis or of spondylotic myelopathy de-
laying the time of performing imaging studies. However, still many imaging 
studies start by a CT scanner and are then completed with an MRI, while the 
opposite would be more appropriate. Whatever both exams have generally to 
be carried on.
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2. STRATEGY

Then 3 parameters must be analyzed so as to defi ne the exact tumoral location 
and to apply the more adequate surgical strategy. First is the location in the 
horizontal plane; anterior if tumors extend on both sides of the anterior 
 midline; lateral (uni or bilateral) if it develops between the midline and den-
ticulate ligament and posterior behind the denticulate ligament. Second is the 
location regarding the dura: intra, extra, or intra-extradural. Third is the loca-
tion regarding the VA: above, below or on both sides. The two fi rst parame-
ters (horizontal plane and dura mater) lead to the choice of the surgical 
 approach, anterior (transoral), posterior (standard midline), posterolateral 
(far lateral) or anterolateral (extreme lateral) approach and corresponds to the 
extent of the opening in the horizontal plane. Basically the intradural location 
makes favor the posterolateral approach and the extradural location the ante-
rolateral or the transoral approach (Table 2). Intra and extradural develop-
ment generally leads to posterolateral approach if the main bulk of the tumor 
is intradural and to anterolateral approach if it is extradural. The location re-
garding the VA permits to adjust the extent of opening in the vertical plane: 
towards the occipital condyle for tumors above the VA and towards the lat-
eral mass of atlas for tumors below the VA.

This strategy has two goals: (1) the best tumoral resection, (2) the preserva-
tion of the CCJ stability. Therefore every surgeon dealing with F.M. tumors 
must master all the surgical approaches around the F.M. As a consequence, 
instability related to the surgical approach should be exceptional (no case in 
our series); however in some cases, CCJ instability may be the consequence of 
the tumoral bone invasion and destruction. Therefore a com plementary fusion 
procedure is decided only preoperatively because of the  tumoral extent on the 
imaging work-up. For instance intradural F.M. meningiomas never require 
any drilling of the occipital condyle and/or the lateral mass of atlas. In our 
series a partial drilling of these bony structures was  realized in only one case 
of the group of lesions not involving the bone. Obviously tumors invading the 
joints of the lateral wall need a more or less extensive bone drilling but without 
changing the patient’s condition regarding  stability. In case of instability, sta-
bilization procedure is preferentially realized after tumor resection so that it 
does not impinge on the patient’s positioning. Strategy defi ning the order of 
surgical steps is of utmost importance especially in case of chordomas for 

Table 2. Surgical strategy following tumor location

 ID ED ID–ED

Anterior  Transoral Transoral and/or posterolat.
Lateral Posterolat. Anterolat. Posterolat and/or anterolat.
Bilateral Posterolat 

bilat.
Anterolat bilat. 
or transoral

Posterolat bilat. and/or anterolat.

Posterior Posterior Posterior Posterior 
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which surgical resection often requires two different surgical approaches and 
instability asks for a complementary procedure. Among extradural and bony 
lesions, non-tumoral processes may be observed. They include infl ammatory, 
infectious, vascular, degenerative and malformative processes. They should 
not be misinterpreted as tumors since most of them need only decompression 
or even just a biopsy and a medical treatment (tuberculosis).

Very rarely an angiography is required before surgery. Analysis of the vas-
cular relationships is almost always possible from an MRI and an angioMR. 
Moreover in many cases, most vascular feeders (from ECA and VA) can be 
controlled and suppressed in the surgical approach; therefore the need for 
preoperative embolization is very unusual. However, a balloon occlusion test, 
sometimes followed by a permanent occlusion of the VA may be necessary 
either for a safe exposure or for a more radical resection (malignant tumors).

SURGERY

Dealing with a F.M. pathology one must be able to apply any of all the main 
surgical approaches leading to the F.M.

1. ANTERIOR APPROACHES

The F.M. is made of an anterior wall which can be reached by the transoral 
approach. This approach with all its variations (upper extension with trans-
palatal splitting and transmaxillary combined Le Fort  approach and lower 
extension with transglossal and transmandibular approach) is useful for any 
midline lesion located before or into this anterior bony wall. It is a straight 
forward approach, deep and therefore needing long instruments but without 
any structure on the way; only the mucosa and prevertebral muscles have to 
be divided and laterally retracted. It has lateral limitations with the two VAs 
and for upper opening the jugular veins and internal carotid arteries. It is 
certainly not indicated for lesions located behind the anterior bony wall and 
moreover for intradural lesions. In fact to reach theses lesions through the 
transoral approach, it is necessary to destroy the anterior bony wall, so creat-
ing a previously non-existing instability. This problem can be avoided using 
lateral approaches. Then closure of the dura is often diffi cult to achieve with 
a high risk of CSF leak and meningitis.

2. POSTERIOR APPROACHES

The posterior wall is rather weak as compared to the anterior and lateral ones. 
It has little importance in the F.M. instability. The direct route to this wall is 
the standard posterior midline approach, very well known by every neuro-
surgeon. It leads directly to the posterior midline of the F.M. area by splitting 
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in between the two parts of the posterior cervical muscles dividing the avas-
cular midline. It may be used for any midline posterior lesion extra or intra-
dural. It is limited laterally by the end of the VA groove in the posterior arch 
of atlas and anteriorly by the neuraxis.

3. LATERAL APPROACHES

The lateral wall of the F.M. mainly includes the two joints C0–C1 and C1–C2. 
It is in fact an anterolateral wall since the line of these joints is at the level of 
C2 vertebral body. There is no pedicle and no intervertebral foramen at the 
F.M. level. So lateral approaches are directed to these joints either turning 
around the posterior aspect of them (the posterolateral approach) or going 
straight to them (the anterolateral approach).

The posterolateral approach (Fig. 1) is in fact the lateral extension of the 
midline posterior approach so that the VA groove is exposed and the resec-
tion of the occipital bone and posterior arch of atlas reaches the medial aspect 
of the occipital condyle and lateral mass of atlas. The patient’s position can be 
sitting, prone or lateral; the skin incision is either vertical on the midline 
curved at the occipital protuberance down to the mastoid process or oblique 

A

B

C

VA

C2

VA

Fig. 1. Posterolateral approach. A Skin incision. B Exposure of the posterior fossa, the 
posterior arch of Atlas 1 with the groove of the Vertebral Artery (VA). 2 lamina of C2. C2 
C2 spinal  nerve root. C Exposure after resection of the occipital bone and posterior arch of 
atlas up to the lateral mass. VA Vertebral Artery. 2 lamina of C2
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vertical from the top of the ear towards the posterior midline at the C5–C6 
level. The bone is exposed subperiosteally so as to keep intact the periosteal 
sheath surrounding the VA. Then the bone can be safely removed above and/
or below the VA. Then following the course of the VA, one may penetrate 
into the foramen magnum surbarachnoïd space fi rst along the lateral then 
the anterior aspect of the medulla oblongata (MO). These spaces lateral and 
anterior to the MO are generally enlarged by the tumoral development mak-
ing still easier the access to them.

This posterolateral approach is therefore essentially designed for intra-
dural tumors or for extradural pathologies developed behind the lateral wall 
of the F.M. The lateral opening is extended towards this lateral wall especially 
in case of lesions anterior to the neuraxis (Fig. 2).

The anterolateral approach (Fig. 3) is similar to the one used lower in 
the neck to expose the transverse processes and the VA. At the F.M. level, 
the anterolateral approach goes to the C1 and C2 transverse processes and 
to the suboccipital (V3) VA segment. The fi eld is opened between the me-
dial aspect of the Sternomastoid muscle (SM) and the lateral edge of the in-
ternal jugular vein. To get more space it is often useful to detach the SM and 
occasionally the posterior cervical muscles from the occipital bone. For this 
the patient is in the supine position with the head slightly extended and 

A B

C D

Fig. 2. Foramen Magnum Meningioma, lateral location below the Vertebral Artery. Pre- and 
post-operative axial views at the level of the occipital condyle (A–C) and lateral mass of 
Atlas (B–D). Black star Vertebral Artery. T tumor
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rotated towards the opposite side. The skin incision follows the upper 10 cm 
of the medial limit of the SM up to the tip of the mastoïd process then fol-
lows the mastoïd pro cess and the superior occipital crest towards the oc-
cipital protuberance. Once the fi eld between the SM and the internal jugular 
vein is opened, the accessory nerve (CN XI) must be identifi ed and dis-
sected, then retracted inferiorly with the fat pad covering the depth of the 
fi eld.

The transverse process of atlas can be palpated 15 mm below and before 
the tip of the mastoid process. It is freed from all the small muscles attached 
on it so giving view to the C1–C2 and above C1 segments of the VA with the 
posterior arch of atlas interposed in between them. Transposition of the VA 
out of the transverse foramen permits to expose the F.M. lateral wall with the 
two joints C0–C1 and C1–C2. More rotation of the head controlaterally 
brings the posterior part of atlas and F.M. into view while less rotation per-
mits to run in front of the joints and to reach the anterior wall (anterior arch 
of atlas, vertebral body of C2 and odontoid process).

This approach can be extended as necessary inferiorly to lower levels in 
the neck since the same anterolateral approach permits to expose and  control 

A

B

C

SCM

CN XI

CN XI

IJV

IJV

VA

C1

C1

Fig. 3. Anterolateral approach. A Skin incision. B Opening of the fi eld between the Sterno-
mastoid Muscle (SCM) and the Internal Jugular Vein (IJV). C Expose of the V3 segment of the 
Vertebral Artery (VA) after dividing the muscles attached on the tip of the transverse process 
of C1 (C1). The Accessory Nerve (CN XI) is dissected and retracted inferiorly with the fat pad 
fi lling the depth of the fi eld
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the entire cervical spine. It can also be extended superiorly to the jugular 
 foramen and the cerebellopontine angle region. In this case a complementary 
opening of the posterior fossa by a retrosigmoïd approach is realized. The last 
possible extension is towards the petrous bone above the jugular foramen.

Most of time, the anterolateral approach is applied for tumors invading 
the bony elements of the anterior and lateral wall (Fig. 4). It means that F.M. 
stability is already compromised and will be still more impaired after surgery; 
therefore a stabilization procedure has generally to be considered in the man-
agement of these patients either in the same surgical stage or in a separate one. 
It must be quite exceptional to make unstable a patient which is preopera-
tively stable. It generally means that something was wrong in the strategy and 
the chosen surgical approach was not appropriate.

RESULTS/HOW TO AVOID COMPLICATIONS

Results are very much related to a good surgical strategy choosing the most 
adequate approach(es). Intradural lesions (meningiomas, neurinomas) in 

A

C D

B

Fig. 4. Chordomas. Pre-operative MRI axial view at the level of C1 (A) and of the occipital 
condyle (C). T tumor. White star Vertebral Artery. Post-operative coronal (B) and axial views 
(D) showing the tumoral resection through antero-lateral approach
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our series were totally resected in 98% at fi rst presentation. Remnants are 
sometimes left around the VA where it pierces the dura or nearby the lower 
cranial nerves at the jugular foramen. A clear separation with the medulla 
could always be obtained. Conversely in case of recurrence, the scar tissues 
and adherences with the nerves and parenchyma generally make a partial 
resection a better option. Morbidity should be reduced substantially (4% in 
our series) related to transitory or permanent worsening of swallowing dis-
turbances. Morbidity related to the surgical approach (posterolateral) is 
similar to that of midline posterior approach: muscular nuchal pain and 
stiffness for few days. There should be no instability and no VA l esion.

Extradural lesions included a variety of benign and malignant lesions for 
which complete resection is more diffi cult to achieve: 76% in our series 
 using one or several (31%) surgical approaches. A complementary stabiliza-
tion procedure was necessary in 64% of our cases mostly with occipito-
cervical plating and bone grafting. Morbidity related to the tumoral resec-
tion was essentially due to lower cranial nerves (IX to XII) damages and to 
CSF leak. A tracheostomy must be anticipated soon after or even performed 
before the tumoral resection so as to avoid inhalation pneumonia. Indeed it 
is pre-operatively diffi cult to assess the level of compensation which may 
exist in case of IX and XI cranial nerves preoperative palsy. Dividing  already 
invaded and paralysed nerves in fact is not always well tolerated and may 
need a tracheostomy and gastrostomy. Conversely preoperatively not infi l-
trated nerves  either may be preserved or always lead to long lasting (weeks 
or months) swallowing disorders if they are sacrifi ced. In case of anterola-
teral approach, the extraperiosteal VA exposure and even transposition was 
always done safely. In 5 cases of malignant tumors, resection included the 
VA resection as well for radicality. In relation with the surgical approach, 
no VA lesion was observed. Stretching of the accessory nerve by 
 overretraction of the SM muscle was observed in two cases inducing pain 
and neck stiffness for 2 weeks. Postoperative problems after transoral 
 approach have been extensively reported in the treatment of bony malfor-
mations. Tumoral resection particularly brings a high rate of CSF leak which 
is reduced by lumbar drainage and careful closure. There was no reopera-
tion for dural closure in our series including 12 transoral surgeries in spite 
of 5 leakages with meningitis in 3 cases. Dural closure must use several 
 tissue layers with stitches and glue. In one chordoma patient with a large 
dural defect a forearm free fl ap was realized.

Then instability should not be considered as surgical morbidity but esti-
mated from the preoperative tumoral extent. Stabilization procedure may 
induce its own morbidity; besides the limitation of head and neck move-
ments which cannot be avoided, infection (2 cases out of 48 cases) is the 
main problem.
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CONCLUSIONS

The preoperative planning using CT scanner for the bone, MRI for the soft 
tissues and angio CT or angio MR for the vessels is fundamental precising the 
exact location in the horizontal plane and regarding the dura, the bone and 
the vessels and identifying as well as possible the type of tumor. It helps to 
defi ne the best strategy using the most appropriate surgical approach(es) to 
get as complete as possible a resection without inducing instability if it does 
not exist yet. All the surgical approaches must be available in the surgical 
team so that the choice is not infl uenced by a favourite technique. A great 
variety of tumors can be observed at the Foramen Magnum level; each of 
them requires a different strategy aiming at complete resection preserving the 
quality of life.
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RADIOSURGERY FOR INTRACRANIAL 
TUMORS

J. RÉGIS

INTRODUCTION

Radiosurgery has become a major neurosurgical tool for treatment of intra-
cranial tumors [4, 40, 47]. The large clinical experience aggregated worldwide 
nowadays have allowed refi nement of the technic and better understanding of 
radiobiological concepts [14, 16, 20, 32]. Proper selection of the indications, ad-
vances in MR technology, access to powerful computer based navigation sys-
tems have led to a very signifi cant improvement in results. Radiosurgery has 
provided neurosurgeons with a novel approach allowing to treat effi ciently small 
deeply seated lesions with high risk of functional deterioration in case of micro-
surgical attempt. This chapter will summarize present knowledge on applica-
tions of radiosurgery to intracranial tumors, and give a large literature review.

Historically radiosurgery was introduced by Leksell in the 50s and materi-
alized by the fi rst Gamma Knife in the 70s [34, 35, 36]. First applied to  functional 
indications and arterio-venous malformations, radiosurgery revealed effective 
for skull base tumors. In the 80s vestibular schwannomas and meningiomas 
have become prominent indications for radiosurgery. Since 1960, roughly 
400,000 patients have been treated worldwide using Gamma-Knife. Thus 
Gamma Knife surgery is no longer an experimental method and a suffi cient 
evidence is available for drawing a quite precise picture of the potential role of 
radiosurgery in the neurosurgical management of intracranial tumors [48].

RATIONALE

Radiosurgery is defi ned as “a neurosurgical procedure using convergent  narrow 
ionizing beams, delivered in a single session, with a stereotaxic accuracy and 
precision, to destroy or modify biologically a predefi ned target without injur-
ing the critical surrounding structures” [64]. Radiotherapy was already used 
for the treatment of tumors when Leksell developed the concept of radiosur-
gery in the 50s. If in both approaches ionizing radiation is used, physical con-
ditions of this use are making the radiobiological effects of these two methods 
dramatically different. Thus, clinical effects, radiological effects, indications, 
risks, complications requirements for practice are very much different.

Keywords: intracranial tumors, radiosurgery, Gamma Knife, neuro-oncology
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Theoretically radiotherapy is poorly adapted to the treatment of brain 
lesions due to the usually high level of radioresistance of these tumors and 
the high sensitivity to radiation of the precious neural structures. Radio-
therapy is attempting to compensate this handicap by biological selectivity 
brought by fractionation and supposed to attenuate this bad safety effi cacy 
balance. At the opposite the neurosurgeons in line with their philosophy 
which is to spare as much as possible the normal structures have developed 
with Gamma Knife radiosurgery a topological selectivity instrument, by 
delivering the huge majority to the target and very few energy to the sur-
rounding structures [38].

With a single dose the radiobiological effect on the targeted structure is 
much more important than when the same total dose is spread in several frac-
tions. The calculation, for a radiosurgical treatment, of the Biological Equiva-
lent Dose (BED) in order fi gure what dose should be used with a fractionated 
treatment (e.g. 2 Gy per fraction) for the same radiobiological effect [33] re-
quires to take into account the nature of the targeted tissue (linear quadratic 
formula). This calculation is indicating that there is in benign tumors (slow 
reacting tissue) a strong radiobiological benefi t to use radiosurgery instead of 
radiotherapy [33].

Topological differential effect is the basic principle for safety in radiosur-
gery due to the delivery of a high dose in a single session. This requires high 
spatial accuracy both for imaging and doseplanning, peculiarly when there is 
a close relationship to highly functional and fragile surrounding structures. 
The Gamma-Knife with its fi xed sources is providing with an excellent fall off 
of dose. However in order to achieve a precise radiosurgical treatment the 
accuracy of the radiosurgical instrument is crucial but not suffi cient. Each 
step of the procedure needs to be secured in order to guarantee this safety and 
quality control plays a major role to ascertain this safety.

Long-term complications of Radiosurgery. The long-term potential car-
cinogenic risk of Stereotactic Radiosurgery (SRS) was not evaluated until 
recently. The defi nition of radio-induced tumors is based on the criteria by 
Cahan: the tumor must occur in a previously irradiated fi eld, after a long 
time interval from irradiation, and must be pathologically different from 
the primary tumor and not present at the time of irradiation. In addition, 
the patient must not have a genetic predisposition for the tumor. A low dose 
of radiation, such as 1 Gy, has been associated with second tumor formation 
and a relative risk between 1.57 and 8.75. This relative risk increases to 18.4 
for an interval time between 20 and 25 years. Radiation-associated tumor 
incidence is linked to different factors such as age and individual genetic 
susceptibility. At  this time, three radiation-associated gliomas and fi ve ma-
lignant vestibular schwannomas have been reported in the literature. More-
over, these second tumors do not meet all the Cahan criteria. We have 
reported two cases from our radiosurgical experience to discuss these points 
[45]. Long-term follow-up, ranging from 5 to 30 years, is needed to observe 
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the crude incidence of radiation-induced tumors. The relative risk is esti-
mated less than 1 per 1000 and must be reported to each patient prior to any 
radiosurgical procedure.

Numerous intracranial tumors, specially when there are small, well-de-
fi ned, and diffi cult to remove safely microsurgically, are potentially good in-
dications for radiosurgery.

DECISION-MAKING, PROCEDURES, RESULTS 
ACCORDING TO PATHOLOGIES

1. VESTIBULAR SCHWANNOMAS

Gamma-Knife SRS was fi rst used in 1969 by Lars Leksell to treat vestibular 
schwannomas (VS) [35]. No group has contributed more to the evaluation 
and administration of SRS in the management of VS than Drs. L. Dade 
Lunsford, Doug Kondziolka and John Flickinger from the University of 
Pittsburgh. This group has established optimal treatment parameters for tu-
mor control of VSs in combination with hearing and facial nerve preservation 
[19]. Dr. Lunsford et al. have confi rmed the importance of G. Noren’s policy 
of “low irradiation doses which are therapeutically effective” [17]. Flickinger 
et al. recently reviewed their series of 313 patients presenting with previously 
untreated unilateral VS who underwent SRS (with 12–13 Gy margin) between 
1991 and 2001 [18]). The actuarial six-year tumor control rate was 98.6%. 
The six-year actuarial rates for preserved facial nerve function, trigeminal 
nerve function, and hearing were 100%, 95.6  1.8%, 78.6  5.1%, respective-
ly. Dr. Lunsford’s team was the fi rst to prospectively demonstrate the ad-
vantage (in term of functional outcome) of SRS over microsurgery in the 
management of VS [52].

Between 1973 and 2004, a total of 2577 VSs have been surgically resected 
or treated by SRS in Marseille. Approximately 1500 patients were treated 
with SRS using Gamma Knife. All VS patients treated with SRS received a 
12 Gy tumor marginal dose. Three major technical advances have clearly in-
fl uenced our practice: the availability of high resolution stereotactic MRI 
[19], workstations to select the dose and treatment plan (Gamma Plan) [55], 
and the installation of the robotic APS system. The average number of iso-
centers used in 1992 was less than 5 and more than 15 in 2003 with the APS 
system [56]. Consequently, if we consider the fi rst 100 patients of our experi-
ence representing our learning curve, 4 treatment periods can be defi ned. The 
rate of transient facial palsy and hemifacial spasm for VS patients treated by 
our group was 3 and 3% during the fi rst phase (June 1992–December 1994; 
100 pts), 1.4 and 2.8% during the second period (December 1994–July 1997; 
212 pts), 0.55 and 0.83% during the third period (July 1997–May 2000; 
360 pts), and 0 and 0% during the last period (May 2000–January 2002, 
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258 pts), respectively. Only patients with greater than 2 years of follow-up 
were included in our series [54].

Comparison to microsurgery. In a comparison of 110 VSs surgically re-
sected and 97 treated by SRS, a lower rate of facial palsy and a higher proba-
bility of functional hearing preservation were both achieved after SRS [57]. 
All patients had Koos stage II–III tumors with a minimum follow-up of 
4 years. Only three other studies have compared microsurgery to radiosur-
gery in term of safety effi cacy and all these studies are confi rming our results 
[46, 52, 57].

Effi cacy of radiosurgery. In order to better defi ne the accuracy and effi cacy 
of SRS, the morphologic imaging changes of tumors treated between July 
1992 and January 2002 were evaluated [11]. Systematic measurements were 
performed on all tumors treated before and after SRS (intervals of 6 months, 
1, 2, 3, 5, 7, and 10 years). At the time of SRS, the median tumor volume was 
732 mm3 (mean 1346; range 20–14405). According to the Koos topographical 
classifi cation, there were 80 stage I, 538 stage II, 322 stage III, and 56 stage IV 
cases. Loss of central enhancement was visible on postoperative MR imaging 
at 6 months and/or 1 year in 45.5% patients. In 64% of these patients, loss of 
the central contrast enhancement occurred. A signifi cant increase in tumor 
size was recorded in 15% of the patients; in 3% of the patients, progression 
led to a second procedure, either resection or a second SRS procedure. Failure 
was defi ned as continuous tumor progression after 3 years from SRS treat-
ment. Tumor control was achieved in 97% of the cases. Since the natural his-
tory of the VSs include growth of 2mm/year, our results confi rm the effi cacy 
of SRS.

Hearing preservation. In our SRS experience, 175 patients with a VS and 
functional preoperative hearing (Gardner and Robertson 1 or 2) were initially 
treated with SRS. All these patients had a follow-up longer than 3 years [22]. 
Hearing preservation after SRS was 60% for all patients. Univariate and mul-
tivariate analysis have revealed parameters which infl uence the probability of 
functional hearing preservation at 3 years. These parameters include: a limited 
hearing loss (Gardner/Robertson stage 1), the presence of a tinnitus, younger 
age of the patient, and small lesion size. Functional hearing preservation at 3 
years is 77.8% in patients with stage 1 hearing, 80% in patients with tinnitus 
as a fi rst symptom, and 95% when the patient had both stage 1 hearing and 
tinnitus. In these patients, the probability of functional hearing preservation 
at 5 years is 84% [22].

Facial nerve preservation. Facial palsy was very rare (less than 1%) in our 
SRS management of VSs. Our results coincide with the Pittsburgh and Rhode 
Island experiences [54] (Table 1).

In summary in Marseille SRS experience, which includes 2000 patients, 
with more than 1000 patients with a follow-up longer than 3 years, has the 
following results: a long-term tumor control rate of 97%, transient facial 
palsy lower than 1%, and a probability of functional hearing preservation 
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between 50 and 95% was achieved in this large series of patients treated by 
state-of-the-art SRS (Fig. 1).

Small and middle sized VS in young patients with few symptoms are the 
best candidates for radiosurgery. Patients with Koos stage II and III tumors 
are good candidates as well. Intracanalicular, cystic, previously resected, 
and Koos stage IV tumors may be candidates as well. Originally, Koos class 
I tumors, until 1999, were considered for radiosurgery only in cases of tu-
mor progression at our institution. Our retrospective analysis of tumor 
growth rate, functional hearing preservation, and patients requesting radio-
surgery have led us to modify our practice. Patients treated by SRS have a 

125
dB 0

10
20

30
40

50

60
70

80
90

100

0

10
20

30
40

50

60
70

80
90

100

0 HZHZHZ

10
20

30
40

50

60
70

80
90

100

250 20001000500 4000 8000 125 250 20001000500 4000 8000 125 250 20001000500 4000 8000
dB dB

1997/08 1998/11 2008/03

Fig. 1. Vestibular Schwannomas Gamma Knife radiosurgery. In a 42 years old female, pre-
senting with tinnitus on the right ear, with a Gardner Robertson class II residual hearing on 
the right side, is discovered a Koos III right Vestibular Schwannoma in June 1997. On the 
day of Gamma Knife Surgery (September 10th, 1997), the MR is demonstrating a dramatic 
increase of the tumor which have became a Koos IV tumor with a slight mass effect on the 
brainstem. Decision is taken with the patient to proceed with the treatment in spite of this 
tumor enlargement. Six months after the MR is displaying a loss of the central contrast en-
hancement. After a transient asymptomatic increase of the tumor subsequent images have 
demonstrated a dramatic reduction (from 5 cc to less than 1 cc) of the tumor volume. On the 
last MR in February 2008 the tumor have shrunk, there is no longer any mass effect on the 
brainstem. The patient have experienced no complication, side effect or discomfort since 
radiosurgery and have kept a functional hearing. Between the fi rst audiometry in April 1997 
and the treatment day (5 months) the patient have experienced an average loss of 10 db. 
Since radiosurgery and after 11 years of follow up the average loss is only 15 db. The prob-
ability of preserving a normal facial function after a radical microsurgical removal should 
have been poor in this case of a large lesion and the probability to preserve a functional 
hearing close to zero
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higher probability of functional hearing preservation [58]. Consequently, 
patients presenting with a stage I lesion and functional hearing are now con-
sidered for radiosurgery at our institution even in the absence of tumor 
progression.

Large vestibular schwannomas can be effectively treated by deliberately 
adopting the strategy consisting in combining the surgical retrosigmoïd 
approach, which is a relatively non-invasive approach, with Gamma Knife 
radiosurgery. This two-fold therapeutic method seems to give an excellent 
functional outcome and a high rate of tumoral control. Excellent facial nerve 
function (House and Brackmann Grade I or II) was preserved in our experi-
ence in 87.5% of the patients. Consequently, nowadays whatever the size of 
the tumor Gamma Knife surgery is a very important piece of the neurosurgi-
cal armamentarium in otoneurosurgery.

2. MENINGIOMAS

In all the situations where radical removal seems achievable, there is few room 
for radiosurgery. When the complete resection of a large meningioma appears 
unachievable safely due to its topography and its close relationship to critical 
structures radiosurgery may be consider upfront as a combined treatment 
after a fi rst stage of subtotal removal.

For Cavernous sinus meningiomas enclosed in the cavernous sinus, small 
enough and far enough from the optic pathways, a fi rst line radiosurgery 
is recommended [61]. When the lesion is too big or too close to the optic 
pathways a combined approach (resection of the portion out of the cavernous 
sinus) or a conformal radiotherapy are advocated [13, 43].

Petroclival meningiomas specially when they are growing, inducing clini-
cal signs but small enough may be indication with lower morbidity than 
microsurgery [60].

Parasagital meningiomas have been demonstrated to correlate with a high 
rate of brain edema specially in patients previously operated and or present-
ing with a neurological defi cit at time of radiosurgery [27].

Malignant and anaplastic meningiomas are clearly more likely to fail to 
respond to radiosurgery [28].

Hemangiopericytomas are frequently presenting similarly to meningiomas 
from a radiological point of view but are usually much more sensitive to ra-
diosurgery [10, 12].

3. PITUITARY TUMORS

In acromegaly, Gamma-Knife radiosurgery has been used in our center since 
1993. We prospectively evaluated the long-term results of this procedure in 82 
patients, of whom 63 had previous transsphenoidal surgery [8]. Patients were 
considered as in remission when mean GH levels were less than 2 ng/ml and 
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IGF-1 was normal for age off somatostatin agonists. With a mean follow-up of 
49.5 months, 17% patients were considered as in remission. In addition, 23% 
considered as uncured had GH below 2 ng/ml and normal IGF-1 on somato-
statin agonists, whereas they were not normalized on the same treatment before 
radiosurgery. Initial GH and IGF-1 levels off somatostatin agonists were sig-
nifi cantly higher in the uncured than in the remission group. Withdrawal of 
somatostatin agonists at the time of radiosurgery had no incidence on the out-
come. No signifi cant difference was found in success rate whether Gamma-
Knife radiosurgery was used as a primary or as an adjunctive treatment. There 
were only few long-term side effects, mainly complete (n = 2) or partial (n = 12) 
hypopituitarism. Radiosurgery thus represents a potential therapeutic approach 
for acromegaly, particularly in patients with moderate growth hormone hyper-
secretion previously refractory to other therapies [6].

In Cushing’s disease, though transsphenoidal surgery remains the fi rst-
line treatment, recurrence occurs frequently. Conventional radiotherapy and 
anticortisolic drugs both have adverse-effects. Forty patients with Cushing 
disease treated by GK were prospectively studied over a decade, with a mean 
follow-up of 54.7 months in our department [7]. Eleven of them had Gamma-
Knife as primary treatment. Median margin dose was 29.5 Gy. Patients were 
considered in remission if they had normalized 24h free urinary cortisol and 
suppression of plasma cortisol after low-dose dexamethasone suppression 
test. Seventeen patients (42.5%) were in remission after a mean of 22 months 
(range 12–48 months). The two groups did not differ in terms of initial hormo-
nal levels. Target volume was signifi cantly higher in uncured than in remission 
group (909.8 vs. 443 mm3, p = 0.038). We found a signifi cant difference between 
patients who were on or off anti cortisolic drugs at the time of GK (20% ver-
sus 48% patients in remission respectively, p = 0.02). With 42% of patients 
in remission after a median follow-up of 54 months, GK stereotactic radio-
surgery, especially as an adjunctive treatment to surgery, may represent an 
alternative to other therapeutic options in view of their adverse effects.

In non secreting tumors, when a remnant is demonstrated to progress 
after microsurgical removal, radiosurgery can be performed safely if the 
target is small and not too close from the optic pathways [66]. It is of inter-
est to note that the marginal doses required for high rate of control are quite 
low compared to those necessary for control of the endocrinological 
disease.

4. CRANIOPHARYNGIOMAS

Craniopharyngiomas are among the tumors requiring traditionally high ra-
diotherapy doses due to their well-known radioresistance. They are certainly 
the tumors the more radiosensitive to radiosurgery, which allows the very 
safe and effective radiosurgical treatment of small residual craniopharyngi-
omas even when there are very close to the optic pathways.
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5. METASTASES

Classically solitary brain metastases are ideal candidates to be microsurgically 
resected with the addition of a whole brain radiotherapy (WBRT) in order to 
improve the local control [50], brain control [49] and survival [50]. This atti-
tude is well demonstrated to be superior to surgery alone or WBRT alone 
[49, 50]. Therefore this attitude became the standard of care till the 90s. This 
well-established standard has to be rediscussed nowadays due to the intro-
duction of radiosurgery in the modern management of brain metastases. Our 
initial radiosurgical experience have shown a quite high rate of local control 
with radiosurgery alone (86%). In spite of their well-known resistance to 
radiotherapy brain metastases from melanomas or renal cell cancers are turn-
ing out to be specially sensitive to radiosurgery than other and specially than 
lung cancer adenocarcinomas [23, 44]. Local control, median survival, Karnof-
sky performance status are demonstrated to be superior with radiosurgery 
plus WBRT compared to WBRT alone [1, 29]. Local control obtained with 
radiosurgery alone being demonstrated to be equivalent to the local control 
obtained with surgery plus radiotherapy our team have favor the strategy of 
radiosurgery alone repeated on demand, WBRT being proposed only for sal-
vage therapy. Microsurgery is proposed in large or associated to extensive 
edema with impending herniation or cystic solitary lesions. WBRT is pro-
posed upfront in small cell lung cancer (randomized trials show >50% of 
patients will develop brain mets and that WBRT improves survival) or in pa-
tients with too-numerous-to-count chemoresistant brain metastases. Radio-
surgery alone in a large multicentric study show high local control (85%), 
few complications (1% radionecrosis), with a median survival of 11 months 
[15]. The advantages of this attitude are (1) a better local control than WBRT 
alone or MS alone equivalent to MS  WBRT (2) avoids WBRT toxicity, (3) is 
a one-day procedure, (4) chemotherapy delay is not necessary, (5) can be re-
peated on demand, (6) can be used after prior WBRT, (7) WBRT can be used 
in future if necessary, (8) toxicity is low. Its disadvantage is (for radiosensitive 
histologies like lung ADK) a higher probability of brain recurrence [2]. 
Aoyama et al in 2006 comparing SRS to SRS  WBRT have reported a median 
of new brain metastases of 64% and 42%, respectively [2]. However WBRT 
toxicity is more and more clearly reported. Slotman in 2007 reported in small-
cell lung cancer patients without brain metastases treated with preventive 
WBRT show signifi cant increase of fatigue, hair loss, appetite loss, nausea 
vomiting and leg weakness [68]. In patients with brain metastases Welzel et al. 
have found that WBRT was one cause of neurocognitive dysfunction imme-
diately after the beginning of RT, and Xu et al. have shown an increase risk for 
radionecrosis for patients treated with WBRT before or at the same time of 
SRS (ASTRO 2007). Sneed et al have demonstrated, comparing SRS alone to 
SRS  WBRT, that the probability of being brain free from progression was 
no longer signifi cant when allowing for salvage therapy [69]. Analyses of the 
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impact of salvage therapy in Aoyama et al. prospective study (SRS versus 
SRS  WBRT) shows that SRS alone followed by SRS on demand and eventu-
ally salvage WBRT when numerous lesions are appearing allows to reduce the 
use of WBRT (16% instead of 100%) with, as a price to pay, an increase of the 
number of additional SRS from 14 to 28%, but less chemo delay, less total 
number of procedure (95/125) less total treatment days (194/638), and less 
costs [2, 3]. Thus data clearly favor radiosurgery alone for 1–4 metastase pa-
tients due to signifi cant fewer procedures, less chance of getting any WBRT 
toxicity, fewer days undergoing procedures, fewer possible chemo delays and 
less costs. When patient’s initial number of brain metastases is >3 freedom 
from distant brain metastases at 12 months is 0% versus 46% for those present-
ing initially with less than 3 according to Sawrie et al [62]. However, the number 
of metastases (after controlling for KPS, age, primary cancer status, extra-
cranial mets, total target volume, WBRT) is not infl uencing the survival [71].

Radiosurgery is representing a very appealling alternative to conventional 
management of brain metastases [15] specially if quality of the remaining life 
is the fi rst concern.

6. GLIAL TUMORS

Glial tumors, even when they are at a radiological focal stage of expression, 
are obviously already a diffuse disease of the central nervous system poorly 
adapted to such a hyperfocal approach. In our team, the only cases in which 
radiosurgery can be discussed are small recurrences occurring at the limit of 
a fi rst line large lobectom [67]. Consequently, that is not surprising to ob-
serve that in our overall activity of radiosurgery in Marseille among 7012 
radiosurgical interventions only 16 have been done for patients presenting 
with a glioblastoma. First intention radiosurgery of small glioblastomas 
[31] seems well tolerated in spite of the use of high dosages with a rate of 
toxicity and reoperation lower than with brachytherapy [67]. Targetting of 
small recurring tumors based on spectroscopic MR or PET [37] is still a 
strategy under evaluation.

Second line radiosurgery in recurrent anaplastic ependymomas have been 
reported by the Pittsburgh team in a series of 22 patients with tumoral con-
trol in 68% of the patients actuarial 5 years local control rate and brain 
control (whatever the location) being respectively of 62.3 and 32.4%. No 
complication is reported by these authors. Radiosurgery appears as an inter-
esting minimally invasive procedure in some of these patients [24].

Globally malignant gliomas are poor indication for radiosurgery due to 
their diffuse mode of invasion.

At the opposite, some pineal tumors [41, 53, 59], especially pilocytic as-
trocytomas, can be excellent indications of radiosurgery when they are small, 
well circumscribed, deeply seated and therefore not easy to remove safely [26, 
63]. Pilocytic astrocytomas of the tectal plate are specially fi tting to these 
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criterion [26] with in our experience and in the literature very few risks com-
pared to microsurgical exereses (Fig. 2).

7. HEMANGIOBLASTOMAS

The interest of radiosurgery in the treatment of small hemangioblastomas, 
multiple or recurring or when patients are not good candidates for microsur-
gical resection is well established [9, 25, 51]. Jawahar et al. reported a series of 
27 patients (29 lesions, mean follow up 4 years) with actuarial control rate of 
84.5 and 75.2 at 2 and 5 years. Better results were noted in patients presenting 
with small lesions and with marginal doses superior to 18 Gray [25].

8. GLOMUS JUGULAR TUMORS

Few glomic tumors treated by radiosurgery have been reported in the litera-
ture. On the occasion of a European multicentric study, we have been able to 
aggregate 66 such cases. Radiosurgery was the primary treatment in 30 cases 
(45.5%), a previous microsurgical resection had been performed in 24 cases 
(36.4%), embolisation in 14 (21.2%) radiotherapy in 5 (7.6%). Fifty-two pa-
tients have been followed an average of 24 months (3–70). Clinical improve-

PostOp
30th August 2001

PreGK
1st August 2002

GKS 5 Years FU
30th December 200712th February 2003

A B C D

Fig. 2. Pilocytic astrocytoma radiosurgery in a pediatric case. In a 11 years old boy a micro-
surgical removal of a tectal tumor (in a foreign country) have left a voluminous residue (see 
postoperative MR August 30th, 2001). Gamma Knife surgery performed in February 12th 2003 
have demonstrated an impressive effi cacy with an important shrinkage of the tumor on follow 
up MR. At 5 years after radiosurgery (MR December 2007) the tumor is no longer visible on the 
images. The patient have experienced no side effect or complication related to radiosurgery
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ment was observed in 15 patients (29%) and a worsening in 3 patients (5.8%). 
A clear radiological decrease of the tumor was reported in 19 patients (40%) 
and a stabilisation in the other 28 patients (60%). Due to the very slowly 
growing natural history of this kind of tumors these interesting results must 
be confi rmed by further studies with longer follow-up [21, 39, 65].

CONCLUSIONS

Radiosurgery has acquired – nowadays – a large place in the therapeutic ar-
mamentarium for the management of small deep-seated tumors. Radiosur-
gery allows to treat these lesions under local anesthesia, without mortality, 
and a very low morbidity rate.

One can separate four clinical situations:

Some lesions must be operated conventionally because of a more 1. 
radical and fast effi cacy, associated to few risks of complications. In 
this group, radiosurgery is discussed in second line when there is a 
remnant diffi cult to remove (e.g. residual secreting pituitary micro-
adenomas invading the cavernous sinus).
Some lesions must be operated by radiosurgery in fi rst intention due 2. 
to a clear benefi t in term of functional outcome and avoidance of 
surgical complications (e.g. small vestibular schwannomas of Koos 
stages I, II or III in young patients, small meningiomas enclosed in 
the cavernous sinus).
Some lesions can be approached deliberately with a combination of 3. 
microsurgical reduction and radiosurgical treatment of the remnant 
close to the critical structures (e.g. foramen jugulare large schwan-
nomas, Koos stage IV vestibular schwannomas).
Some lesions due to their biological behaviour are not good candidates 4. 
to radiosurgery out of exceptional circumstances (e.g. glioblastomas).
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INTRAOPERATIVE EXPLORATIONS



ULTRASOUND-GUIDED NEUROSURGERY
G. UNSGÅRD

INTRODUCTION

Intraoperative sonography has been used in neurosurgery since the 1950s. 
The fi rst ultrasound (US) modality introduced was A-mode, which did not 
produce anatomical images, but detected highly refl ective surfaces along the 
direction of the ultrasound beam. A-mode ultrasound could be used to local-
ize intracerebral mass lesions and to detect midline shift.

In the 1960s, two-dimensional B-mode ultrasound became available. The 
technology was refi ned in the years to come and in the early 80s several re-
ports on the intraoperative use of real time B-mode ultrasound were pub-
lished. The technique was helpful for localizing small subcortical neoplasms, 
as well as delineating deeply located solid and cystic lesions and also for fi nd-
ing the best approach to the tumor. Eventually, probes more adapted to the 
requirements of intraoperative ultrasound in neurosurgery became available. 
The probes became smaller, enabling imaging through small craniotomies, 
laminectomies, and even burrholes. A variety of guidance systems for stereo-
tactic real-time ultrasound guided biopsies were also developed allowing 
quick and precise placement of needles and catheters.

In the late 80s the computer technology had developed to a stage that 
made it possible to use preoperative image data to tell the position of a tool in 
the brain. The concept of neuronavigation was born, and during the next de-
cade a lot of effort was put into technical development and clinical evaluation 
of neuronavigation systems. Eventually, neuronavigation became a standard 
tool for planning and guidance of brain surgery. However, conventional neu-
ronavigation systems based on preoperative data have some important short-
comings. There are always some inaccuracies when the images are registered 
to the skull. Further, it was discovered that craniotomies led to a displacement 
or shift of intracranial structures. The main causes for brain-shift are removal 
of CSF and tumor tissue during brain tumor surgery.

The accuracy of conventional neuronavigation is impaired by brain shift. 
The brain-shift is nonuniform, being largest at the cortical surface and small-
er in deeper structures of the brain. Furthermore, the shift is larger close to a 
tumor resection than far away. Calculations of the brain-shift by mathemati-
cal models have proven diffi cult.

The main solution to the brain-shift problem is to update the images dur-
ing the operation. There are mainly two ways to obtain new images during 

Keywords: ultrasound, ultrasound-guided neurosurgery, imaging
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the operation, Intraoperative MRI or Intraoperative Ultrasound. Intraopera-
tive ultrasound is a fl exible technology that allows near real-time 3D image 
acquisitions of high quality with little or no interference to the surgeon’s 
workfl ow. In addition, the cost associated with intraoperative ultrasound is 
considerably lower than for intraoperative MRI.

RATIONALE AND METHODS

1. INTRAOPERATIVE 2D ULTRASOUND

The use of real time 2D US for different neurosurgical procedures may be 
cumbersome because the probe hampers the use of instruments. In order to 
see and guide the surgical instrument used in the ultrasound image, special 
attention must be taken for positioning the surgical instrument accurately in 
the real time 2D US scan plane. In addition, extra space is needed in the crani-
otomy for simultaneously placement of both the US probe and the instru-
ment. Another problem with 2D US is the orientation. 2D US images have a 
different orientation compared to MR images and may cover only a small part 
of the area of interest.

Some articles have described the integration of real-time 2D US with nav-
igation technology. This enables display of intra-operative 2D US with cor-
responding images of preoperative MRI, solving part of the orientation and 
brain-shift problem.

2. INTRAOPERATIVE 3D ULTRASOUND

The further development into 3D ultrasound systems is the optimal way of 
using intraoperative US [2]. By integrating neuronavigation and 2D ultrasound 

A B

Fig. 1. A The probe is moved over the region of interest, while each of the 100–200 ima-
ges is tagged with position data from the optical tacking camera and reconstructed into a 
regular 3D volume. B The pointer steers the display of the 3D volume
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it is possible to create 3D US volumes and to navigate directly based on 3D US 
data. We have used a system (SonoWand ) where the 3D US volume is recon-
structed from 100–200 2D images, created by making a move or tilt over the area 
of interest with a pre-calibrated and tracked US probe [1]. The optical tracking 
system reads the position of the patient reference frame and the US probe. It 
typically takes about 30 seconds to create a new 3D US volume (Fig. 1).

Intraoperative 3D US can be used alone for navigation, but it is often use-
ful to register 3D MR volumes to the patient’s head before start of the opera-
tion as in conventional navigation systems. This will make it easier to plan the 
approach and craniotomy, facilitate ultrasound image orientation, and help 
the less experienced US user to interpret the US images (Fig. 2A).

In addition to tissue images it is also possible to make images of vessels 
(US angiography) based on recordings of the power Doppler signals from the 
blood stream. In the intra-operative imaging system that we use, the vessels 
are presented as red overlay in the tissue images (Fig. 2B).

3D US volumes can be acquired many times during the operation, and the 
instruments can always be guided in an updated US image map. Furthermore, 
the probe is not in the operation fi eld during the operation, except when new 
3D US image acquisitions are done.

A B

Fig. 2. A Corresponding cross sections of 3D MR (upper row) and 3D US (lower row) of a 
low grade astrocytoma. B Corresponding cross sections of 3D MRA and 3D US angiography 
(power Doppler) of an AVM showing a feeding vessel
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3. NAVIGATION INACCURACY

The overall clinical inaccuracy is the difference between the position of an 
object in the true physical space and the position of the object as displayed 
in the image space. When using preoperative images (MR or CT) the overall 
clinical inaccuracy consists of both registration inaccuracy, describing the 
inaccuracy of the registration of the images to the head, technical inaccura-
cy, indicating the inaccuracy in the navigation system itself, and the inac-
curacy due to brain-shift. The registration inaccuracy can be considerable 
(often more than 5 mm). For 3D US, the registration inaccuracy is elimi-
nated because both US acquisition and navigation based on 3D ultrasound 
is done in the same reference system. The inaccuracy due to brain-shift can 
be abolished by repeated acquisitions of 3D US during the operation. The 
overall inaccuracy of the US based navigation system SonoWand  is 1.40  
0.45 mm [4].

4. DISPLAY OF THE IMAGES

The display modalities offered by the ultrasound-based navigation system are 
orthogonal slicing (similar to conventional navigation systems, see Fig. 3A), 
anyplane (oblique slices defi ned by the direction and rotation of the pointer) 
as well dual anyplane slicing (anyplane + plane perpendicular to the anyplane, 
see Fig. 3B) and stereoscopic projections. This stereoscopic display has been 
used for visualizing vessels.

The slicing and display of the volumes on the monitor is steered by a 
pointer or another calibrated instrument like the CUSA, the biopsy forceps, 
an endoscope or a microscope.

5. IMAGE QUALITY

Image quality is of crucial importance in intraoperative imaging. The US image 
quality is related to the spatial resolution (the ability to resolve targets), which 
in the 2D US scan plane is mainly determined by the frequency of the probe 
used. Higher frequency means better resolution. The drawback is attenuation 
and thus loss of penetration in the tissue with higher frequency. Further, the 
size of the probe footprint, i.e. the aperture with number of probe elements is 
an important factor for image resolution. Generally, a larger probe footprint 
means higher resolution.

One of the reasons why US image quality has improved dramatically in 
recent years is that the probes can be electronically tuned for a range of fre-
quencies. In this way optimal resolutions can be obtained simultaneously at 
multiple depths, resulting in high image quality at a broad range of depths. 
Most of the images shown in this chapter we have obtained by a 5 MHz 
(4–8 MHz) phased array probe. This probe gives optimal image quality at a 
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distance of 2.5–6 cm from the probe. It is sometimes useful to apply a gelatine 
stand off on the brain. A plate of gelatine, about 1 cm thick, is formed and 
placed on the brain over the area of interest. Since gelatine does not give any 
echo at all, it only lifts the probe away from the lesion, optimizing the dis-
tance between a superfi cial lesion and the probe.

The images generated by a phased array probe spread out like a fan. It will 
cover a wide area at a distance from the probe, but close to the probe it has a 
small sector. Such a probe is suitable for deep-seated lesions. A drawback 
with phased array technology is the inability to display tissue adjacent to the 
probe, i.e. superfi cial to the probe’s focal point. For lesions close to the sur-
face a fl at linear array probe will be more suitable. It covers only a rectangular 
area under the probe, but image quality can be extremely good depending on 
the aperture and frequency of the probe.

A

B

Fig. 3. Display modes. A Orthogonal display – axial, coronal and sagital plane. B Dual 
anyplane – a plane defi ned by the direction and rotation of the pointer (anyplane) + a plane 
perpendicular to the anyplane. The tumor shown in all modes is a low grade glioma in thala-
mus with outline of inserted pyramidal tract as white lines. MR – upper row, US – lower row
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6. CLINICAL ARRANGEMENTS FOR OPTIMIZING IMAGE QUALITY

Less experienced users of US imaging technology have sometimes been un-
able to achieve good image quality throughout the operation because they 
have not paid enough attention to the nature of US penetration in tissue. 
Air located between the probe and the dura or in the operation channel will 
give acoustic shadows and bad image quality.  Sterile gel may be put be-
tween the probe and the dura to give good beam penetration. If the images 
are acquired over bare brain, water will provide suffi cient acoustical con-
tact. Calcifi cations in the dura may also produce acoustic shadows and re-
duced image quality, which may be overcome by simply acquiring new US 
images after the dura is opened. Some probes may be sterilized, but still 
most probes need to be wrapped in sterile drapes before use. When packing 
the probe before the operation it is important to put gel on the probe head 
in the sterile plastic drape to remove air and thus obtaining optimal condi-
tions for beam propagation.

A

B Source for US probe

Opening inDura

Fig. 4. A The patient should be positioned to obtain a vertical access to the lesion. In that 
way it is possible to fi ll the operation cavity with water for renewed 3D US acquisition. 
B In deep-seated lesions a linear incision of the skin and an ellipsoid craniotomy is benefi -
cial. Image at an angel to the operation access may be useful to reduce artefacts form the 
op eration channel
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To be able to record new US volumes with good image quality throughout 
the operation, the positioning of the patient is important [8]. The patient 
should be positioned so that the preferred operation channel becomes vertical 
(Fig. 4A). Thus air bubbles will rise to the surface when the operation cavity 
is fi lled with saline for 3D US acquisition, which is important in order to 
avoid air artefacts. Such a positioning is always possible (own experience). 
The only obvious exception is operations in sitting position. After registra-
tion of the 3D MR volume to the head of the patient, it is sometimes neces-
sary to adjust the position of the head to obtain a vertical access to the lesion. 
This can be done without a new registration because the reference frame is 
fi xed to the three-point head frame.

Even though only a small craniotomy is needed for 3D US guided surgery 
on deep-seated lesions, it is often useful to make an ellipsoidal craniotomy 
(Fig. 4B), to be able to acquire images at an angel to the surgical channel. This 
seems to reduce the artefacts from the operation channel.

A vertical access will also reduce the retraction on the normal tissue be-
cause the retractors do not have to work against gravity. Retractors in the 
surgical cavity should generally be removed before image acquisition to re-
duce artefacts and shadows. The image quality during the operation is also 
dependent on having a clean resection cavity. Blood clots, cottonoids etc. 
must be removed, and the cavity should be fl ushed with saline to remove air 
bubbles and tissue particles before 3D US acquisition.

SURGERY

1. HOW TO USE 3D US IN DAILY NEUROSURGERY

Intraoperative navigated 3D US has been used for a wide variety of applica-
tions. The extent of use may be different in different neurosurgical depart-
ments. At my department we use it for all intra axial brain tumors, for  biopsies 
and for all cavernomas and AVMs. We also use it for most skull base cases, 
and sometimes to guide endoscopes as well as insertion of ventricle catheters 
[11].

1.1 3D ultrasound guided tumor resection

3D MR is useful for the planning of the operation, but according to our 
 experience all operative decisions after the craniotomy should be based on 
the 3D US volume as it gives a more accurate picture of the intraoperative 
situation.

The information in the 3D US volume can be explored in a conventional 
way by using a pointer. The drawback is that the operation has to be stopped 
while pointing in the resection cavity. A more elegant and dynamic approach 
is to attach an optical tracking frame to the resection instrument (CUSA). In 
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that way it is possible to continuously follow the position of the resection 
instrument during the operation (Fig. 5A). While the conventional axial, sag-
ittal and coronal display is frequently used for planning, our experience is 
that slicing controlled by the position and orientation of the operation instru-
ment (anyplane) is more useful when guiding the resection. A plane perpen-
dicular to this plane (dual anyplane) gives additional value especially when 
working close to tumor borders where one plane could be tangential to the 
tumor (Fig. 3B). Furthermore, the monitor has to be located so that the sur-
geon only needs to glance to the side of the microscope in order to see the 
navigation display.

Many conventional navigation systems have an interface to the micro-
scope instead of the tracked instrument interface. Both interfaces are useful 
and a microscope interface will also be available for the 3D US system that we 
are using. However, we think that the interface with continuous tracking of 
the operation instrument is far more dynamic than the microscope interface. 
With the microscope interface it is necessary to manually outline the tumor 
border. When using a calibrated operation instrument, a guided resection can 
be done immediately after the US acquisition. In deep-seated parenchyma 
tumors the resection can be done through a very small opening with visual 
information from the microscope and position information from the navi-
gated 3D US volume. This will reduce the injury to normal tissue. The online 
information about the distance from the tip of the resection instrument to the 
tumor borders, or to important vessels, may speed up the resection and make 
the surgeon feel more confi dent in different phases of the operation.

1.2 Resection control

There is growing evidence for a benefi cial effect of complete removal of 
gliomas on recurrent growth and patient survival. To obtain a total resec-
tion it is necessary to acquire images towards the end of the operation. Typ-
ically 3 to 5 new image volumes are acquired during an operation (Fig. 5B). 
Resection control is dependent on good image quality. To obtain good im-
age quality during the resection, spatula and cottonoids should be removed, 
and there should be no blood in the operation cavity. The preoperative po-
sitioning of the patient is also important. The operation channel should be 
vertical.  In that way it is possible to fi ll the cavity with water and the air 

Fig. 5. A With tracking of the ultrasound aspirator, the position of the tip of the instrument 
can be continuously monitored in the 3D US volumes (dot at the end of the line). B Cor-
responding anyplane views of four ultrasound volumes of a patient with low grade glioma 
acquired at different phases in the operation (order of progression: upper left, upper right, 
lower left and lower right). The arrows indicate residual tumor. Notice the considerable shift 
of normal tissue towards the end of the operation. The position of the CUSA tip is close to 
the normal tissue in the forth US volume, while the same position is deep in the tumor in 
the second US volume
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bubbles in the cavity will surface. Even though the operation access turned 
out to be oblique, it is often possible to adjust the table to obtain vertical 
operation channel during image acquisition, and turn it back during opera-
tion. The preparation of the resection cavity for a new ultrasound acquisi-
tion may take a few minutes; depending on how clean the cavity is during 
the operation. The process of acquiring and processing new images takes 
less than one minute. Thus, several ultrasound acquisitions will not alter the 
workfl ow of the operation to any signifi cant degree.

There might be a slight decline in US image quality during the operation. 
However, our experience is that residual tumor tissue missed during micro-
surgery can be detected and removed with 3D US [9] (Fig. 6).

2. APPLICATIONS

2.1 Low grade gliomas

US is an excellent imaging modality to depict low grade gliomas (Figs. 3 and 
5). There is no oedema in low grade gliomas, so the lesion seen in the images 
is tumor tissue. A study where biopsies were collected inside and outside the 

Fig. 6. A Snapshot from the navigation monitor showing a dual anyplane display of dif-
ferent phases of the operation of a glioblastoma. In the row of images named “during 
the resection”, no more tumor tissue could be detected by the microscope. The residual 
tumor tissue identifi ed by the 3D US (white arrow) was readily localized and removed by 
the tracked CUSA. B MR before resection. C 1 day after the tumor resection. No additional 
morbidity was observed
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imaged tumor border with a navigated biopsy forceps revealed that US is just 
as precise as MR T2 in delineating the tumor border [12]. A few biopsies 
sampled between 2 and 7 mm outside the imaged border contained tumor 
cells (false negative), but no biopsies collected from 2 to 7 mm inside the im-
aged tumor border was normal (no false positive). Accordingly, navigated US 
depicts the borders of low grade gliomas in a very safe way.

Resection of low grade gliomas in non-eloquent area. A safe and effi cient 
method for operating these tumors is to do 3D US guided resection in layers 
perpendicular to the access channel. In that way it is possible to do resection 
at the edge of the tumor with a minimum of brain shift. Towards the end of 
the operation new 3D US images are acquired and residual tumor tissue is 
resected until gross total resection is obtained.

Resection of low grade gliomas in eloquent areas. In addition to preopera-
tive MR data (e.g. T1, T2, FLAIR, MRA) it is possible to import 3D func-

Fig. 7. Snapshot from the navigation monitor (low grade glioma). Dual anyplane display of 
3D MRI (upper row) and 3D US (lower row). The pyramidal tractography is inserted in the 
3D MRI volume, and the outline of the tract is displayed as a white line. The pointer shows 
a considerable shift between MRI and US. The tract is outside the tumor, as shown in MRI. 
The position of the tumor borders can be trusted on 3D US, even though it may look as if 
the 3D US borders of the tumor are inside the tract on MRI
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tional MRI and 3D tractography into the introperative 3D US imaging sys-
tem [5]. However, the location of the eloquent cortex and the tracts in the 3D 
MRI cannot be trusted due to brain-shift and registration inaccuracy. After 
acquiring 3D US images we will immediately see the shift by pointing with 
the virtual pointer at the border of the tumor or some other landmarks. Even 
though it takes some spatial thinking it is always possible to fi nd out where 
the eloquent cortex or tracts are located compared to the  tumor depicted in 
the 3D US image (Fig. 7). Several research groups are working on automatic 
methods for updating preoperative MR images using intraoperative 3D US. 
In most cases eloquent areas can be handled only with accurate 3D US, be-
cause both eloquent cortex and tracts with normal function seem to be lo-
cated outside the depicted tumor. It is, however, important to be extremely 
conscious when operating close to eloquent areas.

Very small low grade gliomas. In some parts of the world a MRI investiga-
tion is done even on  minor  symptoms and always as part of work up after an 
epileptic  seizure. Sometimes a very small lesion is discovered. Some years ago 
a lesion like that would not be operated, because it would be nearly  impossible 
to fi nd the lesion during the operation. With 3D US it is easy to locate and 
operate such a lesion. Whether removal of such  tumors with good margin will 
eliminate recurrence and permanently cure the  patients  remains to be seen, 
but there are good reasons for expecting that.

2.2 High grade gliomas

Anaplastic gliomas and glioblastomas are easily depicted with US. Sometimes 
there is a considerable oedema around a high grade tumor. In most cases the 
tumor tissue can be differentiated easily using navigated ultrasound images. 
In a biopsy study where we compared image interpretation with navigated 
biopsies [12] we found very few biopsies in a 2–7 mm range inside the de-
picted tumor border that were normal tissue.

High grade gliomas both in eloquent and non-eloquent area can be oper-
ated in the same way as low grade gliomas.

With 3D US and image guided surgery it is possible to obtain gross total 
resection also in deep-seated lesions with a low risk of additional morbidity 
(Fig. 6).

2.3 Skull base tumors

Even in skull base tumors the MR volume may have a shift, mainly due to 
inaccurate registration of the 3D MR volume to the patient. 3D US support 
may therefore be useful also in skull base cases. In large skull base meningi-
omas or very large acoustic neurinomas 3D US guided resection can be used 
to do a safe and rapid subcapsular resection without having to do any dissec-
tion of the capsule. It is much easier to peel the capsule off the normal brain 
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or brain stem when most of the tumor is removed for two reasons: fi rst, a lot 
of space in the operation fi eld makes it easier to dissect and second, a thin, 
fl exible capsule comes off more easily than a stiff capsule with some tumor 
tissue.

When important vessels are found inside the tumor, it is useful to have 
updated information of US angiography [7]. The display of the US angiogra-
phy will show the distance between the instrument tip and the vessels. Dur-
ing resection there might be a shift of these vessels. Therefore it is important 
to acquire new 3D US volumes to have reliable images.

For large and diffi cult skull base tumors it may be useful to have an up-
dated map of the progression of the tumor removal. It is not unusual to over-
estimate the amount of the tumor removed during different phases of the 
operation. A real time update can be useful, especially for the less experienced 
skull base surgeons.

2.4 Free hand biopsy

Neuronavigation systems based on preoperative 3D MR images have been 
used for biopsies in many neurosurgical departments. The patient registration 
procedure and the brain shift caused by the positioning of the head and loss 
of CSF will introduce navigational inaccuracies. With intra-operative 3D US 
all these error sources are eliminated because the 3D US volume is created 
immediately before the collection of the biopsy. The images can be made with 
the 5 MHz phased array probe through a burr hole with diameter of 14 mm. 
The biopsies are collected with a navigated biopsy forceps.

In vascular regions it can be useful to make 3D US angiography to avoid 
injuring vessels with the biopsy forceps. 3D US also make it possible to con-
trol the biopsy site by acquiring a 3D US volume after the biopsy sampling.

A disadvantage with the present equipment is that the reference frame 
must be attached to a head holder (Mayfi eld), and the patient therefore has to 
be in narcosis. With some small modifi cations of the equipment it should be 
possible to do 3D US biopsies also in local anaesthesia.

The success rate of 3D US guided biopsies compared to the approach 
based on a stereotactic frame and MR data has not been tested. In our experi-
ence we always get a valid biopsy with the 3D US system. That is not always 
so when we use the stereotactic frame system.

2.5 Cavernous haemangiomas

3D US is useful for operation of deep-seated cavernous hemangiomas. Our 
experience is that cavernous haemangiomas both in brain parenchyma (Fig. 8) 
and in the brainstem are seen very well with 3D US. Especially in the brain-
stem we have experienced that the MR images often have a shift. This shift 
makes it dangerous to use only 3D MR to fi nd a cavernous haemangioma in 
the brainstem that is not visible on the surface. However, the clinical accuracy 
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of navigation based on intraoperative 3D ultrasound will remain below 2 mm 
as acquisition and navigation is performed in the same coordinate system.

2.6 Endoscopy guidance

In endoscopic operations of complex pathological structures like multiple 
cysts, it is diffi cult to know the exact position of the endoscope. It may be 
helpful to calibrate the endoscope to conventional navigation systems based 
on preoperative CT and MRI. However, navigation of the endoscope based 
on intra-operative 3D US seems to be preferable for two reasons [6]. First, 
with 3D US an extra CT or MRI investigation can be avoided. This is espe-
cially desirable in paediatric neurosurgery. The other reason is that anatomy 
may change during the operation due to leakage of CSF from ventricles or 
fl uid from cysts. 3D US offers a possibility to update the map during the op-
eration. The only disadvantage is that a minicraniotomy is necessary for the 
probe instead of a burr hole. This can be done through a small incision, so the 
cosmetic result is very good, in fact often better than after a conventional burr 

Fig. 8. A snapshot from the navigation monitor showing a cavernoma located in the right 
nucleus caudatus (MR – upper row, US – lower row). The pointer tip is located at the edge of 
the cavernoma. Notice a considerable inaccuracy in the 3D MRI
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hole. For newborns the images can be acquired through the fontanels. It is 
also useful for the planning of the trajectory to display the US angiography.

2.7 Evacuation of haematomas

There are arguments for a benefi cial effect of early and minimal invasive evac-
uation of spontaneous intracerebral haematomas, but there is no fi rst grade 
evidence. Thus, the way of handling these lesions are very different in the 
various clinics. For those who want to do a rapid and minimal invasive evacu-
ation, we have described a method using two minicraniotomies, one for the 
probe and one for the evacuation [8]. The evacuation through a small tube in 
the normal tissue either by suction or by ultrasound aspirator can occur very 
rapidly. A real time 2D surveillance picture is crucial to know the exact posi-
tioning of the tip of the suction or the CUSA, and to observe the rapid nar-
rowing of the hematoma cavity during the evacuation. However, this is a 
technically challenging method. An easier method is to acquire 3D US 
through one minicraniotomy, and evacuate with guided CUSA. The hae-
matoma is gradually removed by careful evacuation and repeated 3D US ac-
quisitions.

2.8 Vascular operations

3D volumes reconstructed from power Doppler data may be displayed either 
in red colour overlaying the tissue images, or it can be used to construct ste-
reoscopic images of the vessels. In tumor operations where the objective of 
the angiography is to avoid harming vessels with the operation instruments, 
slicing the volume in different ways are usually suffi cient, as already men-
tioned. Though this display technique is useful also for vascular operations, 
the vessels are usually showed in a more optimal way using 3D rendering 
techniques and stereoscopy.

Aneurysm surgery. In aneurysm surgery 2D US have been used to localize 
the aneurysm. We have found it helpful to use the anyplane display of 3D US 
to localize peripheral aneurysms.

The US angiography has so far not been very useful in evaluating the clip-
ping of aneurysms because the power Doppler signal is too intense and 
smeared out (the blooming effect) to give a sharp delineation of the small ves-
sels around the aneurysms.

AVM. 3D rendering techniques as well as stereoscopic visualization of the ves-
sels may be helpful to understand the tortuous architecture of the feeding ves-
sels of AVMs. Our experience is that the navigated stereoscopic display of 3D 
MR angiography can be used successfully to identify and clip the larger feeders 
of AVMs at the initial phase of the operation, thus making it easier to perform 
the extirpation of the nidus [10]. The stereoscopic display of US angiography is 
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not of the same quality as the MR angiography. However, the US angiography 
adds value to the operation by making it possible to correct for the registration 
error as well as brain shift and to enable intra-operative resection control.

2.9 Intra-spinal pathology

One problem with 2D US in spinal surgery is that the probe obstructs the 
operation access and has to be removed before the image information can be 
used. Navigation in updated 3D US images eliminates that problem [3]. The 
linear array probes are well suited for medulla imaging and seem to give excel-
lent image quality (Fig. 9). 3D US is useful for planning the surgical approach 
to intradural tumors through minimal dural openings. 3D US is also useful to 
ensure minimal invasiveness and preservation of normal tissue when collecting 
biopsies from or resecting deeper intramedullary tumors not visible on the 
surface of the spinal cord. When resecting tumor masses that may involve im-
portant vessels such as the vertebral arteries, 3D US angiography is helpful. In 
syrinx surgery 3D US has also been found valuable and time saving.

3D US used for intra-spinal pathology has the great advantage that no 
preoperative registration procedure is required. However, the potential ben-
efi ts associated with this technology have still not been tested out in larger 
clinical series of medulla pathology.

HOW TO AVOID COMPLICATIONS

No complications related to the use of 3D US have been described or 
 observed.

A B

Fig. 9. MRI (A) and US (B) of a medulla tumor with cysts
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The Learning Curve: Experienced neurosurgeons sometimes express that 
if you know the anatomy very well there is a limited need for intraoperative 
imaging. Indeed, decades of surgical experience may sometimes compensate 
for the lack of access to intraoperative navigation. However, experience re-
quires practice, and most surgeons are exposed to a limited number of chal-
lenging neurosurgical cases. 3D US, especially in combination with 3D MRI 
based neuronavigation may help the less experienced surgeon to achieve great 
results with minimal risk. The ability to constantly navigate and confi rm the 
position of the instruments in relation to anatomical structures will most 
likely make the surgical learning curve faster and safer for younger neurosur-
geons. Even the most experienced neurosurgeon will benefi t from using in-
traoperative 3D US in order to obtain resection control and to cope with 
complex anatomical settings. The only requirement is that the surgeon is will-
ing to learn how to use 3D US. Our experience is that surgeons that start to 
use intraoperative 3D US learn very fast both to acquire and interpret images, 
and the 3D US system readily becomes part of their every day equipment.

CONCLUSIONS

3D US is a very easy and fl exible way to get intraoperative image data. It is 
also a much less expensive solution than intraoperative MR. A disadvantage 
with 3D US is that the acquired volume only covers the region of interest and 
do not provide a complete overview to the anatomy. This drawback is easily 
managed by either displaying corresponding preoperative MR/CT and US 
cross sections, or fusing the US volume into a CT or MR volume. Thus, the 
overview of the MR/CT is combined with the 3D US’s accuracy and ability 
for intraoperative updates. Another problem is that many neurosurgeons are 
unfamiliar with US. Our experience is that surgeons in departments that have 
made 3D US part of their operative armamentarium learn very fast.

The main advantages with ultrasound-based neuronavigation are:

3D US depicts most brain tumors with very good image quality.• 
Operation with image guided operation instruments enables the surgeon • 
to work safer, some times faster and always with more confi dence.
3D US is useful for resection control.• 
An intraoperative 3D US navigation system with the combination • 
of navigated MR and US enables resection of very small low grade 
tumors.
US visible intra axial tumors in eloquent areas can be removed with-• 
out permanent neurological defi cit.
In skull base surgery the system provides information about the loca-• 
tion of important vessels, about tumor borders as well as information 
about the progression of the surgery that is useful, especially to less 
experienced surgeons.
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3D US is very useful for localization and resection control of caver-• 
nomas.
Guidance of endoscope with 3D ultrasound is useful, especially • 
in pediatric neurosurgery. 3D US provides an updated overview 
of the volume of interest while the endoscope shows the surface 
details.
The use of 3D angiography in vascular surgery is promising, but some • 
more technological development is desirable.

These advantages make neuronavigation based on 3D ultrasound an excel-
lent tool for everyday clinical use.
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BRAIN NEURONAVIGATION 
FOR DEEP-SEATED TARGETS

T. HORI

INTRODUCTION

Recent advances in computer technology have allowed the development and 
widespread use of intraoperative navigation systems for neurosurgical proce-
dures. Many intraoperative navigation systems have been introduced in the 
fi eld of neurosurgery [1, 3–6, 10]. In this chapter, augmented reality microscope 
and/or endoscope navigation system for transnasal transsphenoidal surgery 
and epilepsy surgery, and the use of semi-real time updated navigation system 
using intraoperative MRI (iMRI) for resection of glioma will be presented.

Especially for glioma removal, the contribution of intelligent operation 
room with permanent magnet (0.3 Tesla) MRI system and newly developed 
devices including coils and mapping apparatus for the improved resection 
rate and increase of survival rate in malignant gliomas will be presented.

RATIONALE

With this system, surgical interventions can be performed more safely and 
accurately, the majority of reported systems indicate only the 3-D location of 
the surgical site. Most of the previously developed navigation systems pro-
vided information only on the location of ongoing surgery in 3-D MRI planes 
or overlaid simple virtual images of objects, including tumors, on microscop-
ic real images in two-dimensional planes. We consider these not to be true 
3-D image-guided navigation systems, although they use AR technology.

The modern available navigation system in our institute is AR navigation, 
and “realtime” (semireal) intraoperative MRI (iMRI) updated navigation. The 
limiting factor of using iMRI is the position of the patient. Under iMRI, the 
usable positioning is either supine or prone position; because the space avail-
able for taking MRI is only 43 cm, some complex patient’s position such 
as “Concorde Position” cannot be adopted. In such complex position AR 
navigation system is useful. In this chapter, AR navigation system for the 
endoscopic transnasal transsphenoidal removal of pituitary adenoma, and for 
subtemporal selective amygdalohippocampectomy to medically intractable 
temporal lobe epilepsy, and realtime iMRI updated navigation for corpus cal-

Keywords: brain, neuronavigation, deep-seated lesions, imaging
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losotomy for intractable drop attack caused by Lennox-Gastaut syndrome, 
and fi nally realtime iMRI updated navigation for glioma resection, will be 
successively illustrated. The indication of iMRI for various intracranial 
lesions, resection rates, and complications are demonstrated.

DECISION-MAKING, INDICATIONS AND SURGERY

1.  AR-NAVIGATION SYSTEM FOR TRANSNASAL TRANSSPHENOIDAL 
SURGERY

For endoscope-assisted, endonasal, transsphenoidal surgery to treat pituitary 
tumors, an endoscopic navigation system is even more necessary and useful 
for safe operations, because an endoscope permits much greater access to 
suprasellar and lateral surgical areas, where critical structures (including in-
ternal carotid arteries) are situated, as a result of the wider angle of view 
(compared with an operating microscope). Our present AR navigation sys-
tem not only indicates the 3-D direction and position of the endoscope on 
axial, coronal, and sagittal MRI or CT scans, but also offers 3-D virtual im-
ages of the tumor and nearby anatomic structures superimposed on real-time 
endoscopic live images. With our navigation system, the virtual images are 
continuously presented three-dimensionally on the screen.

The system consists of a rigid endoscope, an optical tracking system, and a 
controller. We use endoscopes intermittently during pituitary surgery. For the 
AR navigation system, we usually used rigid endoscopes (2.7 mm in diameter, 
with viewing angles of 0 or 30 degrees) equipped with a lens-cleansing irriga-
tion/suction system (Olympus Optical Co., Ltd., Tokyo, Japan). The endoscope 
was mounted in a self-retaining holder, to allow the surgeon to use both hands 
freely. The operation of the optical tracking system (Flashpoint 5000 3-D local-
izer; Image Guided Technologies, Inc., Boulder, CO) was based on two sets of 
infrared light-emitting diodes (LEDs), which measured the position and orien-
tation of the endoscope in relation to the patient’s head. The fi rst set of LEDs 
was attached to the patient’s head, to measure the position and orientation of the 
head relative to reference markers mounted on a goggle-type frame (Fig. 1A). 
The second set of LEDs was mounted on an endoscope and a probe (Fig. 1B), to 
measure the position and orientation of the endoscope and the probe relative to 

Fig. 1. A Intraoperative photograph, showing the reference markers mounted on the gog-
gle-type frame worn by the patient. A set of infrared LEDs will be attached to the fl at plate, 
to measure the position and orientation of the patient’s head relative to the reference mark-
ers mounted on the goggles. B Endoscope attached with fi ducial marker LEDs is inserted to 
the nasal space with nasal speculum in the nasal cavity. C, D Endoscopic view during nasal 
procedures in an operation to treat a pituitary tumor, with superimposed wireless frame 
images. The sella fl oor is being approached (C), and dura is opened and tumor is now under 
removal (D). The three planes of CT scans (C) and MR images (D) (axial, coronal, and sagit-
tal) are presented in the corners of the monitor, with indications of the directions of the 
endoscope and endoscopic beam (green line)
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Fig. 1. (Continued)
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the reference markers on the goggle-type frame. The system calculated the rela-
tive position and orientation of the patient’s head and the endoscope in real time, 
permitting movement of the patient’s head during surgery.

The controller (a Pentium III-based personal computer) generated 3-D 
wire-frame model images of the tumor and nearby anatomic landmarks 
 (including the internal carotid arteries, sphenoid sinuses, and optic nerves), 
which were reconstructed on the basis of the preoperative MRI data for 
the patient. MRI or CT scans (slice thickness, 1 mm; without gaps) were ob-
tained preoperatively, with the patient wearing the goggles with the reference 
markers (Fig. 1A). The procedures related to reconstruction of the wire-frame 
images are described below. The process was semiautomated. First, we applied 
a region-based segmentation algorithm to preoperative CT (Fig. 1C) and MRI 
scans (Fig. 1D), for the tumor and each anatomic structure. With the system, we 
specifi ed subregions, which constituted the regions of interest, by clicking 
computer mouse. We were able to obtain a volumetric representation of the 
3-D object in each region of interest. After the procedure, we confi rmed and 
manually corrected the selected regions for tumors and nearby structures, on 
the basis of the CT and MRI scans. These procedures required approximately 
hours and were performed before the day of surgery. The 3-D wire-frame 
models were superimposed on the endoscopic live images on the basis of the 
actual position and orientation of the endoscope during surgery. The endo-
scopic AR navigation system we developed demonstrates the position and di-
rection of the endoscope on 3-D MRI or CT scans (axial, coronal, and sagittal 
sections), together with anatomic 3-D virtual images superimposed on endo-
scopic live images.

Therefore, intraoperative lateral (C-arm) fl uoroscopy was not necessary. 
The midline was always identifi ed with the AR navigation system when we 
used an endoscope or the probe with LEDs (Fig. 1B). Furthermore, the loca-
tion and orientation of the endoscope were indicated three-dimensionally on 
MRI or CT scans on the monitor in green, with the direction of the endo-
scopic beam in yellow. This was extremely useful, because surgeons often 
become confused regarding direction when using endoscopes with viewing 
angles of 30 or 70 degrees.

Another benefi t was that the system took into account the lens distortion 
observed in endoscopic views. Our endoscopic AR navigation system 
provided 3-D information for surgery, with simultaneous display of superim-
posed, “real”, 3-D, wire frame, virtual images of the tumor and nearby struc-
tures, color changes of the tumor according to the distance between the tip of 
the endoscope and the tumor, a bar graph of the distance, and indications of the 
location and direction of the endoscope and endoscopic beam in 3-D MRI or 
CT planes. These features are superior to those of conventional navigation sys-
tems, which are available only for operating microscopes, and they permit safe 
accurate endoscopic pituitary surgery. In particular, the AR navigation system 
proved effi cient for reoperations, in which midline landmarks may be absent.
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2. AR NAVIGATION USING FOR EPILEPSY SURGERY

This endoscopic augmented reality navigation system can be utilized to  epilepsy 
surgery, replacing simply endoscope to operative instruments such as bipolar 
forceps. In a case of selective amygdalohippocampectomy [2] bipolar forceps 
AR navigation system was quite useful to detect the temporal horn and hip-
pocampus (Fig. 2A, B). Motor evoked potential (MEP) monitoring [9] during 
removal of amygdala and hippocampus is useful not to have complication of 
hemiplegia related to the manipulation of anterior choroidal artery. Successive 
monitoring of MEP of EMG of upper extremity (Fig. 3, left) and lower extrem-
ity (Fig. 3, right) on the contralateral side to the operation are demonstrated.

The combined use of iMRI and AR navigation system was especially useful 
in case of subcortical small cavernous angioma resection and total corpus cal-
losotomy for 8-year-old boy affl icted with drop attacks caused by Lennox-
Gastaut syndrome (Fig. 4A, B). AR navigation indicated the tip of the bipolar 
forceps just on the lowest end of the corpus callosum, so that, the neurosur-
geon is confi dent that total callosotomy has been well performed. Bilateral 
synchrony of spike and wave discharges on electrocorticographic recording 
before (Fig. 4C) callosotomy disappeared after total callosotomy (Fig. 4D).

3.  REAL-TIME UPDATED IMRI NAVIGATION FOR REMOVAL 
OF MALIGNANT GLIOMAS

Since the fi rst reports of the clinical feasibility of intraoperative MRI (iMRI) 
by Black [1] and Tronnier [10] independently in 1997, several groups have 
described their application and a variety of newly developed or modifi ed sys-
tems, including C-shaped low-fi eld systems, systems with a vertical gap, 

Fig. 3. During the selective amygdalohippocampectomy, upper (left panel) and lower ex-
tremity (right panel) motor evoked potentials are continuously monitored. In this case, there 
were no decline of MEP potential during surgery

Fig. 2. A Three intraoperative MRI planes demonstrating the direction of the bipolar forceps 
to the hippocampal head. B After selective amygdalohippocampectomy, midbrain 
( ) internal carotid artery ( ) optic tract ( ), anterior choroidal artery ( ), and posterior 
cerebral artery ( ) are demonstrated
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 dedicated designs such as the “double donut” systems, a system with a cylin-
drical, ceiling-mounted, movable magnet. Despite the variety of systems avail-
able, the principle of (nearly) real-time imaging and the intention to maximize 
image guidance throughout each procedure are common to all of them.

Fig. 4. AR navigation in a case of 8-year-old boy affl icted with Lennox-Gastaut syndrome, 
whose drop attack was intractable and to be operated by total callosotomy. A Using up-
dated realtime navigation system with iMRI, the tip of the bipolar forceps are just at the 
posterior end of the corpus callosum indicated by green lines on axial, coronal, and sagittal 
three planes on the left side, and the upper right is the tip of the bipolar foeceps at the ax-
ial plane, and lower right is the operative microscope picture. B In sagittal plane, the direc-
tions and length from the bregma to corpus callosum are demonstrated by red lines. C ECoG 
of subdural recording of bilateral frontal lobes at the time of pre-callosotomy. Bilateral syn-
chrony are demonstrated. D ECog of subdural recording of bilateral frontal lobes after total 
callosotomy, Bilateral synchrony has disappeared
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Since the introduction of iMRI to the intelligent operating room in March 
2000, 400 lesions were already operated in intelligent OR using with iMRI 
until June 2006. The lesion included 283 cases of glioma, 39 cases of parasellar 
tumor, 34 cases of angioma/AVM, and 10 patients of epilepsy surgery includ-
ing a patient of Rasmussen encephalitis and 34 patients of other lesions. The 
improved resection rate and improved survival rate will be described.

3.1  Usefulness of iMRI for malignant glioma surgery in terms 
of established treatment algorithm and improved image quality

There is signifi cant controversy with regard to the goals of surgical resection 
of malignant gliomas. Some believe that since the relationship between resec-

Fig. 4. (Continued)
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tion rate and patient prognosis has not yet been established, the possible ben-
efi t of radical removal of tumor is overshadowed by the relatively high risk of 
postoperative neurological morbidity. At the same time others argue that cor-
relation between resection rate and prognosis has suffi ciently been defi ned 
and that total tumor removal is the most effective treatment for malignant 
glioma [7, 8, 11]. Regardless of this controversy, most investigators agree that 
better demarcation of the tumor border in the eloquent areas of the brain 
would result in an increased resection rate with reduced risk of postoperative 
neurological deterioration. The objective of the present study is to evaluate 
the usefulness of low magnetic resonance (0.3 Tesla) iMRI imaging for com-
plete resection of glioma with emphasis on functional outcome.

From 2000 to 2004, ninety-six patients had resection of intracranial glioma 
with the use of iMRI. The vast majority of procedures were performed by 
the same team (Chief TH). Informed consent was obtained before surgery 
from each patient and his/her nearest family member. Resection rate and 
postoperative neurological status were compared between control group (46 
cases, operated on during initial period after installation of iMRI), and study 
group (50 most recent cases, in which surgery was done using established 
treatment algorithm and improved image quality).

3.2  How to use intraoperative MRI and MR compatible operating devices

The internal organization of our “intelligent operating theatre” is presented 
on Fig. 5A,B. Intraoperative MRI scanner (AIRIS II, Hitachi Medical, 

Fig. 5. A and B The internal organization of the “intelligent operating theatre” at the Tokyo 
Women’s Medical University Hospital: general schematic view A, the diagram of the intelli-
gent OR with yellow dotted line indicating 5-gauss line. During the awake surgery with iMRI, 
the monitoring can be performed outside of this 5-gauss line, with newly designed lan-
guage mapping kit. The images can be displayed at the same time for examiner and the 
patient with transparent vinyl covering for patient’s observation during the awake surgery
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Tokyo, Japan Fig. 6A), as available at Tokyo Women’s Medical University, 
has a disc-shaped permanent magnet with a magnetic fi eld strength of 0.3 
Tesla and a gantry gap of 43 cm in width. Low magnetic fi eld strength creates 
narrow 5-gauss line, and the patient can easily be moved outside of the fi eld 
but still remaining in the operative theater (Fig. 5A) which permits to use 
some conventional surgical devices (for example, high speed drill). Neverthe-

A B

DC

Fig. 6. A Intraoperative MR machine, B newly developed coil, C The patient is under lan-
guage mapping during awake craniotomy, D The language mapping kits
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less, all surgical devices and instruments that are used within the 5-gauss line 
(Fig. 5A, yellow dotted line), such as operating table (MOT 2000-MRI, Mizuho 
Ikakogyo, Tokyo, Japan, Fig. 5A, B) and operating microscope (MRI-30, 
Mitaka Kohki, Tokyo, Japan, Fig. 5B), are constructed from non-ferromag-
netic material to prevent accidents and avoid image artifacts. Body coils for 
the scanning of the abdominal region were used as receiver coil in the control 
group, while original coils for the scanning of open brain surgery with higher 
signal-to noise ratio were developed later on (Head Holder Coil., Hitachi 
Medical, Tokyo, Japan, Fig. 6B) and used in the study group. Although the 
fi eld strength of this scanner is low, it can provide images of suffi cient quality 
for identifi cation of residual tumors, and allows generation of 3-D recon-
struction images, magnetic resonance angiography (MRA), and cine-MRI.

During surgery MR images were obtained at 3-slice thickness (1.5-mm 
slice intervals, 100 slices) under the following conditions: fi eld of view (FOV), 
230  230 mm; TR, 27 msec; TE, 10 msec (for T1-weighted spin echo), and 
FOV, 230  230 mm; TR, 3000 msec, TE, 120 msec (for T2-weighted turbo). 
An MRI contrast agent (gadolinium diethylenetriamine pentaacetic acid) 
was administered intravenously at 0.2 ml/kg in the control group and at 
0.4 ml/kg in the study group. Scanning duration was 3 min and 36 sec for T1 
weighted images and 5 min for T2-weighted images. All MRI data were dis-
played on the in-room display screen. A surgical navigation system (PRS 
navigator, Toshiba, Tokyo, Japan, Fig. 5A, B) was used in 35 recent cases to 
facilitate tumor removal and detection of its remnants. The navigator was 
based on a conventional infrared location-identifi cation device, which shows 
the location and position of the bipolar tip in 3 sectional planes. Navigation 
DICOM format fi les of MR images were transferred to a computer through 
a local area network. Images were available for use in less than 5 minutes after 
MR scanning.

3.3 Surgery (How I do it)

In 84 cases surgery was performed with patients in the supine position, 
whereas 12 patients were in prone position. After induction of anesthesia, the 
patient head was fi xed in a four-point head holder coil (Fig. 6B). Craniotomy 
was performed in a usual manner, followed by opening of the dura mater and 
arachnoid. Thereafter, fi ducial markers were fi xed to the skull, the covering 

Fig. 7. A case of glioblastoma of 56-year-old woman of left parahippocampal gyrus. The 
patient was put in prone position and posterior interhemispheric approach has been adopt-
ed. A Updated iMRI demonstrating the tip of the bipolar forceps in three dimensional 
images (axial, sagittal, and coronal). The lower right corner is the real-time microscopic 
picture. B Preremoval updated iMRI fi gure demonstrating the presence of GBM at the left 
parahippocampal gyrus. C After subtotal removal, there was a small remnant at the deph of 
the operative fi eld which was well demonstrated by updated iMR images. D After fi nal re-
moval of the GBM by posterior interhemispheric approach, iMRI was taken and demonstrat-
ing the complete removal of the tumor



439

BRAIN NEURONAVIGATION FOR DEEP-SEATED TARGETS

A

B



440

T. HORI

C

D

Fig. 7. (Continued)
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coils was connected to the four-point head holder coil, and the operating table 
was covered with the second transparent drape (Fig. 6C). Patient’s head was 
moved in the center of the MRI gantry by sliding the upper portion of the 
operating table. MR imaging was performed, and data were transferred onto 
a computer for further neuronal-navigation. The fi ducial markers were regis-
tered in the computer, which permitted use of “real-time” update neuronavi-
gation during tumor removal. If the tumor was located near or in eloquent 
brain areas, cortical mapping, neurophysiological monitoring, and/or stimu-
lation of the cranial nerves were performed – as appropriate before resection 
of neoplasm- for identifi cation of the motor area, speech area, cranial nerves 
and its nuclei. Somatosensory evoked potentials (SEP) and motor evoked po-
tential (MEP) [9] were routinely monitored during surgery. If the tumor is in 
or around the language area, awake craniotomy with intraoperative language 
mapping is performed (Fig. 6C, D). After removal of the neoplasm, iMRI was 
performed again to assess the completeness of tumor resection, identifi cation 
of the residual neoplasm or possible adverse effects such as hemorrhage. If 
residual tumor was identifi ed and considered suitable for additional resec-
tion, the newly obtained MRI data were transferred to the navigation com-
puter and further resection of the tumor was performed following this 
 updated information. When resection of the tumor was completed, fi nal iMRI 
was done to evaluate the resection rate. Such treatment algorithm permitted 
us a more precise orientation in the operative fi led compared to conventional 
neuronavigation systems, which are based on MR images obtained before 
surgery and constitute a risk for possible mislocalization errors due to brain 
shift after removal of CSF and the tumor itself.

3.4 Results

A comparison of the two groups of patients revealed their compatibility in 
clinical characteristics. At the same time, resection rate in the study group 
compared to control group was signifi cantly higher (91% vs. 95%, P < 0.05), 
whereas residual tumor volume was signifi cantly smaller (1.7 ml vs. 0.025 ml; 
P < 0.01). The number of cases with total removal was also higher in the study 
group as compared to the control group (52% vs. 39%), but this difference 
did not reach statistical signifi cance. Further subgroup analysis showed that 
residual volume of WHO grade IV tumors (4.6 ml vs. 0.05 ml; P < 0.05) and 
neoplasms of Sawaya functional grade III [8], located in the eloquent areas of 
the brain (3.8 ml vs. 0.23 ml, P < 0.05), as well as resection rate of the latter 
(88% vs. 95%, P < 0.05) were signifi cantly improved in the study group com-
pared to the control group.

Representrative illustrative cases

First case: A case of glioblastoma of 56-year-old woman of left parahip-1. 
pocampal gyrus. The patient was put in prone position and posterior 
interhemispheric approach has been adopted. Fig. 7A: Updated iMRI 
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demonstrating the tip of the bipolar forceps at the edge of the tumor in 
three dimensional images (axial, sagittal, and coronal). The lower right 
corner is the real-time microscopic picture. Fig. 7B: Preremoval updated 
iMRI fi gure demonstrating the presence of GBM at the left parahippoc-
ampal gyrus. Fig. 7C: After subtotal removal, there was a small remnant 
at the depth of the operative fi eld which was well demonstrated by up-
dated iMR images. Fig. 7D: After fi nal removal of the GBM, iMRI was 
taken and demonstrating complete removal of the tumor.
Second case: Another case of a recurrent left frontal GBM. The 2. 
operation was performed under awake craniotomy. Fig. 8A: The 
patient’s head with skin incision marking was fi xed by 4 pins’ head 
holder with special made coil. Fig. 8B: The fi rst iMR image demon-
strating the presence of a small recurrent tumor at the deep frontal 
lobe. Fig. 8C: The position of the tumor was well demonstrated by 
3-dimensional updated MRI planes with intraoperative real-time 
operating microscopic picture. For the removal of this small recur-
rent tumor, the approach site has been selected on the basis of lan-
guage mapping. Fig. 8D: During removal deep subcortical mapping 
was also performed with patient’s cooperation by awake surgery.

3.5 Complications

Nine patients in the control group (20%) and 24 in the study group (48%) 
experienced temporary postoperative neurological deterioration (P = 0.01). 
However, the rate of permanent morbidity, which was evaluated 3 months 
after surgery, did not differ signifi cantly between the groups investigated.
(13% vs. 14%) (P = 0.89).

3.6 Usefulness of diffusion tractography imaging (DTI)

Recent progress of diffusion tractography imaging (DTI) is remarkable as 
demonstrated in Fig. 9A, B. In Fig. 9A, pyramidal tractography demonstrated 
medial shift of the right pyramidal tract by the tumor, and in Fig. 9B the arcu-
ate fi ber tract in the temporal lobe is touched by the temporal glioma. To 
avoid the permanent complications, intraoperative tractography is mandato-
ry. Currently in Tokyo Women’s Medical University low magnetic fi eld 
strength (0.3 Tesla) open intraoperative magnetic resonance imaging (iMRI) is 

Fig. 8. Another case of a recurrent left frontal GBM. The operation was performed under 
awake craniotomy. A The patient’s head with skin incision marking was fi xed by 4 pins’ 
head holder with special made coil. B The fi rst iMR image demonstrating the presence of a 
small recurrent tumor at the left deep frontal lobe. C The position of the tumor. was well 
demonstrated by 3-dimensional updated MRI planes with intraoperative real-time operating 
microscopic picture. D For the removal of this small recurrent tumor, the approach site has 
been selected on the basis of language mapping, and also during removal deep subcortical 
mapping was also performed with patient’s cooperation in awake surgery
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Fig. 8. (Continued)
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used. As it is shown in the present study, such system is useful for the resec-
tion of intracranial glioma. Moreover, our recent experience shows that such 
MR scanner permits to obtain intraoperative diffusion-weighted images for 
the visualization of pyramidal tracts (Fig. 9C, D) as well as functional MR 
images for identifi cation of the motor cortex. Using specially developed coils 
(Fig. 6B) for the scanning of open brain surgery that provide higher signal-to-
noise ratio, represents signifi cant improvement of image quality, especially of 
contrast-enhanced tumors, which was refl ected in a higher resection rate of 
such neoplasms as reported in study group. Spatial separations of the opera-
tive table and MR gantry and removable head-holder coil provides freedom 
for any surgical manipulations, which can be done in both supine and prone 
position of the patient. Therefore, it seems that compared to other available 
systems our device has a very good cost-to-benefi t ratio.

Fig. 9. A Pyramidal tractography with right frontal glioma. The pyramidal tract was com-
pressed by the tumor (T2WI HI lesion). B Arcuate fi ber has been infi ltrated by the tumor (T2WI 
deep temporal HI). C Left frontal gliobloastoma (T1WI with Gd(+)), D Intraoperative pyramidal 
tractography demonstrating small shift of the tract superomedially by the tumor
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CONCLUSIONS

Modern brain neuronavigation – using AR navigation and “realtime” intra-
operative MRI updated navigation – allows to perform deep-seated opera-
tions more safely and accurately.
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BRAIN MAPPING
J.-C. TONN

INTRODUCTION

Brain mapping (BM), which nowadays is a distinct, inevitable surgical tech-
nique of intraoperative monitoring (IOM) within our specialty, had been a 
research tool for neurologists and neurosurgeons in the early days. Otfried 
Foerster (1873–1941) and Fedor Krause (1857–1937) used direct stimulation 
of the cortex to identify single functions like motor response or sensual per-
ception and their location within the cortex. This was facilitated by the fact 
that surgery of the brain was performed under local anaesthesia at that time 
allowing monitoring of function during surgery. Wilder Penfi eld (1891–1976) 
and Walter Dandy (1886–1946) intensifi ed these studies systematically, thus 
being able to describe the structural organization of motor function known as 
the “homunculus” which is the sketch of functions according to their locali-
sation on the cortex [9]. These fi ndings did not only encourage neurosur-
geons to push the frontier of their surgical challenges further and further as 
they learned and understood to preserve function. They were also the basis of 
topologic diagnosis in neurology – neurologists had been most interested in 
the mapping results obtained by neurosurgeons in order to understand the 
functional organisation of the brain and to refi ne their diagnostic procedure 
due to the knowledge of the functional anatomy. Penfi eld and Rasmussen 
[10] modifi ed the technique of direct brain stimulation for language monitor-
ing thus widening the scope of mapping towards more complex functions.

Today, brain mapping is an elaborated technique which allows the neuro-
surgeon to identify functionally relevant areas in order to use the methods of 
modern microneurosurgery and image guidance without endangering the pa-
tient’s neurological integrity. This is increasingly important since patients 
more and more expect neurosurgery to be safe and not being associated with 
procedure-related morbidity even in face of more complex procedures than 
ever before. Preservation of function today is as important as radicality in 
order to achieve successful surgery.

RATIONALE

IOM techniques are usually applied with the hope to reduce the frequency of 
postoperative defi cits and to maximize at the same time the complexity of the 

Keywords: brain mapping, surgery in eloquent areas
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procedure or the extent of tumor resection. Numerous studies have reported 
the feasibility of intraoperative BM and its possibly positive infl uence on 
clinical outcome scores [2, 11, 14, 15]. Brain mapping is achieved by direct 
cortical stimulation with bipolar stimulation forceps or a bipolar stimulation 
electrode. Alternatively, electrodes embedded into silicone sleeves in form of 
stripes or grids may be used (details see below). During stimulation with de-
fi ned parameters such as voltage, duration and intensity, either a function is 
elicited (such as motor response) or a function, asked for concomitantly, is 
suppressed (e.g. execution of language). Thus, function relevant sites are iden-
tifi ed. In general, the same can be performed by stimulating white matter 
tracts [1].

Intraoperative mapping of language functions requires a most demanding 
cooperation of the neurosurgical, anaesthesiological, and neuropsychological 
team.

Functional MRI (fMRI) analysis has been hoped for to overcome the ne-
cessity for direct mapping with cortical stimulation by making function 
“visible”. However, this imaging technique, which traditionally exploits the 
oxygen saturation effects of hemoglobine for delineation of activated corti-
cal regions during execution of specifi c tasks, has been shown to be strongly 
infl uenced by subject-specifi c parameters, cortical regions analyzed, and the 
statistical workup of the data (e.g. choice of threshold). Even more, only a 
moderate test-retest reliability of the fMRI mapping results has been ob-
served so far [3, 13]. In addition, the congruence of fMRI and BM data re-
mains unsatisfying: although very optimistic reports with sensitivity values 
up to 100% have been published for fMRI, the occurrence of misses (cortical 
sites found to be essential by BM but not being identifi ed by preoperative 
imaging) precludes the use of imaging data for guiding resections up to now. 
Validation of fMRI (as compared to BM) still remains diffi cult: The transfer 
of preoperatively generated fMRI data into a neuronavigation system easily 
sums up multiple technology related errors (such as mathematical deviation 
of the imaging data), which might be further aggravated by brain-shift ef-
fects after opening of the dura [7, 12].

New fMRI approaches using water diffusion tensor imaging permit more 
direct exploration of tissue metabolism [6]. Additionally, white matter tracts 
can be visualized by radiological “tractography” obtained during diffusion 
tensor weighted MRI. However, these data have not been functionally vali-
dated yet with intraoperative mapping of fi ber tract function [4, 5]. Thus, 
given these and other limitations, microsurgery in the vicinity of functionally 
relevant areas still should rely on the results of BM.

DECISION-MAKING

Candidates. Patients with a lesion or in whom the planned approach to the 
lesion is close to functionally relevant areas such as the motor strip or sites 
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possibly related to language function have to be considered potential candi-
dates for BM. Since due to modern neuro-anaesthesiological intraoperative 
management, patients in whom BM for identifi cation of cortical motor func-
tion is considered need not necessarily be awake during the procedure. Thus, 
any patient, even children are eligible for intraoperative mapping of motor 
function under general anaesthesia without muscle  relaxation.

Monitoring of language function, however, does require the patient to be 
awake during the procedure of testing. Moreover, patients who might be sub-
ject to mapping of language function must not have had severe aphasic distur-
bances preoperatively since these defects may be mistaken as defi cits elicited 
by the stimulation. Hence, a clear distinction between BM related “positive 
sites” with aphasic disturbances and pre-procedural morbidity would be im-
possible, rendering these persons no candidates for reliable intraoperative 
BM for language.

For language monitoring during “awake” procedures, patients have to be 
made familiar with the stimulus material and thoroughly be trained to per-
form the tasks before. The necessity for the patient to comprehend and coop-
erate explains why non-cooperative or non-oriented as well as very labile 
patients and young children have to be excluded from mapping procedures 
requiring the patient to be awake.

Patients with a history of epileptic seizures have to be adequately covered 
with anticonvulsant drugs before surgery.

In the following the mapping procedures are described according to the 
technique performed at the author’s institution. Mapping of language func-
tion is dealt with separately from mapping of motor function since the latter 
does not require special elements of so-called “awake craniotomy” (i.e. crani-
otomy under local anaesthesia).

SURGERY

1. LANGUAGE MONITORING (“AWAKE CRANIOTOMY”)

1.1 Patient information and preparatory training

Confrontation naming (naming of pictures of objects) is of widespread use as 
a basic task in mapping procedures for language relevant areas. Naming is a 
core component in language abilities being a reliable and robust method of 
identifying essential language sites [8]. Within three days prior to surgery, 
patients are informed in detail about the IOM procedure by the neuropsy-
chologist/neurolinguist who will also be responsible for the intra-operative 
testing. The patient is made familiar with the procedure, the stimulus mate-
rial and trained to perform the naming task. If a patient has diffi culties recog-
nizing or naming certain objects, these items are to be removed from the 
stimulus pool.
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1.2 Anaesthesiological monitoring and management

Spontaneous breathing is monitored by side-stream capnometry. In addition, 
continuous transcutaneous measurement of pO2 and pCO2 is installed. A 
fl exible tube with a foam tip is placed in a nostril allowing CO2-monitoring 
while the patient is breathing and speaking. Analgesia and sedation are in-
duced and maintained by continuous infusion of propofol (0.5–1.2 mg/kg) 
and remifentanil (0.05–0.01 μg/kg/min) with a dose titrated according to pa-
tients’ requirements and guided by the parameters of ventilation and gas ex-
change. It is aimed to maintain an optimal and reproducible performance of 
the patient during each step of test procedure.

In patients not yet treated with anticonvulsant drugs, phenytoin is admin-
istered (750 mg i.v.) at the beginning of surgery and then weaned off during 
the next two post-operative days.

1.3 Patient positioning

The major goal of intraoperative patient positioning is to maximize the com-
fort of each patient (in order to reduce distress and anxiety), to allow proper 
visualization of the screen presenting the stimuli, and to comply with the re-
quirements of the surgeon. On the OR table, the patient is bedded in a com-
fortable position supported by pillows. The head is elevated and turned about 
60° to the side. Fixation of patient’s head and neck is achieved by using a 
vacuum pillow (Schmidt GmbH, Garbsen, Germany) (comparable to those 

Fig. 1. Positioning of the patient’s head for awake craniotomy on a vacuum pillow
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used for stabilization of trauma patients) to avoid the usual head clamp. Local 
anaesthesia is performed by infi ltration of the planned skin incision with 
60–80 ml bupivacain hydrochloride 0.25%.

Drapes are fi xed by sutures surrounding the OR situs. After positioning 
the neuropsychological monitoring unit on the side contralateral to the pa-
tient’s lesion, the drapes are arranged in a way that the patient is able to rec-
ognize the presented stimuli on an LCD monitor.

1.4 Intraoperative cortical stimulation

Numbers, printed on sterilized paper (size 2  3 mm) are placed on the  exposed 
cortical surface. Prior to stimulation the operative situs is documented by 
photograph. We use a Nicolet Viking IV P eight channel monitoring unit and 
bipolar stimulation forceps (Fischer Leibinger, Freiburg, Germany). Electro-
physiological parameters are: square wave; 50/s; 0.2 ms; stimulation intensi-
ties at all sites starting with 8 mA and stepwise increments of 2 mA, if  necessary 
up to 16 mA. A photograph of the cortical surface with the numbers in place 
is taken immediately after the stimulation to be able to identify sites of  positive 
stimulation even later on. In case of seizures elicited during cortex  stimulation, 
ice cold (4°C) saline solution (0.9%) is irrigated onto the cortex. After com-
pletion of the mapping procedure, the paper numbers are removed and the 
patient is sedated for the microsurgical resection procedure. When resection 
is directed close towards language relevant areas, sedation is reduced, and the 
mapping procedure is repeated [11]. Stimulation of subcortical pathways is 
performed accordingly once white matter adjacent to fi ber tracts is exposed 
during dissection of the lesion.

1.5 Intraoperative language testing

Stimulus presentations are performed by means of a computer system via an 
LCD screen. After placement of the stimulation forceps to a cortical site, the 
stimulus presentation is started, which triggers electrical stimulation. During 
each stimulation (4 seconds’ duration), a line drawing of an object together 
with the carrier phrase “Dies ist …” (“This is …”) is presented to the patient. 
The task is to produce the carrier phrase plus the name of the object. The use of 
a carrier phrase allows discriminating language and speech errors. If the carrier 
phrase is produced correctly, three types of errors are possible: an aphasic ar-
rest (the object name is not produced at all), an aphasic disturbance (semantic 
or phonematic paraphasia instead of the object name) or a naming delay (the 
object name is produced only after a marked delay). Disorders of speech con-
cern also the production of the carrier phrase. If no utterance is produced at all, 
this is classifi ed as a speech arrest. If the utterance is dysarthric or marked by 
strain to speak, this is classifi ed as a speech disturbance. After occurrence of an 
error, at least one stimulus presentation is performed without stimulation to 
make sure that the patient is able to perform the task correctly again.
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1.6 Surgical strategy

The site of corticotomy has to be tailored according to the results of the corti-
cal mapping: To our experience, the distance of the cortical incision to areas 
of positive motor or language response should be 10 mm. Usually resection of 
tumor adjacent to eloquent regions is stopped when a safety distance of 
5–10 mm is reached.

2. MAPPING OF MOTOR FUNCTION

For electrophysiological mapping of the cortex or white matter tracts to de-
tect relevant sites for motor function, the patient may be operated under gen-
eral anaesthesia. The patient needs not to be awake for this procedure. Care 
has to be taken, however, to avoid muscle relaxation since this would elicit 
false negative results of stimulation! Patient positioning as well as the surgical 
setup in the OR do not have to be changed for this procedure. In order to be 
able to detect motor response of facial muscles, hand/arm and foot/leg, these 
regions have to be exposed to inspection by medical assistants who have to 
report any motor response related to cortical stimulation. Since the techni-
cian operating the monitoring unit for electrophysiological monitoring has to 
concentrate completely on this task, usually an additional person is required 
for the period of patient’s surveillance during stimulation.

Fig. 2. Language mapping: presentation of the drawings for the naming paradigm on a fl at 
screen (arrow) for the patient (right) during cortical stimulation with forceps (left)
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The parameters for electrophysiological stimulation and the surgical strat-
egy are the same as for language monitoring as described above.

HOW TO AVOID COMPLICATIONS

Possible major pitfalls to be avoided are (i) false/false negative results during 
the stimulation process (ii) adverse events of stimulation, i.e. epileptic  seizures 
(iii) adverse events of the patient being awake for language mapping, i.e.  panic 
or respiratory insuffi ciency.

 (i)  The surgeon has always to make sure that the equipment is working 
properly. Online measurement of electrical impedance at the elec-

Fig. 3. Cortical stimulation at pre-marked sites (sterile numbers) in the vicinity of a low grade 
tumor
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trode tip is standard on most equipment today; however, the tech-
nician using the setup has to be acquainted with and aware of this 
feature. Routine check-up of the conductive chain from electrical 
stimulator to stimulation electrode/forceps has to be conducted in 
each case. The stimulation parameters have to be checked regularly 
during the procedure, the technician and the neurosurgeon have to 
communicate this at the beginning of each series of mapping. An 
absolutely essential prerequisite for cortical mapping of motor func-
tion under general anaesthesia is to avoid any muscle relaxants! This 
has to be communicated extensively to the anaesthesiology team, 
each new anaesthesist stepping in during surgery has to be aware 
thereof!

 (ii)  To prevent epileptic convulsions due to cortical mapping, in our 
practice every patient receives anticonvulsant drugs at the day of 
surgery. Those who have been under medication already before just 
continue on the day of surgery. Those patients with no history of 
seizures and thus not currently treated with anticonvulsants receive 
phenytoine (750 mg i.v.) after initiation of general anaesthesia. This 
will be weaned off during the following two days.

(iii)  Patients being awake during parts of intracranial surgery have 
to be familiar with as much details of the procedure and the at-
mosphere in the OR as possible. Aside of getting familiar with 
the paradigms to be tested, the patient is thoroughly informed 
about the positioning on the OR-table, the draping, any proce-
dural steps of surgery as well as noises and actions that may come 
to his attention during the procedure. Positioning of the patient 
has to be as comfortable as possible on the OR-table. We allow 
enough time for the patient at the day of surgery to test and adjust 
himself to be as comfortable as possible to avoid any distraction 
of the patient due to pain or aching. During those phases of sur-
gery where cooperation of the patient is not required, he might be 
mildly sedated to be drowsy or to sleep. However, the end-expir-
atory pO2 has to be monitored very carefully by capnometry to 
avoid any situation of uncontrolled brain swelling or respiratory 
 insuffi ciency.

CONCLUSIONS

Brain mapping is an easy to use, very reliable, cost-effective and validated 
method to detect functional areas for brain surgery. With appropriate experi-
ence it is safe and well tolerated both by the patient and the surgical team. It 
remains still the gold standard for localization of relevant functional regions 
during microsurgery even in times of functional imaging with MRI.
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INTRAOPERATIVE NEUROPHYSIOLOGY 
IN NEUROSURGERY

V. DELETIS

INTRODUCTION

As a rule in any scientifi c discipline, especially in clinical neuroscience, a reli-
able and simple methodology is the ultimate goal. The same rule can be 
 implemented in the fi eld of intraoperative neurophysiology (ION), a sub-
discipline in clinical neurophysiology.

At the very beginning of its development, the original idea for ION was 
to evaluate online the functional integrity of the nervous system intraopera-
tively. But the practicality of this idea and its realization faced many prob-
lems, which resulted in the neurosurgeons’ lack of confi dence that ION could 
help them reduce neurosurgical morbidity. Eventually, a development in neu-
roanesthesia and new reliable and specifi c methods in monitoring different 
parts and tracts of the nervous system slowly contributed to the confi dence 
gained in using ION as an everyday practice.

In this chapter we will take a nonconventional approach to the present 
achievements and possibilities of ION as it continuous to prevent and docu-
ment intraoperatively induced injuries to the nervous system. In addition to 
these achievements, ION now serves as an excellent education tool for the 
young neurosurgeons.

METHODOLOGIES FOR MONITORING 
THE  FUNCTIONAL INTEGRITY OF THE MOTOR PATHWAYS

1.  MOTOR EVOKED POTENTIALS – MONITORING AND MAPPING 
OF THE  CORTICOSPINAL TRACT

These methodologies are represented in Fig. 1 and they are (a) the monitoring 
of fast conducting neurons of the corticospinal tract (CT) in the form of D- 
and I-waves by means of epidural electrodes and (b) monitoring of muscle 
motor evoked potentials (mMEPs) from the limb muscles. Both methods re-
quire the use of transcranial electrical stimulation (TES).

One method can substitute the other except in monitoring surgeries for 
intramedullary spinal cord tumors, in which it is essential to use both methods 
[6, 7]. Another example in using a monitoring combination of MEPs with 
somatosensory evoked potentials (SEPs) is presented in Fig. 2. The disap-
pearance of mMEPs can intraoperatively predict the motor outcome and 
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 distinguish between permanent versus transient motor defi cits. Furthermore, 
even in cases when mMEPs disappear, the D-wave presence encourages the 
surgeon to continue operating because, postoperatively, the patient will end 
up only with transient motor defi cits (Fig. 3). This is an important part of the 
ION methodology, specifi cally in surgeries for intramedullary spinal cord 
tumors.

In supratentorial surgeries, using both methods of MEPs monitoring gives 
us the same predictable results as those in intramedullary spinal cord tumor 
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surgeries, i.e., they can predict early postoperative motor status that distin-
guishes between permanent and transient motor defi cits (Fig. 4). Today, most 
of the neurosurgical centers use only mMEPs in supratentorial surgeries in 
combination with SEPs. The usefulness of mMEPS and SEPs combination is 
presented in Fig. 5, in which lesions of perforating branches to the internal 
capsula supplying the CT were damaged with consecutive mMEPs losses 
but with intact SEPs. This translates to what is referred to as “pure motor 
hemiplegia” in the postoperative clinical picture.

2.  THE D-WAVE COLLISION TECHNIQUE WITH INTRAOPERATIVE 
CT MAPPING OF THE SPINAL CORD

Further methodological development of recording D-waves has brought 
new methods in intraoperatively mapping the CT within the spinal cord 
(collision of the D wave) [4]. This technique allowed us to intraoperatively 
map and fi nd the anatomical position of the CT within the surgically ex-
posed spinal cord. It involves simultaneous TES of the motor cortex with 
concurrent stimulation of the CT from the surgically exposed spinal cord 
(Fig. 6).

The D-wave is elicited by TES and recorded cranially and caudally to 
the spinal cord tumor. Simultaneous to TES, we stimulated the surgically 
exposed spinal cord (caudal to the tumor site) with a miniature bipolar hand- 
held probe (#5522.010, Inomed GmbH, Germany). The tips of the probe 
were 1 mm apart and were delivering a constant current stimulus up to 2.5 mA 
in intensity, with 0.5 ms in duration and a repetition rate of 1 Hz. Whenever 
the stimulating probe was in close proximity to the CT, the D-wave, elicited 
by TES, collided with the “anti D-wave” elicited by the spinal cord stimula-
tion. The collision results in diminished amplitude of the D-wave recorded 
cranially to the lesion. This technique allows modifying the resection of 
spinal cord tumors (or other pathology) by helping the surgeon locate and 
“visualize” the CT tract position within the spinal cord.

Fig. 1. Top: Schematic (left) and actual illustration (middle) of electrode placement for 
transcranial electrical stimulation and direct stimulation of the motor cortex (right). C1, C3, 
Cz, C2 and C4 are the positions of the stimulating electrodes aligned over the projection of 
the motor strip to the head. Upper right is the schematic of the coronal posterior view to the 
motor cortex (in red) and corticospinal tracts (in pink) with an electrical fi eld between the 
stimulating electrodes. Schematics of the grid electrode (right) overlying the exposed motor 
and sensory cortexes Middle: Schematic diagram of the positions of the catheter electrodes 
(each with three recording cylinders) placed cranially to the tumor (control electrode) and 
caudally to the tumor to monitor the descending signals after passing through the surgery 
site (left). In the middle are D- and I-waves recorded rostrally and caudally to the tumor site. 
On the right, the placement of an epidural electrode is depicted percutaneously or through 
a fl avectomy/fl avotomy or when the spinal cord is not exposed. Bottom: Recordings of 
MEPs from the thenar, tibial anterior and abductor hallucis muscles after eliciting them with 
a multipulse stimulus applied  either transcranially or over the exposed motor cortex (Modi-
fi ed from ref. 2)
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Similar ways in CT-mapping, as the previously mentioned collision tech-
nique, have been used during cerebello-peduncular tumor surgeries, which 
are often burdened with a high incidence of CT-lesioning resulting in postop-
erative hemiplegia (Fig. 7). Usually, the initial incision to the cerebellar pe-
duncle results in a lesion to the CT.

Fig. 2. Neurophysiological monitoring during surgery for ISCTs. Incision of the dorsal 
median raphe (left panels): myelotomy is carried out by using a fi ne blade or laser. In 
spite of any attempts to stay within the median raphe (Panel I) to avoid damage to the 
dorsal column, SEPs are frequently compromised or lost during this surgical step (Panel 
II). Although the drop in amplitude is usually reversible, SEPs may remain unmonitor-
able for several hours. Removal of the tumor (right panels): there is direct access to the 
tumor after dorsal columns are separated. If there is no adequate lateral visualization to 
safely remove the tumor without excessive retraction to normal neural tissues, ultrasonic 
aspiration can be used to debulk the central part of the tumor (Panel III). At this point it 
is possible to gently dissect the tumor from the neural tissue. In doing so, traction on 
the corticospinal and other descending motor tracts can occur (Panel IV). Accordingly, 
muscle MEPs as well as epidural MEPs (D-wave) should be strictly monitored during this 
surgical step. The upper right panel shows the disappearance of the left tibialis anterior 
MEP during tumor removal. The lower right panel illustrates a stable D wave, which war-
rants good long-term motor outcome (see text for more details). Finally, the ventral part 
of the tumor is detached from the anterior spinal cord where perforating vessels from 
the anterior spinal artery are located (Panel V). Here again it is critical to monitor motor 
pathways since a vascular injury to the cord may result in an irreversible severe motor 
defi cit (From ref. 14)
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3.  MAPPING OF CRANIAL NERVES MOTOR NUCLEI AT THE FLOOR 
OF THE FOURTH VENTRICLE

During surgery for cervicomedullary junction tumors, the  medulla and 
brainstem have a high risk of lesioning to the cranial nerve motor  nuclei in ad-
dition to other very important and condensed structures in these miniscule 
anatomical spaces. The main features of these methodologies are presented in 
Fig. 8. Figure 9 presents a typical case for monitoring this type of surgery and 
follows each of the main steps of this procedure.

Figure 10, taken from the work of Morota et al. [12], shows typical examples 
of anatomical displacement of upper and lower cranial nerve motor nuclei due 
to the growth pattern of the brainstem tumors as revealed by this method.

4. MONITORING CORTICOBULBAR MOTOR EVOKED POTENTIALS

In order to overcome the limitations of the cranial nerve motor nuclei map-
ping methods, a new method has been developed to continuously monitor 
its functional integrity. This method operates with TES of the motor cortex 
and subcortical motor pathways with recordings of corticobulbar MEPs 

Principles of MEP Interpretation
             (spinal cord surgery)

Fig. 3. Principles of MEPs interpretation during surgery for intramedullary spinal cord 
tumors (From ref. [2])

Principles of MEP Interpretation
          (supratentorial surgery)

Fig. 4. Principles of MEPs interpretation during supratentorial surgery (Modifi ed from 
 refs. [17] and [6])
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(CoMEPs) from the muscles innervated by motor cranial nerves (Fig. 11). 
Further refi nement of this methodology is the monitoring of CoMEPs for 
vagal nucleus together with monitoring of the functional integrity of the va-
gal nerve. Details of placement of  recording “hook-wire electrodes” in the 
vocal muscles, after patient was intubated, are presented in Fig. 12.

Fig. 5. A new motor defi cit resulting from a subcortical stroke, following the perforating ma-
nipulation refl ected by the loss of transient MEPs and the subsequent deterioration of MEPs 
despite stable SEPs. Thenar MEPs and median nerve SEPs were recorded during dissection 
and clipping of an aneurysm on the basilar artery, superior cerebellar artery and the posterior 
communicating artery (PCOM) infundibulum via right pterional approach. MEPs impairment 
with no changes in the parameters of SEPs occurred during the manipulation of perforators 
from the PCOM. Postoperatively, the patient experienced a new slight hemiparesis, and brain 
CT scans revealed a small basal ganglia infarction (From ref. 13)
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SOMATOSENSORY EVOKED POTENTIALS

Monitoring of somatosensory evoked potentials (SEPs) along with brainstem 
auditory evoked potentials (BAEPs) is one of the oldest ION-methods. After 
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Fig. 6. Mapping of the CT using the D wave collision technique (see text for explana-
tion). A S1 = Transcranial Electrical Stimulation (TES). S2 = Spinal Cord Electrical Stimulation. 
D1 = Control D wave (TES only). D2 = D wave after combined stimulation of the brain and 
spinal cord. R = The cranial electrode for recording the D wave in the spinal epidural space. 
To the right: A tip of the hand held stimulating probe with a scale in millimeters. B Left: 
Negative mapping results (D1 = D2). Right: positive mapping results (D2 wave amplitude 
signifi cantly diminished after collision). C Intraoperative mapping of the CT within spinal 
cord in 44-year-old patient with intramedullary arterio-venous malformation at T3–T5 lev-
el. Stimulating probe delivering 2.5 mA current pulse in the close proximity with CT, re-
vealed by a decrement of the D2 wave in comparison with D1 wave (control) (Modifi ed from 
ref. 3)
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Fig. 7. Mapping and monitoring of the corticospinal tract (CT) during surgery to remove a 
left cerebral peduncle tumor in a 27-year-old woman. Bottom left: Preoperative axial view of 
T1-weighted MR image with gadolinium documented complete removal of the tumor. The inci-
sion was placed in the area where no response to the stimulation of the cerebral pedunculus 
was recorded (see middle right panel). Postoperatively, the patient had preserved preoperative 
motor function. Top right: Mapping of the CT on the cerebral peduncle is shown schematically. 
The cerebral peduncle is being mapped by a hand-held monopolar probe. As the probe neared 
the CT, responses were recorded from epidural catheter (middle right). Responses were consis-
tently repeatable. Stimulation intensity was 2 mA, stimulation rate was 4 Hz, and 4 responses 
were averaged. Middle left: Monitoring of the CT during tumor resection. After CT mapping, 
MEPs were continuously monitored by recording D waves epidurally after transcranial electri-
cal stimulation. The D waves remained stable throughout the procedure (From ref. 1)
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more than a half century of use and a tumultuous beginning of nonfulfi lled 
expectations that they could predict injury to the motor system, SEPs have 
come ahead and established their value as (a) an excellent predictor of the 
cortical ischemia, (b) an intraoperatively fi nder of the central sulcus (Fig. 13) 
and (c) the guideline for shunt placement during carotid endarterectomy.

We should not underestimate the value of this method, but it should be 
restrained as the indicator of the functional integrity of the sensory and not 
of the motor system.

INTRAOPERATIVE NEUROPHYSIOLOGICAL MAPPING 
OF THE DORSAL COLUMN OF THE SPINAL CORD

One of the interesting uses of SEPs is the dorsal column mapping method. 
This methodology can determine the anatomical position of the dorsal fi ssure 
and can correctly indicate a myelotomy, especially in surgeries for syringo-
myelic cyst and shunt placement (Fig. 14).

Fig. 8. Mapping of the brain stem cranial nerve motor nuclei. Upper left: Drawing of the 
exposed fl oor of the fourth ventricle with the surgeon’s hand-held stimulating probe in view. 
Upper middle: Sites of insertion of wire hook electrodes for recording the muscle responses. 
Upper right: Compound muscle action potentials recorded from the orbicularis oculi and 
oris muscles after stimulation of the upper and lower facial nuclei (upper two traces) and 
from the pharyngeal wall and tongue muscles after stimulation of the motor nuclei of the 
operating microscope with hand stimulating a fl oor of the fourth ventricle (F) Caudal to 
aqueduct Silvii (A) (From ref. 1)
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Dorsal column mapping (DCM) is based on two basic principles: fi rst, 
evoked potentials that travel through the dorsal columns can be recorded. 
Second, the site of the recording electrode where the maximum amplitude is 
attained represents the point on the electrode in closest proximity to the dor-
sal columns. For recording these traveling waves, a miniature multi-electrode 
is placed over the surgically exposed dorsal columns of the spinal cord. This 
electrode consists of eight parallel wires, 76 μm in diameter, 2 mm length, 
placed 1 mm apart and embedded in a 1 cm2 (approximately) silicone plate. An 
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extremely precise amplitude gradient is observed as the conducted potentials 
pass beneath the electrodes after right and left tibial and median nerve stimu-
lations. The amplitude gradient of the conducted potentials indicates the pre-
cise location of the functional midline corresponding to the dorsal fi ssure of 
the spinal cord (i.e., usually the optimal site for myelotomy).  This data can be 
used by the neurosurgeon to prevent injury to the dorsal columns, which 
could occur through an imprecise midline myelotomy. Thus, it is especially 
useful during surgery for intramedullary spinal cord tumors or during spinal 
cord incision for the placement of a shunt to drain syringomyelic cysts. The 
use of an Nd:YAG hand-held laser (SLT, Montgomeryville, PA) with a 200 μm 
tip for myelotomy is a prerequisite for optimal results and for avoiding col-
lateral thermal and physical damage to the dorsal columns.

INTRAOPERATIVE MONITORING OF THE SACRAL 
 NERVOUS SYSTEM

A relatively high percentage of pediatric surgical pathologies is in the lum-
bosacral (LS) spinal cord and sacral roots within the cauda equina, where the LS 
nervous system can be damaged. In the last few years, effective methods for the 
intraoperative testing of the LS nervous system have been developed [16]. We 
have had much success with these and will describe each in detail. From a di-
dactic standpoint, we have categorized these methods based on recordings of 
neurophysiological signals of sensory systems (“afferent events”) and record-

Fig. 9. Neurophysiological mapping of the fl oor of the fourth ventricle. A and B Sagittal and 
axial MR T1-weighted images of a 24-year-old female harboring a hemorrhagic pontine cav-
ernoma. The patient underwent surgery in semi-sitting position. After opening of the dura, 
an extensive neurophysiological mapping of the fl oor of the fourth ventricle was performed. 
CMAPs were recorded from muscles innervated by the right (R) and left (L) facial nerves. 
U upper, i.e. orbicularis oculi; L lower, i.e. orbicularis oris. C–F Left to right: stimulation in-
tensity thresholds, CMAPs and stimulation site on the fl oor of the fourth ventricle. Anatomy 
of the dorsal aspect of the brainstem is completely distorted by the cavernoma. Midline is 
shifted to the left and there are dyschromic areas on the ependyma. C When stimulating 
the dyschromic area in the lower pons, CMAPs are obtained from RU and RL at 0.5 mA. 
D This threshold signifi cantly increases up to 2 mA when stimulation is moved upward, 
where one would expect facial motor nuclei according to normal anatomy. E moving stimu-
lation downwards and to the left side, threshold drops again to 0.7mA but still elicits CMAPs 
from right side muscles. Finally, moving the hand-held probe to the far left, CMAPs from left 
side muscles are elicited at a very low intensity (0.4 mA). G Schematic drawing summarizing 
mapping results. Facial nerve motor nuclei appeared to be signifi cantly displaced caudally 
with respect to the location where they were expected, according to normal anatomy. More-
over, left nuclei were displaced very laterally and the physiologic midline was also moved to 
the left. The safest entry-point turned out to be located in the upper pons. It is noteworthy 
that, without mapping, the surgeon would have been tempted to enter the brainstem in the 
area with a more marked dyschromia of the ependyma, since one would expect this route to 
give the shortest access to the cavernoma/hematoma. Interestingly, as seen in C, this area 
corresponds to that with one of the lowest thresholds (0.5 mA) and entering the brainstem 
here would have likely resulted in postoperative facial palsy (From ref. 15)
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ings of signals from motor systems (“efferent events”). In intraoperative moni-
toring practice, they have been incorporated in one set of monitoring protocols 
(Fig. 15).

1. AFFERENT EVENTS

After electrical stimulation of the dorsal penile or clitoral nerves, a variety 
of neurophysiological signals can be recorded along the sensory pathways 
conveying this information to the brain. Recording of cerebral SEPs from 
the scalp after such stimulation has been shown to be very useful in the test-
ing of patients with sacral involvement. Unfortunately, due to its high sen-
sitivity to anesthetics, it cannot be used intraoperatively.

Fig. 10. Typical patterns of cranial nerve motor nuclei displacement by brain stem tumors 
in different locations. Upper and lower pontine tumors: Pontine tumors typically grow to 
push the facial nuclei around the edge of the tumor, suggesting that a precise localiza-
tion of the facial nuclei before tumor resection is necessary to avoid their damage during 
surgery. Medullary tumors: Medullary tumors typically grow more exophytically and com-
press the lower cranial nerve motor nuclei ventrally; these nuclei may be located on the 
ventral edge of the tumor cavity. Because of the interposed tumor, in these cases mapping 
before tumor resection usually does not allow identifi cation of cranial nerve IX/X and XII 
motor nuclei. Responses, however, could be obtained close to the end of the tumor resec-
tion when most of the tumoral tissue between the stimulating probe and the motor nuclei 
has been removed. At this point, repeated mapping is recommended because the risk of 
damaging motor nuclei is signifi cantly higher than at the beginning of tumor debulking. 
Cervicomedullary junction spinal cord tumors: These tumors simply push the lower cra-
nial nerve motor nuclei rostrally when extending into the fourth ventricle (From ref. 12)
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Fig. 11. Schematics in intraoperatively eliciting and recording of corticobulbar motor 
evoked potentials (MEPs from muscle innervated by motor cranial nerves). Lower left: Sche-
matic of positioning stimulating electrodes over the scalp. Upper left: Schematic of cortico-
bulbar pathways innervating motor cranial nerves nuclei (VII, IX, X, XII). Middle: Positioning 
of recording electrodes inserted in orbicularis oris (N VII), pharyngeal (N IX), tongue (N XII) 
and vocal muscles (N X) for monitoring corticobulbar MEPs. Right: Typical examples of 
CoMEPs recorded from cranial motor nerves innervated muscles

1.1 Dorsal root action potential (DRAP)

DRAP recording (Fig. 15, inset 2) in the pudendal nerve afferent fi bers, or the 
“pudendal neurogram” (the more frequently used term), is the mapping 
method most frequently used for selective dorsal rhizotomy to relieve spas-
ticity in children with cerebral palsy.

In this surgery, the DRAP is used to quantify the amount of pudendal af-
ferent fi bers coming from dorsal penile or clitoris nerves and entering the 
spinal cord via each of the S1, S2 and S3 dorsal roots. The DRAP is evoked by 
an electrical stimulation of the penis or clitoris via two cup electrodes fi xed on 
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Fig. 12. Composed photograph of the larynx with the endotracheal tube (middle). A 
Needles with hook wire electrode. B Hook wire electrode placed in the right vocalis muscle. 
C Insertion of the electrode through the rigid laryngoscope. D Recording of the CoMEPs 
from vocalis muscle

Fig. 13. Identifi cation of the central sulcus obtained by the phase reversal of the median 
nerve cortical somatosensory evoked potentials. Right: Schematic drawing of the exposed 
brain surface with a grid electrode position orthogonally to the central sulcus. Left: Recorded 
evoked potentials phase reversed between electrodes 6 and 7, showing a “mirror image” of 
the evoked potential between motor and sensory cortex, indicating the central sulcus lying 
between electrodes 6 and 7 (From ref. 2)
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the dorsal surface of the penis or one on the clitoris and another on the adja-
cent labia. To record the DRAP, the surgeon frees a dorsal root and isolates it 
from its neighbors by lifting it outside the spinal canal using a hand-held bi-
polar hook electrode.

For the purpose of selective dorsal rhizotomy, an S2 root is spared if it car-
ries pudendal afferents. If it is essential to cut the S2 root, it is best to divide it 
into rootlets and cut only those that do not carry pudendal afferent fi bers.

A recent study in 105 cerebral palsy children, it was shown that the distri-
bution of pudendal afferents in individual patients was highly asymmetrical 
(with respect to both side and sacral roots). One of the most striking aspects 
of this asymmetry was that 7.6% of patients in this series had all pudendal af-
ferent fi bers (from the right and left pudendal nerves) entering the spinal cord 
via the S2 roots only. These data can explain the signifi cant urogenital and 
sexual dysfunction after a relatively restrained injury to the sacral roots. We 

Fig. 14. Dorsal column mapping in an 18-year-old patient with a syringomyelic cyst between 
the C2 and C7 segments of the spinal cord. Upper right: MRI showing syrinx. Lower middle: 
Placement of miniature electrode over surgically exposed dorsal column; vertical bars on 
the electrode represent the location of the underlying exposed electrode surfaces. SEPs after 
stimulation of the left and right tibial nerves showing maximum amplitude between elec-
trodes 1 and 2 (lower left and right). This data strongly indicates that both dorsal columns 
from the left and right lower extremities have been pushed to the extreme right side of the 
spinal cord. Using this data as a guideline, the surgeon performed the myelotomy using a 
YAG laser through the left side of the spinal cord and inserted the shunt to drain the cyst 
(upper left). The patient did not experience a postoperative sensory defi cit (From ref. 8)
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suggest that mapping the DRAP during selective dorsal rhizotomy be manda-
tory if S2 roots are considered for lesioning. Furthermore, we suggest that this 
method should be used in any surgery where S2 roots can be damaged.

1.2  Pudendal SEP – stationary wave

This potential, obtained by electrically stimulating the dorsal penis or clitoris 
nerves (Fig. 15, inset 3), sometimes called spinal segmental response, can easily 
be recorded when the conus region and root entry zone from S2 to S4 roots are 

Fig. 15. Neurophysiological events used to intraoperatively monitor the sacral nervous sys-
tem. Left: “Afferent” events after stimulation of the dorsal penile or clitoral nerves and re-
cording over the spinal cord: (1) pudendal SEPs, traveling waves; (2) pudendal DRAPs; and (3) 
pudendal SEPs, stationary waves, recorded over the conus. Right: “Efferent” events: (4) anal 
M wave recorded from the anal sphincter after stimulation of the S1–S3 ventral roots, (5) anal 
motor-evoked potentials recorded from the anal sphincter after transcranial electrical stimu-
lation of the motor cortex, and (6) bulbocavernosus refl ex obtained from the anal sphincter 
muscle after electrical stimulation of the dorsal penile or clitoral nerves (From ref. 2)
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Patient: W.A., 4y
Dg: Cerebral palsy

Patient: Z.M., 4y
Dg: Cerebral palsy

Patient: R.S., 4y
Dg: Cerebral palsy

Patient: L.M., 6y
Dg: Cerebral palsy

Patient: L.M., 3y
Dg: Cerebral palsy

Patient: M.G., 4y
Dg: Cerebral palsy

Fig. 16. Six characteristic examples of DRAP showing the entry of a variety of pudendal 
nerve fi bers to the spinal cord via S1–S3 sacral roots. Symmetrical distribution of DRAPs 
confi ned to one level, S2 (A) or three levels (D). Asymmetrical distribution of DRAPS confi ned 
to the side (B), only one root (C and F), or all roots except the right S1 (E). Recordings were 
obtained after electrical stimulation of bilateral penile/clitoral nerves (From ref. 16)

exposed. If an electrode is placed precisely over this anatomical structure, a 
high amplitude potential could be recorded, representing interneuron activity 
of the gray matter of the S2 to S4 spinal cord segment that is generated by sen-
sory afferents from the bilateral dorsal penis/clitoris nerve.

1.3  Pudendal SEP – traveling waves

This potential (Fig. 15, inset 1) is rarely recordable from the dorsal column 
of the spinal cord and has rather low amplitude (1–2 μV). Due to the rare 
recordability and low amplitude, we did not fi nd this potential suitable for 
intraoperative monitoring of the sacral nervous system integrity.

2. EFFERENT EVENTS

Three kinds of motor events can be recorded intraoperatively from the motor 
part of the sacral nervous system: motor evoked potentials from the anal 
sphincter (anal MEP), the M wave after direct stimulation of motor roots of 
the cauda equina, and the bulbocavernosus refl ex. Each of these events repre-
sents a different kind of activity that belongs to the motor part of the sacral 
nervous system.
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2.1 Anal sphincter M wave

Mapping of S1, S2 and S3 motor roots that contribute to the motor part of the 
pudendal nerves can easily be performed by directly stimulating the exposed 
cauda equina with a hand-held probe, and by recording the electrical activity 
from the anal sphincter muscle (anal M wave) through tiny wire hook electrodes 
inserted preoperatively in the right and left hemisphincter muscles (Fig. 15, inset 
4). Mapping motor sacral roots within the cauda equina can be very useful in 
detecting a “hidden” root within the tumor or by testing the phylum terminale 
for adherent sacral roots during untethering of a tethered  spinal cord.

2.2 Anal MEP (anal sphincter muscle MEP)

This efferent response from the anal sphincter can be elicited and monitored 
by transcranial electrical stimulation over the C1/C2 scalp points (Fig. 15, 
inset 5), in  similar fashion as TES for eliciting MEPs from the limb muscles. 
The recorded response indicates the functional integrity of the descending 
pathways for suprasegmental volitional control to the anal sphincter, as well 

Fig. 17. Auditory pathway drawing within the anatomy of the brain stem with BSAEP gen-
erators. CN Cochlear nuclei, SOC superior cochlear complex, LL lateral lemniscus, IC inferior 
coliculus. MGB medial geniculate body, BIC brachium of inferior coliculus (From ref. 10)
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as the  motor part of the pudendal nerves, from the anterior horn to anal 
muscle. Sometimes deep anesthesia can be an obstacle for eliciting anal MEP.

2.3 Bulbocavernosus reflex (BCR)

The BCR is an oligosynaptic refl ex mediated through the S2–S4 spinal cord seg-
ments, elicited by electrical stimulation of the dorsal penis or clitoris nerves with 
the refl ex response recorded from any pelvic fl oor muscle (Fig. 15, inset 6). The 
afferent paths of the BCR are the sensory fi bers of the pudendal nerves; its refl ex 
center is the S2–S4 spinal segment, the efferent paths are the motor fi bers of the 
pudendal nerves and anal sphincter muscles. In neurophysiological labs, the 
BCR is usually recorded from the bulbocavernosus muscles, and this is where it 
gets its name. The advantage of BCR monitoring is that it tests the functional 
integrity of three different anatomical structures: sensory and motor fi bers of 
the pudendal nerves and gray matter of the S2–S4 sacral segments. A preserved 
refl ex indicates the preserved integrity of all of these structures. Also, this refl ex 
can be recorded in babies as young as 24 days.

3.  MAPPING AND MONITORING OTHER SENSORY AND MOTOR ROOTS 
WITHIN CAUDA EQUINA

Other motor roots of the cauda equina (L1 to S1) can be mapped by record-
ing the M wave after electrical stimulation of the exposed cauda in a similar 
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Fig. 18. Intraoperative BSAEP to a right ear stimulation recorded during surgery for a right 
acoustic neuroma, shown before (top) and after (bottom) retraction of cerebellum. The most 
prominent change in BSAEP was an increase in the I to III waves interpeak interval of more 
than 1 ms, refl ecting a stretching of the eighth nerve. The smaller change in the III to V inter-
peak interval may refl ect an effect of the retraction on the brainstem (From ref. 9)
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fashion as for the anal M wave. The electrical activity from the appropriate 
myotomes should be recorded.

By electrical stimulation of the tibial nerves at the ankle or popliteal fossa, 
recording of the stationary wave over conus can be achieved. Furthermore, the 
traveling waves can be recorded more proximal over the spinal cord. This can 
be done with the same electrodes as for pudendal SEPs. By using these meth-
ods, monitoring of the sensory roots of the cauda equina, dorsal horns, and 
dorsal columns can be achieved.

BRAINSTEM AUDITORY EVOKED POTENTIAL

The brainstem auditory evoked potential (BSAEP) represents the far fi eld 
electrical activity recorded from the auditory nerve and brain stem auditory 
nuclei and pathways. BSAEP consists of the seven waves generated in the 
auditory pathway and nuclei (Fig. 17), but for our practical use, only the fi rst 
fi ve are important. This defi nition encompasses only a short latency of 
BSEAP. Each of the main fi ve waves in BSAEP is generated by one or more 
anatomical structures within the brainstem. Therefore, their latency and ap-
pearance can intraoperatively indicate the functional integrity of the dorsal 
part of the brainstem where these generators are located. The methodology 
to continuously monitor intraoperatively the BSEAP is mainly used during 
surgeries for acustic neurinomas, posterior fossa surgeries and microvascular 
decompression in trigeminal neuralgias.

It has been accepted that the interpeak latency between waves I and III 
represents the functional status of the acoustic nerve, while the III to V wave 
interpeak latency for functional integrity of the dorsal part of the brainstem 
is from the striae medullares to the inferior coliculi (Fig. 18).
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SPECIFICITIES OF, AND CHANGES IN,
 PEDIATRIC NEUROSURGERY

M. CHOUX

INTRODUCTION

The very fi rst text dealing exclusively with a pediatric neurosurgical subject, 
“Brain tumors in infancy and childhood”, was published in 1936 by Dandy. 
The second major book dedicated to pediatric neurosurgery, “Neurosurgery 
of Infancy and Childhood”, was written by Ingraham and Matson in 1954 
[6]. Before the 70ies, Pediatric Neurosurgery (PN) was performed only by 
individuals and in a few centers. Between 1960 and 2000 several PN cen ters 
or departments were established, as well as national or international pediatric 
neurosurgical societies. The fi rst independent PN department was founded in 
Toronto in 1964 by Bruce Hendrick; however, Raul Carrea was director of a 
pediatric neurosurgical unit in Buenos Aires as early as in 1956. The fi rst in-
ternational society, the European Society for Pediatric Neurosurgery (ESPN), 
was founded in Vienna in 1967, with an offi cial journal entitled “Child’s 
Nervous System”. To date the ESPN organises regular post-graduate courses. 
The International Society for Pediatric Neurosurgery (ISPN) was founded in 
1972 in Chicago by A. Raimondi, R. Carrea, S. Matsumoto, K. Till and my-
self, with an annual meeting.

Today, the discussion whether to consider PN a speciality or a subspeciality 
seems to be over. Pediatric neurosurgery, as C. Di Rocco pointed out in 1993, 
is neurosurgery applied to children [4], but it has its own criterias and specifi ci-
ties since children are more than young adults. It is more convenient and safe to 
have pediatric patients in a pediatric environment, with pediatric nurses, a pedi-
atric operating theatre, pediatric anesthetists and a pediatric intensive unit.

Is it desirable for PN to exist worldwide as an independent speciality? In 
selected places, where neurosurgery is well established yet, the answer might 
be yes, but this does probably not apply to most of the developing countries 
where we rather need neurosurgeons interested and trained in PN instead of 
exclusive pediatric neurosurgeons. However, centers of reference may be 
suitable in some places, where diffi cult cases like those with craniopharyngi-
omas, pineal tumors or craniofacial abnormalities may be safely investigated, 
managed and followed.

In order to illustrate some radical changes that occurred in the last decades in 
pediatric practice, we have selected three main pediatric neurosurgical diseases 
as hydrocephalus, craniopharyngiomas, and craniosynostoses.

Keywords: cranial traumas, brain injury, craniopharyngiomas, hydrocephalus, 
craniosynostoses, childhood, pediatric neurosurgery
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MANAGEMENT OF HYDROCEPHALUS

The management of hydrocephalus has seen signifi cant changes since the fi rst 
implanted shunt in 1949. I remember the period in the sixties, when a hydro-
cephalic child was considered a potentially and inevitably handicapped pa-
tient. These children were unable to attend a normal school or even to have a 
proper social or family life and additionally had to cope with the various me-
chanical or infectious complications of an internal shunt. Thus, the families of 
such hydrocephalic patients knew that a complicated evolution was near to 
normal and considered a fatality.

Fortunately, since 1980, signifi cant progresses were observed, not only in 
shunt complications, but also regarding the development of alternatives to 
shunt implantation, mainly endoscopic procedures. Complications, such as 
disconnection of catheters, subcutaneous effusion of liquid, exteriorisation of 
the valve, or malplacement of the ventricular catheter have nowadays become 
rare.

The main factor of progress was certainly the surgeons’ rigour regarding 
the surgical technique of shunt implantation, as the future of the implanted 
shunt depends on what happens during the 30 min of the shunt implantation. 
The choice of the material and the etiology are of less importance for us. 
We could demonstrate these facts by changing our protocol of shunt implan-
tation in order to approach an infection rate of 0%. Our change in 1983 was 
due to our infection rate of 9%, independently of age or etiology. This was 
published in 1992 in the Journal of Neurosurgery [2]. The new protocol, 
which started in 1983, included the following items. In our publication the 
importance of the technical details was emphasized, such as minimal cranial 
and abdominal incisions, with a maximum length of 3–4 cm, a narrowest bone 
trepanation, a careful pre-operatory selection of the material, a simplest right 
angle ventricular catheter, without reservoir or connector, a correct ventricu-
lar catheter orientation from the occipital level to the frontal horn, a single 
ligature between the ventricular catheter and the valve (most of the peritoneal 
catheters being attached to the valve), an introduction of a long peritoneal 
catheter (30–40 cm) in order to avoid secondary lengthening of the catheter, 
and a careful skin closure. The duration of an operation remains an important 
factor; we think that the intervention should not exceed 30 min in ex-
perienced hands. In this protocol we did not deliver pre- or post-operative 
antibiotics. Only a per-operative intravenous injection of Kefandol was 
administrated.

The choice of the valve always remains controversial since at the present 
time more than 130 different types of valves are available on the market. But 
what are the most important criteria for choosing a valve then? I remember 
the conclusion of the “Shunt Book” written by two experts in hydrocephalus, 
J. Drake and C. Sainte Rose in 1995: “At this time, there is no shunt system 
or device which has been scientifi cally proven to be superior to any other” [5]. 
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Consistant with their conclusion, for me the most important criterion in the 
selection of a shunt remains its price, especially for developing countries. 
Therefore, the Foundation of the WFNS since 2007 sponsors the Chabra-
Shunt, a cheap shunt produced by an Indian company at the price of 35 USD. 
A recent paper by B.C. Warf, published in 2005 in Journal of Neurosurgery 
(Pediatrics) on 195 children in Uganda, concluded that there were no statisti-
cally signifi cant differences in any outcome category for patients receiving 
the Chabra compared to a Codman-Hakim shunt system [10]. Moreover, we 
have for many years been interested in the management of hydrocephalus in 
the developing world, considering that the incidence of hydrocephalus is in-
creasing in developing countries according to the percentage of the pediatric 
population and the lack of prenatal diagnostics, whereas it is decreasing in 
developed countries due to the prenatal diagnostics.

Regardless of its short duration, a shunt implantation should be performed 
with an adequate care, as most of the patients with hydrocephalus are ini-
tially neurologically and intellectually intact. A correct treatment without 
complications should maintain the same normal conditions. Therefore, a 
shunt implantation should be given appropriate attention and not be consid-
ered a minor procedure, done by the youngest untrained resident at the end 
of the day, after the “major operations” have been done.

Alternatives to shunts represent other crucial changes in the approach of 
the management of hydrocephalus. We currently know that a defi nitive inter-
nal shunt may be avoided in more than 30% of the cases. If causal treatment 
options are available, for instance in cases with brain tumors or cysts, a shunt 
may become redundant. In cases with a posterior fossa tumor with sympto-
matic hydrocephalus, an endoscopic third ventriculostomy represents the 
fi rst step and we do not insert an internal shunt routinely. Furthermore, in 
patients who had been provided with a shunt prior to the tumor removal, we 
try to withdraw it secondarily after a few weeks.

Another alternative to shunt are external drainages, for example in cases 
with tumors or hemorrhage or infection. Following the same protocol the 
infection rate is not higher for external drainage than for an internal shunt. 
Endoscopic approaches represent the main progress that we have observed in 
the treatment of hydrocephalus, not only as an initial procedure but also in 
case of revision. We know now that this technique may be used in patients 
younger than one year and that it can be repeated as well.

MANAGEMENT OF CRANIOPHARYNGIOMAS

The second example which illustrates signifi cant changes in the philosophy of 
pediatric neurosurgery is the management of craniopharyngiomas. Treatment 
still remains controversial; it must be carefully discussed since a wrong initial 
decision may have defi nitive and irreversible consequences. The eighties rep-
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resent the decade of enthusiasm for craniopharyngioma surgery, and we, as 
well as H. Hoffman, F. Epstein, J.F. Hirsch or C. Di Rocco, were in favor of 
a radical removal. In 1991 we published a monograph that presented a col-
lection of 474 pediatric cases studied by members of the ISPN [3]. We pre-
sented our personal experience of 108 cases of craniopharyngiomas in patients 
under the age of 16, managed since the MR era and with a minimal follow-up 
of 8 years. After this “gross total resection” period, a change occurred regard-
ing the acceptance of the post-operative consequences, mainly endocrine dis-
turbances. What was considered inevitable and acceptable complications for 
many years cannot be accepted anymore. Following the recent opinion of 
C. Sainte-Rose, just like a swinging pendulum, we moved from aggressive to 
conservative treatment.

Surgical removal,1)  either total or subtotal, remains the fi rst option in 
most cases. Prior to the intervention, the anatomical relationships of 
the tumor and the hypothalamus, the optic pathways, the pituitary 
stalk, the brainstem, the vessels and the dura must be carefully taken 
into consideration. The consequences of a large removal, mainly a 
severe post-operative endocrine defi cit, eventually associated with 
hypothalamic dysfunction, are well-known. Obesity, growth retar-
dation and diabetes insipidus remain major endocrinal problems after 
surgery. Moreover, all the preoperative endocrine symptoms are ag-
gravated after surgery. According to our experience a total removal 
may be possible in 70% of the cases, but after a so-called radical re-
moval the recurrence rate is between 15% and 38% in the recent lit-
erature, 20% in our series.

             We agree with Tomita’s conclusion, who in 2005 stated that “be-
cause of the often unacceptably high complication rates and the lack 
of 100% prevention of recurrence following radical tumor resection, 
there has been a growing advocacy for a less invasive tumor resection 
followed by adjuvant therapy” [9]. Endoscopic approach now repre-
sents an interesting way in the management of this tumor. The major-
ity (55%) of craniopharyngiomas represent a mixed type and 36% are 
cystic, allowing an initial endoscopic approach in order to empty the 
cyst and thus preparing for the surgical resection.
There is no indication for conventional irradiation at the pediatric 2) 
age. 3D conformational irradiation may be an option after incom-
plete removal or in cases of recurrence. Stereotactic radiosurgery 
can also be useful for recurrent lesions or in cases of tumor. In a co-
operative study achieved in the radiosurgical department by J. Régis, 
44 cases of craniopharyngiomas were treated by radiosurgery, with a 
reduction in size in 21 patients, a stabilization in 16; 7 cases showed 
failure. Recently protontherapy has been promoted with promising 
results.
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Another interesting alternative treatment is 3) stereotactic intracystic 
injection of radioactive agents, such as Phosphorus 32, Rhenium 
186, Yttrium 90, or Interferon.
Chemotherapy with intracystic injection of Bleomycin4)  through a 
catheter has been used in our department since 1991 up to 2005, with 
positive results in nearly 40% of the cases.

These different options may be used as isolated treatments or in 
combination.

The selection of a therapeutical option must trade the clinical consequenc-
es of each option off against the risk of recurrence. Children without or with 
minimally signifi cant ophthalmological deterioration, or without or with 
minimal endocrinological defi cit, will be managed in a different way than 
children with more severe visual or endocrine symptoms. The quality of life 
should remain the goal of our decision.

MANAGEMENT OF CRANIOFACIAL ABNORMALITIES

The surgical management of craniofacial anomalies in children is also an ex-
ample of the extraordinary changes that occurred in the recent years. The fi rst 
surgical approaches for craniosynostosis were described at the beginning of 
the last century, and at this time nearly all the cases were diagnosed as oxyc-
ephaly. A revolution started in 1967, when Paul Tessier, a plastic surgeon, 
published his famous article on “Total facial osteotomy: Crouzon’s syndrome, 
Apert’s Syndrome, oxycephaly, scaphocephaly, turricephaly” in Annales de 
Chirurgie Plastique [8]. He was the fi rst who pointed out the necessity to 
consider the skull and the face as an entity. He clearly described the selection 
criteria for craniofacial surgery: the type of malformation, its degree of mon-
struosity, the existence of a mental retardation, whether the child will enter a 
school, the family situation, the risks in vital functions, the functional risks, 
the severity of the operation, the resources of bone grafts and at last the expe-
rience acquired by a team working together.

The craniofacial team includes a neurosurgeon, a plastic surgeon, a 
neuroanesthetist, an intensive care unit, a pediatric neuroradiologist, an or-
thodontist and dentist, an otorhinolaryngologist, an ophthalmologist, a ge-
netician, a pediatrician and a speech specialist. Such a group of specialists 
may be concentrated in the same place only in a few centers. The British 
Society of Neurosurgery in 1993 pointed out that the minimum population 
required for a major Cranio-Facial Unit should be around 8 million. The 
solution could be to have Centers of Excellence where all types of craniofa-
cial diseases would be managed safely [7]. Expertise in craniofacial surgery 
implicates not only a team, but also the ability to perform a suffi cient 
number of cases, with an estimated minimum of 30 cases of different types 
and ages per year.
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For craniofacial abnormalities investigations include standard X-rays, bi-
dimensional CT, MRI and 3D reconstruction (Shaded Surface Display and 
Volume Rendering). The surgical planning has to be supported by three di-
mensional computer aid. Furthermore, an increased intracranial pressure 
may exist in some types of craniosynostoses, for example brachycephaly, ox-
ycephaly, Crouzon’s disease or Apert Syndrome; therefore, ICP monitoring 
can be indicated in some cases. Genetic studies are indispensable in the initial 
investigations and are part of the routine investigation.

The main reasons for surgery are aesthetic factors, psychological and so-
cial factors and/or functional factors: raised intracranial pressure symptoms, 
ophthalmological manifestations, malocclusion of the mouth or nasopharyn-
geal obstruction.

Do all craniosynostoses require surgical treatment? The answer is, cer-
tainly not. In our series only 63% of scaphocephalies, 85% of plagiocephalies, 
64% of trigonocephalies and 64% of oxycephalies were operated on. We 
know that in case of occipital asymmetrical deformation the cause is a posi-
tional molding in more than 80% of the cases. Consequently surgical indica-
tions should be exceptional, as the correction can be obtained in few months 
by wearing a helmet.

Furthermore, the timing for surgery is essential. We have seen an inter-
esting historical evolution, with a surgical correction done generally after 
one year of age before 1965, an earlier surgery – i.e., before 6 months 
during the period of 1970–1980, whereas now we are waiting until the age 
of 6–8 months.

At present, anesthesiological problems are well-known and better con-
trolled, namely positioning, blood loss, hypothermia, hypotension, air embo-
lism, or brain edema. The reasons of possible complications are the duration 
of surgery and the low weight of most of the patients. Again we have to men-
tion the importance of having anesthesiologists and intensive care familiar 
with this type of surgery.

Technically we have seen important improvements in the recent years, i.e. 
at the level of skin incisions, less blood loss, or different material for osteo-
synthesis, from silk, nylon or metallic ligatures to resorbable plates and screw 
or absorbable material with ultrasonic rivet. Minimally invasive endoscopic 
techniques have been introduced since 1995, especially for scaphocephaly. 
Two or four short incisions allow the removal of a sagittal piece of bone from 
the coronal level to the lambdoid level. The advantages are a possible shorter 
and safer operation, the reduction of associated costs, less blood loss and a 
shorter in-hospital time.

In Crouzon’s disease the fronto-orbital advancement must be done in the 
fi rst months after birth. The facial advancement (Lefort II or III) must be done 
ideally at the age of 10–12 years. Now, with distraction techniques introduced 
by Renier and Marchac in 1995, an earlier correction of the face is possible in 
the fi rst years of life. This distraction may be external, or, preferably, internal. 
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The risks of complications in facial advancement with a distractor are much less 
important than they were at the time of complex surgical advancement type 
Lefort III. There is no doubt that we will see the development of distraction 
techniques for other types of craniosynostoses in a near future.

CONCLUSIONS

Confronted with a neurosurgical disease in a child, the pediatric neurosur-
geon is part of a trilogy, the two others being the patient and the parents. The 

Table 1. Outline of revised protocol for shunt implantation

preoperative period
 assessment of patient
   localized skin problem
   general medical condition
 no shaving (except in older children undergoing revision)
 skin preparation (povidone iodine or chlorhexidine)
 no antibiotic medications

shunt implantation
 theater schedules/timing
   shunts early in the morning, before other operations
   neonates and infants before older children
   no more than four shunt procedures per day
   length of operation: 20–40 min
 theater staff
   only four people in operating room (surgeon, assistant, anesthesiologist, 
    circulating nurse)
   no scrub nurse
   experienced neurosurgeon
 shunt material
   careful selection of shunt
   opening sterile packaging at last moment
   no testing of valve
 surgical technique
   two skin incisions
   meticulous hemostasis
   careful siting of valve/reservoir
   quality of skin closure
 antibiotic medications
   prophylactic intravenous antibiotic 30 min before skin incision

postoperative period
 head position – avoid pressure on valve
 no antibiotic medications
 two shampoos
 approximate length of stay:
   4 days (fi rst shunt)
   2 days (shunt revision)
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parents cannot be ignored at the time of the discussion preceding the surgical 
decision. We have to keep in mind that they usually do not have a medical 
background and therefore do not know the exact sense of medical terms. 
Sometimes they have performed some internet research and the information 
at their disposal might be rudimentary and incomplete, if not wrong. This 
discussion regarding the child’s surgical treatment should take place in a quiet 
and undisturbed environment, the parents seated, without being interrupted 
by a mobile phone or other persons, allowing them to completely understand 
all options and to ask questions if necessary. Visualisation of the radiological 
exams or a simple drawing may be very useful as well. The parents have to 
actively participate in the decision-making. An appropriate preparation of the 
parents is generally followed by a better follow-up, especially in cases of se-
vere or complicated diagnosis. This “complicity” between the patient, the 
parents and the pediatric neurosurgeon is one of the most the fascinating part 
of our job.

A pediatric neurosurgeon is fi nally a general neurosurgeon with a specifi c 
interest and expertise in pediatric neurosurgery. In a few places he will be 
dedicated to the treatment of children exclusively; in other places he will be 
dedicated to it partially.

The question what training pediatric neurosurgeons should go through 
remains crucial. All neurosurgeons in training should have experience of key 
pediatric neurosurgical problems, particularly those that may present as an 
emergency. All neurosurgeons in training need a minimum of 6 months of 
involvement in pediatric neurosurgical practice. On the other side, we have 
always emphasized the necessity of having a large neurosurgical experience 
before taking the decision to practice specifi cally pediatric neurosurgery; 
there would be a real danger to have an exclusively pediatric training.
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CRANIAL TRAUMAS IN CHILDREN
A. V. CIUREA

INTRODUCTION

Head injury is the leading cause of death and disability in children.
Most common causes of head injury are falls, child abuse, sport accidents, 

assaults and motor vehicle accidents. According to age distribution of head in-
jury, two risk groups are identifi ed: 0–4 years old and 15–19 years old. Boys are 
affected by head traumas at twice the rate of girls.

RATIONALE

Growing and development process from infant-toddler to teenager implies 
important, general and specifi c, anatomical and functional particularities of 
central nervous system (CNS). In each phase of development, there is a dis-
tinctive response to external damaging factors. Because of these age-related 
particularities, in children there is an immediate posttraumatic response com-
pletely different from that in adults.

Although children tolerate larger space-occupying, traumatic or nontrau-
matic, lesions than adults, consequences are similar.

Physical exam of a child with traumatic brain injury (TBI) must be quick 
and safe, and consists of several steps:

Assessment of airway, breathing and circulation (ABC exam)• 
Checking for signs of cervical spine cord injury (rare in young chil-• 
dren), and cervical spinal immobilization
Evaluation of level of consciousness, pupils’ size, and their reaction • 
to light
Assessment of local traumatic injuries• 
Neurological exam, calculating trauma scores, according to trauma • 
scales used into respective neurosurgical department
General physical exam, and for polytraumas, determination of MISS • 
(Modifi ed Injury Severity Scale)
Establishment of useful paraclinical tests• 

Neurologic exam of the child must be individualized according to the age 
and level of consciousness.

Keywords: cranial trauma, brain injury, childhood
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DECISION-MAKING

1. PEDIATRIC COMA SCALE

For children we must use pediatric scales, according to age. The most impor-
tant neurotrauma pediatric scale is the Pediatric Coma Scale (PCS) [9]. This 
scale evaluates eye opening response, verbal response and motor response to 
stimuli (Table 1). The aggregate score is the sum of the scores of the individ-
ual categories.

Table 1. Pediatric Coma Scale [9]

Category Score

Eye opening
Spontaneously 4
To speech 3
To pain 2
None 1

Verbal response
Oriented 5
Words 4
Vocal sounds 3
Cries 2
None 1

Motor response
Obeys command 5
Localizes pain 4
Flexion to pain 3
Extension to pain 2
None 1

Normal aggregate scores differ according to age:

0–6 months  9
6–12 months 11
1–2 years 12
2–5 years 13
>5 years 14

PCS is used in evaluation of brain injury severity in preverbal children. 
Scores must be adjusted according to child’s age:

During the fi rst 6 months, best verbal response is crying, so normal verbal 
score expected is 2, and best motor response is usually fl exion with a normal 
motor score expected of 3.

Between 6 and 12 months, a normal infant makes noises, so normal verbal 
score expected is 3, an infant will usually locate pain, and so normal motor 
score expected is 4.
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Between 12 months and 2 years, recognizable words are expected, so nor-
mal verbal score expected is 4, and the infant will usually locate pain but not 
obey commands, so normal motor score expected is 4.

Between 2 and 5 years, recognizable words are expected with a normal 
verbal score expected of 4, and the infant will usually obey commands, so 
normal motor score expected is 5.

Children older than 5 years are oriented, aware of their  location (home, 
hospital), so normal verbal score expected is 5.

In conclusion, PCS is extremely useful for all pediatric TBI, in perfectly 
connection with the age. Besides, this scale is very easy to work with.

2. GRADING OF TRAUMATIC BRAIN INJURY

Grading the severity of TBI in children should be done, as in adults, accord-
ing to GCS (Glasgow Coma Score) in: minor head injury (HI) (GCS of 13–
15), moderate HI (GCS of 9–12) and severe HI (GCS of 3–8). Each category 
has specifi c diagnosis, evaluation, management, different treatment strategies, 
complication, and particular outcome.

Head Injury Severity Scale (HISS) [10] introduces two new  criteria:

Minimal TBI• : GCS of 15 points, no loss of consciousness (LOC), no 
posttraumatic amnesia (PTA)
Mild TBI• : GCS of 14 points, brief LOC for less than 5 min, PTA
Moderate TBI• : GCS of 9–13 points, LOC for more than 5 min, focal 
neurological defi cit
Severe TBI• : GCS of 5–8 points
Critical TBI• : GCS of 3–4 points

More accurate grading of TBI must also take into consideration other im-
portant criteria, such as mechanism of injury (e.g. the fall off a swing is a more 
aggressive mechanism of trauma, than fall from the same level, etc.), LOC, 
PTA, vomiting, and posttraumatic  seizures.

2.1 Minor head injury

Almost 90% of pediatric HIs are minor. The child which has sustained mi-
nor HI is alert, with a normal neurologic performance, and presenting in-
constant vomiting. GCS is 13–15 points. Local exam may show scalp lesions: 
epicranial hematoma, skin abrasions or lacerations. Minor HI are graded as 
follows.

Grade 0 minor HI – no LOC, impact-site-localized pain, bruises, • 
scalp abrasions, epicranial hematoma; CT scan is not necessary, the 
patient is discharged home with instructions.
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Grade 0 with risk minor HI – no LOC, but the patient belongs to the • 
following categories: extreme age, history of neurosurgery, ventricu-
loperitoneal shunt, seizures, anticoagulant therapy, drugs or alcohol 
abuse (very rare in children); CT scan is performed, and the patient is 
admitted for at least 24 hours.
Grade 1 minor HI – LOC, PTA, persistent headache, vomiting, large • 
scalp wounds; CT scan must be performed within the fi rst 6 hours 
after trauma, and the patient requires hospitalization even if the CT 
scan, native and bone window, is normal.
Grade 2 minor HI – GCS of 13–14 points, LOC maximum of 30 min, • 
no focal defi cits; the patient requires CT scan and hospitalization.

Skull X-ray positive for a skull fracture requires head CT scan, native and 
bone window, and admission for observation of the child. CT scan can show 
a small size focal lesion, located within a noneloquent area, lacking of neuro-
logical signs. In this case, HI is not considered minor anymore. In that condi-
tion, the classifi cation of HI, according to the severity should be done only 
after craniocerebral diagnostic imagery scan.

The child is discharged home but only after informed consent of parents. 
Both the parents and child must be aware of persistent or increased headache, 
vomiting, changes within level of consciousness, drowsiness, seizures (single 
or multiple posttraumatic seizures lasting more than 2 min) – situations in 
which they must contact immediately a neurosurgeon. Occurrence of any 
of these signs requires immediate neurosurgical reexamination of the child. 
CT scan is mandatory for children with neurosurgical interventions and 
shunted patients. Also CT scan is mandatory in all road accidents, passenger 
or pedestrian, and in child abuse. In these two situations, CT scan will be 
extended to cervical spine.

2.2 Mild head injury

According to HISS, a child with mild HI has GCS of 14 points, brief 
LOC for less than 5 min, and PTA. Mild HI is of great importance in chil-
dren because of the possibility of multiple posttraumatic neurobehaviour 
sequellae. Children presenting with mild HI may subsequently deterio-
rate and die from intracranial causes, situation known as “talk and die” 
syndrome.

2.3 Moderate head injury

In moderate HI there is a history of trauma with LOC, changes in mental 
status, repeated vomiting, and focal neurological defi cit. The child may pres-
ent, even during examination, LOC or seizures. Local exam may show scalp 
lesions: epicranial hematoma or, more frequently, skin abrasions or lacera-
tions. GCS ranges between 9 and 12 points.
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Immediate CT scan and admission into a pediatric neurosurgical depart-
ment are mandatory. Therapy is individualized according to age, type of in-
jury, PCS, Children Coma Score, Trauma Infant Neurological Score, and 
GCS, CT scan and evolution.

Children with favorable outcome, with normal neurological exam, and 
normal CT scan can be discharged after few days hospitalization and can be 
observed at home.

2.4 Severe head injury

The child with a severe HI is unconscious, often immediately after the injury, 
and has a GCS between 3 and 8 points (comatose patient). Clinical exam of a 
posttraumatic unconscious child consists of assessment of vital signs, neuro-
logical exam, pupils’ size their reaction to light, brainstem refl exes, checking 
for cervical spinal cord injuries, etc., and obtaining history of trauma.

A CT scan, native and bone window, is performed immediately, and ac-
cording to the neuroimaging result the child is admitted into the pediatric 
intensive care unit (PICU) or is taken directly into the operating room, where 
specifi c treatment is initiated [2]. It is better to extend the CT scan to cervical 
spine and in road traffi c accidents to thoracic and abdominal area [2]. All 
these patients with severe HI are in comatose status and must be admitted to 
a PICU with special facilities for infants, toddlers and children.

3. PARACLINICAL FINDINGS

Paraclinical examination in newborns and infants can be done by transfonta-
nelle ultrasonography, but in general the investigation is unsatisfactory. Gold 
standard examination in TBI is native CT scan. In selected cases, MRI can be 
performed. CT scan examination can be repeated according to initial fi ndings, 
lesion transforming risk, and clinical outcome. Also cervical spine investiga-
tion should be made.

Special indications for CT scan in children with TBI:

Newborn and infants under 3 months• 
Suspected child abuse or shaken baby syndrome• 
Scalp lesion: bruise, swelling, wound over 5 cm in diameter, in chil-• 
dren under 1 year old
Trauma Infant Neurological Score greater than 2, in children under • 
2 years old
Children Coma Score less than 14, in children over 2 years old• 
GCS less than 15, persisting 2 hours after trauma• 
Focal neurological defi cits, LOC, abnormal mental status, drowsiness• 
Antero- or retrograde PTA, lasting more than 5 min• 
Persistent vomiting (in general, more than 3 times)• 
Posttraumatic seizures, in children with no history of epilepsy• 
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Open skull fracture, depressed skull fracture, anterior tense fonta-• 
nelle
Signs for a skull base fracture: hemotympanum, “raccoon’s eyes”, • 
Battle’s sign
CSF leakage: rhinoliquorrhea, oroliquorrhea, otoliquorrhea• 
Potential dangerous traumatic mechanism: high-speed road traffi c ac-• 
cident, fall from height of greater than 3 m, etc.
Coagulopathies, anticoagulant therapies• 
History of neurosurgical operation or ventriculoperitoneal shunt• 

SURGERY

1. SPECIFIC POSTTRAUMATIC PATHOLOGY IN CHILDREN

The specifi c posttraumatic pathology in children depends on child’s age, and 
craniocerebral anatomical and functional particularities of the newborn and 
growing child. According to age, HI has several characteristics for newborn 
and infant, age less than 6 months; infant and toddler, age ranging from 6 
months to 2 years; preschool child, aged from 2 to 5 years; school child, age 
between 6 and 12 years; and teenager, over 13 years.

1.1 Caput succedaneum

Caput succedaneum is encountered during the neonatal period, and it is a 
consequence of a prolonged labor or instrumented delivery. Caput succeda-
neum is a scalp swelling extending across the midline and over suture lines. It 
is usually of no clinical importance and spontaneously resolves within a cou-
ple of days after birth.

Puncture is indicated in large-volume caput succedaneum, together 
with prophylactic antibiotherapy, initiated for preventing the occurrence of 
infection.

1.2 Subaponeurotic (subgaleal) hematoma

Subaponeurotic hematoma is a collection of blood developing between the 
periosteum and galea aponeurotica. It is less common than the other extracra-
nial injuries. It can be caused by a forceps delivery or vacuum extraction. It 
can contain a large amount of blood and crosses suture lines. Subgaleal hem-
orrhage is a potentially life-threatening complication of delivery, which can 
lead to hypovolemic shock in newborns, with pallor, hypovolemia, tachycar-
dia, and hypotension. Differential diagnosis between epicranial collections is 
of great importance. Subaponeurotic hemorrhage requires immediate treat-
ment consisting of blood transfusion (in order to maintain normovolemia) 
and repeated evacuation by thick needle.



503

CRANIAL TRAUMAS IN CHILDREN

1.3 Cephalhematoma

Cephalhematoma (CPH) is a newborn-specifi c posttraumatic lesion. It is a 
subperiosteal hemorrhagic collection caused by rupture of blood vessels be-
tween skull and periosteum. Usually the CPH is unilateral and most com-
monly over the parietal bone. It is limited to one bone by the attachment of 
the periosteum to the sutures. An underlying linear skull fracture may also be 
present. CPH appears within hours of delivery as a soft, fl uctuant swelling on 
the side of the head. CPH are usually small and require no treatment.

CPH spontaneously withdraw within the fi rst three months, without any 
surgical treatment or tap. In cases with persistent collection or infection, 
CPH requires evacuation through incision or tap. Usually a simple punction-
ing with a thick needle evacuates the hemorrhagic collection (Fig. 1).

Surgical treatment is performed in calcifi ed lesion (Fig. 2): Wide, arcuate 
incision of the skin in “horse shoe”, generally in parietal area, on the border 
of CPH; large scalp dissection; exposure of calcifi ed collection; step-
by-step resection with continuous wax hemostasis; level adjustment in the 
parietal region; careful hemostasis; no external drainage is needed, compres-
sive bandage.

1.4 Posttraumatic subarachnoid hemorrhage

Posttraumatic subarachnoid hemorrhage (SAH) in newborn is a consequence 
of prolonged labor or forceps delivery. It is caused by rupture of small veins 
bridging the leptomeninges. Usually, if subarachnoid hemorrhage in mini-
mal, it lacks clinical signs. Internal hydrocephalus occurs in a few weeks time 

Fig. 1. Cephalhematoma. Evaluation by tapping
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if the quantity of blood is greater. The treatment of subarachnoid hemorrhage 
is symptomatic.

Posttraumatic SAH in childhood has the same clinical features like in adults. 
The clinical monitoring and CT scan are necessary to appreciate the outcome in 
this situation, also in pediatric minor head trauma. Generally, posttraumatic 
SAH is an important predictive factor of obstructive internal hydrocephalus.

1.5 Diffuse brain swelling

Diffuse brain swelling (DBS) in newborns is due to birth asphyxia and sec-
ondary reperfusion. DBS is mixed, by vasogenic and cytotoxic edema.

The diagnosis is established by CT scan and the treatment is specifi c, ac-
cording to the clinical status. The particularity of DBS in children is repre-
sented by its early onset. It is very severe and often is followed by diffuse 
cerebral ischemia (“black brain”).

Posttraumatic DBS can accompany any cerebral lesion in children and it 
requires intracranial pressure (ICP) monitoring. After failure of conservative 
therapy, bilateral decompressive craniectomy may be needed as the last-resort 
treatment strategy. In children, bilateral decompressive craniectomy improves 
neurological outcome and diminishes death risk [5]. The necessity of decom-
pressive craniectomy and duraplasty is especially important in children due 
to lack of response to usual therapies in the treatment of intracranial hyper-
tension [6] (Fig. 3).

1.6 Skull fractures

Skull fractures in newborns are extremely rare. Following diffi cult labor, a 
depressed skull fracture may be encountered.

Fig. 2. Calcifi ed cephalhematoma, surgical approach
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Linear skull fractures are usually of no clinical signifi cance and require no 
specifi c treatment, only to be followed up for epidural hematoma. Diastatic 
fractures are traumatic disjunctions of suture lines and, usually, do not re-
quire surgery but will be followed up because of the risk of transforming into 
a growing skull fracture (GSF). In simple depressed skull fractures with or 
without focal neurological defi cits or seizures, surgical elevation is indicated.

Depressed skull fractures. Depressed skull fractures are classifi ed as closed 
(simple fracture) or open (compound fracture). Closed depressed skull 
 fractures require surgical therapy according to the depth of deformity. A par-
ticularly type of newborn fracture is “ping-pong” fracture. It is usually en-
countered in parietal bone and requires  surgery.

Surgical technique for “ping-pong” fractures (Fig. 4): Linear arcuate skin 
incision 4 cm long, posterior to the depressed skull fracture; burr hole in the 
middle of the incision; by means of a periosteal elevator, introduced through 
the burr hole, into the epidural space beneath the fracture, the depressed bone 
is elevated; wound closure.

Surgery for depressed fracture, closed or compound, situated over the su-
perior sagittal sinus (SSS), is made after performing a CT scan with coronal 
and sagittal reconstruction or an angiography with venous phase, in order to 
evaluate the caliber and patency of the sinus beneath the impacted bone.

Surgical technique for fractures over the SSS (Fig. 5): Medial,  rectangular 
free bone fl ap, centered over the SSS; elevation of the bone fl ap, with  careful 

A

B

C

D

Fig. 3. Wide hemicraniectomy. Schematic of the skin incision and “trauma fl ap”. (A) Wide 
skin incision for “trauma fl ap”. (B) Tragus, (C) 1 cm in front of tragus, (D) zygomatic arch
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removal of bone fragments; repairing of the SSS. Tachocomb is used to cov-
er the rent within the sinus. A surgicel strip is packed over, and periosteal 
graft is brought into the fi eld and sewed over the surgicel strip and over the 
sinus. Closure with periosteum or aponeurotic galea, in surget manner, 
in narrow step, after dural closure, covering with Tachocomb and surgicel; 
 dural  repairing of SSS must be performed carefully, in order to not 
lose blood (in children there is a bigger risk for developing hemorrhagic 
shock); bone placement and wire fi xation; wound closure; possible external 
drainage.

Compound fracture, containing bony fragments depressed or not with 
dural laceration represents an emergency for surgery. Also CT scan can 
show associated hemorrhagic subdural collection that needs mandatory 
surgical evacuation. Bone fragments must be elevated carefully, and lacera-
tions of the dura will be treated by dural graft. Cortical laceration must be 
solved because it is an epileptic focus. Also, careful hemostasis must be per-
formed. Cranioplasty with methylmethacrylate is performed if bone frag-
ments could not be replaced. We recommend cranioplasty only in children 
older than 3 years (Fig. 6).

Growing skull fracture. Generally, growing skull fracture (GSF) is found 
in children under three years old. It is usually located in the parietal region, 
and the reported incidence is only 0.05 to 0.1% of skull fractures in child-
hood. Pathogenesis of GSF consists of three phases. First, a linear skull frac-
ture with periosteum tear and dural laceration occurs, then healing of the 
fracture margins is hindered by the presence of an intracranial hypertension 
syndrome, with invagination and entrapment of arachnoids into a diastatic 
fracture. During the last phase, there is an important bone diastasis, associated 
with leptomeningeal herniation and elevated intracranial pressure [4].

A B
Fig. 4. Surgical technique for depressed “ping-pong” fracture. A Skin incision at the border 
fracture. B Periosteal elevator, introduced through the burr hole
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History of trauma, clinical aspects and CT scan establish the diagnosis. 
The treatment of GSF is exclusively surgical. Sometimes it requires bone de-
fect grafting.

Surgical technique for GSF (Fig. 7): Skin fl ap in “horse shoe” with the 
fracture in the center; identifi cation of the leptomeningeal cyst protruding 
through the skull fracture; opening the leptomeningeal cyst to evacuate its 
contents; the cyst is collapsed, revealing the borders of the fracture; extend-
ing the fracture to a craniectomy with the aid of a  Kerrison until free bor-

A

B

C

Fig. 5. Surgical technique for fracture over the SSS. (A) Depressed skull fracture in the SSS 
area. (B) Surgical approach by craniotomy and removal the bone fragments. (C) Dural tight 
closure with periosteal graft or other materials
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ders of the dura on both sides of the fracture are  exposed; once the borders 
of the dura have been found, duraplasty is performed by a patch formed of 
periosteum, lyophilized dura, temporal fascia, fascia lata, or artifi cial dura, 
tightly sutured to the borders of the dura; cranioplasty. We recommend 
cranioplasty in children older than 3 years old; Wound  closure.

Skull base fractures. Skull base fracture are suspected in the presence of some 
characteristic signs, such as periorbital (“raccoon’s eyes”) or postauricular 
 ecchymosis (Battle’s sign), epistaxis, otorhagia, etc., and are diagnosed by CT 
scan. They require surgical treatment only in the presence of a CFS fi stula, with 

A B

C D

Fig. 6. Surgical approach in compound depressed fracture with dural laceration. A General 
view of the depressed compound fracture. B Plastic skin incision in “S” shape and fracture 
fragments removal. C Arrangement of the dura mater rims and surgical approach of the brain 
laceration with large dural opening. D Tight dural suture in narrow step
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rhinoliquorrhea or otoliquorrhea, in cases of failure of conservative therapy. 
Frontobasal fractures are a frequent pattern of injury in children less than 5 
years of age.

Imaging studies assess the location of the dural tear in CSF leakage. Sur-
gical treatment must close dural defect, and if possible bone defect as well. 

A B

C D

Fig. 7. Surgical technique for growing skull fracture. A Large “horse shoe” in the parietal 
area with the tap of the leptomeningeal cyst. B Bone fragments removal till normal dural 
rim. C Removal of the brain laceration and duraplasty with periosteal graft-tight suture. 
D Cranioplasty
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Surgical approach can be classical, transcranial extra- or intradural, or trans-
nasal transsphenoidal endoscopic in CSF leakage with rhinoliquorrhea, dif-
fi cult in children. Rents in the cribriform plate, the region of the planum 
sphenoidale, the superomedial surface of the orbit, and the posterior surface 
of the petrous bone, may be closed through intradural or extradural ap-
proaches. Breaches in the medial region of the greater wing of sphenoid, 
along the arc extending from the foramen spinosum through the superior 
orbital fi ssure, and over the tip of the petrous bone, are properly approached 
intradurally [8]. Extradural approach allows the surgeon to plug the  fracture 
line with bone fragments, bone dust, to cover bony repair with periosteum 
and to close dura mater. Indirect approach, performed by transsphenoidal 
route, consists of packing the sphenoidal sinus with fat tissue, a muscle 
graft, and a plug of bone, and antibiotherapy [8]. Generally, after complete 
clinical assessment and CT scan, a combined team with neurosurgeon, oph-
thalmologist, oromaxilofacial surgeon is needed for repairing dural defect 
and craniofacial skeleton.

Brain concussion. Brain concussion is a transient LOC or disorientation, 
as a result of a closed head trauma. Length of alteration of consciousness re-
mains controversial, but it is accepted to last longer (even for a few hours), if 
after regaining consciousness the child has a normal clinical examination and 
a normal CT scan. Concussion is a diffuse posttraumatic lesion, due to a tran-
sient and completely reversible disturbance in neuronal function, a synaptic 
disconnection in glial-neuronal junctions, and glial-capillaries connection. 
Alteration of function of ion transmembranal channels and levels of neuro-
transmitters with a secondary functional reversible block occurs.

Neurological exam is normal, and the diagnosis is usually retrospective. 
The child presents with pallor, delayed verbal and motor responses, in the 
absence of any morphologic changes. Toddlers may present with drowsiness, 
vomiting and posttraumatic seizures, and older children may have antero- or 
retrograde PTA. CT scan shows no evidence of traumatic lesion. The treat-
ment is exclusively symptomatic and observation of the child.

Brain contusion. Brain contusion is a focal posttraumatic lesion,  secondary 
to external traumatic forces or it can arise in cerebral herniations. Contusions 
are well defi ned and induce neurological changes due to local parenchymatal 
changes, mass effect or cerebral herniation.

Traumatic forces induce vascular injuries, endothelial cell, basal lamina 
and glia lesions. Vascular disruption causes intraparenchymatal hemorrhagic 
foci. On the other hand, neurons lack the metabolic support. Leptomenin-
geal layer, pia mater and arachnoids are intact.

Size and number of contusions depend on previous conditions of the brain 
(blood supply, volume of intercellular space, etc.), intensity and direction of 
traumatic forces. The lesion has a progressive character, evolving either to 
limiting the hemorrhagic lesion and resolution, or to growing in size, number 
and extent of contusions.
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Clinical fi ndings depend on the location in an eloquent area, cortical or 
deep location, size, number and extend. Clinical pattern may be minor, mod-
erate or severe TBI, intracranial hypertension, with or without focal neuro-
logical defi cits. The diagnosis and follow-up are performed by CT scan.

Treatment is pathogenic and symptomatic. It is focused on impairment of 
contusion extension, prevention of secondary lesions, and improvement in 
clinical behavior. Surgery usually is not required in children but they will be 
under clinical and CT scan observation.

Brain laceration. Brain laceration is a focal posttraumatic lesion with a 
complete disruption of brain parenchyma, hemorrhage and tissue necrosis, and 
tearing of pia mater. It is found in 2–3% of children sustaining head injury.

Brain laceration can be:

Direct brain laceration, without craniocerebral wound, located at the • 
impact site, beneath the skull fracture, often a depressed skull frac-
ture, and with craniocerebral wound, when all anatomical layers till 
the brain parenchyma are torn
Indirect brain laceration, through a “contre coupe” mechanism• 

Besides, brain lacerations are grouped into:

Pure traumatic cerebral lacerations, without other intracranial lesions • 
(especially hematomas)
Traumatic cerebral lacerations associated with subdural hematoma• 
Traumatic cerebral lacerations associated with intracerebral hematoma• 
Cerebral lacerations associated with a nontraumatic intracerebral he-• 
matoma

Clinical fi ndings depend on location and size of the lesion and associated 
injuries (hematoma).

The diagnosis is made by CT scan. Usually is accompanied by a hemor-
rhagic collection, which differentiates it from contusion. The treatment 
 depends on the type and size of lesion and the development of intracranial 
hypertension syndrome development.

Direct brain laceration with craniocerebral wound always requires surgi-
cal treatment.

Brain lacerations without craniocerebral wound are treated conservatively 
or surgically (rare in children), according to the clinical aspect. Focal neuro-
logical defi cits or elevated intracranial pressure depend on the location, size and 
number of lesions, and associated injuries, such as secondary  hematomas.

Craniocerebral wounds in children and penetrating head injury. Crani-
ocerebral wounds and penetrating head injury are rare in children. In 
 penetrating head injury, all anatomic structures, scalp, skull, dura mater, lep-
tomeningeal layer and brain parenchyma are involved. Many bizarre injuries 
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were reported caused by pencils, keys, power drills, glasses, chopsticks, ani-
mal claws and iron bars.

According to the nature of traumatic agent, two categories of craniocere-
bral wounds are distinguished: gunshot craniocerebral wounds and cranioce-
rebral wounds produced by different agents other than gunshots.

Generally, gunshot craniocerebral wounds are encountered in children in 
war zones. Local exam shows traumatic mark and neurological exam evalu-
ates the level of consciousness, focal neurological syndrome, and meningeal 
syndrome.

Classical skull X-ray and CT scan, showing the extent of the lesion and 
the presence of associated injury, complete the diagnosis.

A

C D

B

Fig. 8. Surgical technique of the craniocerebral wound. A Large arcuate skin incision. B 
Craniectomy in normal bone with craniotome and bone fragments removal. C Removal of 
lacerated dura mater and brain laceration. D Tight dural closure and bone reposition
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Urgent surgical treatment is mandatory, and its purpose is the removal of 
the bone fragments and cerebral detritus, reconstruction of anatomical layers, 
and antibiotherapy.

Surgical technique in craniocerebral wounds (Fig. 8): Skin incision, from 
the corners of the wound, with resection of contused borders of the wound; 
extraction of superfi cial foreign bodies; hemostasis; bone lesion evaluation: 
Craniectomy is performed if bone lesion is limited, and bone fragments are 
removed, if there is a large, compound fracture; removal of lacerated dura; 
removal of brain laceration. Clots and foreign bodies are removed by lavage 
with saline and mild suction. Excision of cerebral debris until healthy tissue 
is found; hemostasis; tight dural closure. Sometimes dural defect requires a 
duraplasty. For this can be used a patch of periosteum, lyophilized dura, tem-
poral fascia, fascia lata or artifi cial dura sutured to the borders of the normal 
dura mater; dura mater suspension; bone reposition, and wire fi xation; wound 
closure.

Epidural hematoma. Epidural hematoma (EDH) is a posttraumatic en-
docranial blood collection between the inner table of the skull and dura mater 
and results from tearing of dural blood vessels.

Epidural hematoma may be:

Convexital•  supratentorial or cerebellar. The source of bleeding is usu-
ally arterial, meningeal middle artery, fracture, diastatic fracture (dip-
loic veins).
Suprasinusal•  (over the superior sagittal or transverse sinus). The source 
of bleeding is usually venous.

Usually EDH is unilateral and located most frequently in the temporopari-
etal region, followed by frontal and occipital regions, and less common vertex 
and posterior fossa. Pediatric acute EDHs are quite rare, with a frequency of 
occurrence around 3% of all head injury. The frequency rises with age, accord-
ing to the increased severity of HI in older children. Diagnosis must be quick 
and urgent surgery is needed.

Generally in children below 3 years old, EDH is uncommon, because of 
endocranial adherences of dura mater to the inner table. In newborns, EDH 
is extremely rare and can occur in prolonged labor. Several cases with fetal 
EDH were recently reported, they were diagnosed by ultrasonography and 
MRI: fetal supratentorial EDH secondary to a maternal abdominal trauma, 
and fetal posterior fossa EDH without history of trauma. Unfortunately, 
there is no effi cient therapy in these cases so far.

EDH is often associated with other posttraumatic lesions such as skull 
fracture, contusion, and subarachnoid hemorrhage.

Clinical feature of EDH include the following: immediate post traumatic or 
delayed LOC, focal neurological defi cits, intracranial  hypertension, and pro-
gressive worsening in cerebral herniation. The clinical signs depend on the 
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source of bleeding, which assert the rapidity of progression (supraacute, 
acute, subacute hematoma), location of EDH and presence of associated le-
sions. In infants, epidural hematoma is large, due to the opened fontanelle and 
easily separating sutures, and up to 100 cm3 of blood can collect in the epidu-
ral space before any neurologic signs  occur. Infants with EDH may present 
with acute anemia, accom panied by hypotension, and hypovolemic shock. 
According to offi cial data, at the age of 3 months the total blood volume is 
550–600 ml; 1 year, 700–800 ml; 2 years, 850–950 ml; 5 years, 1300–1400 ml; 
15 years, 3500–4000 ml.

According to the level of consciousness and presence of comatose status, 
clinical features may be:

brief posttraumatic LOC, followed by lucid interval for  several  hours, • 
and then progressive alteration of level of  consciousness
persistent posttraumatic coma• 
posttraumatic coma, followed by regaining of consciousness• 
posttraumatic conservation of consciousness without coma• 
posttraumatic conservation of consciousness with delayed coma• 

The clinical features of EDH in newborns and infants are vague, consist-
ing of hypothonia, seizures, and tense fontanelle.

A special situation is the occurrence of an EDH in a hydrocephalic 
shunted child, which represent a serious and urgent entity of pediatric 
 pathology. Although after a mild TBI the hydrocephalic shunted child is 
usually initially asymptomatic, it will be in a coma. In this situation we deal 
with a giant EDH with a rapid onset. CT scan must be performed without 
delay. Often there is no lucid interval, with rapid alteration of level of con-
sciousness immediately posttrauma and severe impairment of vegetative 
functions. In supratentorial EDH, focal neurological signs consist of motor 
defi cits, jacksonian seizures, anisocoria, and comatose state [3].

Posterior fossa EDH blocks cistern magna and leads to brainstem com-
pression and acute obstructive hydrocephalus with acute intracranial hyper-
tension. Posterior fossa EDH occurs less frequently than supratentorial 
 hematomas but it is the most common traumatic space-occupying lesion of the 
posterior fossa in children. It is often associated with an acute clinical deterio-
ration without signifi cant warning symptoms and may result in death.

Diagnosis, localization and size of EDH is made by CT scan. EDH may 
appear as an extraaxial lenticular-shaped mass situated between the brain 
and the skull, with density varying according to the age of the lesion. A 
normal CT scan performed immediately after trauma does not exclude the 
possibility of further development of an EDH.

A child harboring a skull fracture, usually within occipital bone, present-
ing vomiting, must be observed clinically and by CT scan for development of 
an EDH.
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Surgical indications are established by clinical status and CT scan:

Comatose patient with anisocoria and CT scan showing EDH require • 
urgent surgery
Coma and worsening of neurological state in case of EDH volume of • 
>25 ml
EDH volume of >30 ml, even in the absence of clinical signs• 
EDH volume of >25 ml, if EDH is located within the posterior fossa • 
or temporal region
Midline shift of >4 mm, with worsening of neurological status• 
Increase in volume of EDH• 

Surgery consists of evacuation of the hematoma through craniotomy. It is 
important to perform an initial blood replacement to the shocked child; this 
should be carried out within 20–30 min, before starting operatory procedures.

Conservative treatment is attempted in an alert child, without focal neuro-
logical defi cits, in which CT scan showed an EDH with a volume of <25 ml, 
a thickness of <10 mm and midline shift of <4 mm, under attentive clinical 
observation and repeating of the CT scan in a neurosurgical center, where 
surgery can be performed if needed [1].

Surgical technique for convexity temporal EDH (Fig. 9): For trauma fl ap 
“question mark” scalp incision from the zygomatic arch, 1 cm anterior the 
tragus, in order to spare the facial nerve branch of the frontalis muscle and the 
anterior branch of the superfi cial temporal artery, curved posterior at the top 
of pinna, 4–5 cm behind the pinna, proceeded superiorly 1–2 cm ipsilateral to 
the midline, curved anteriorly and ended at the hairline. Incision of the tem-
poral muscle with electrocoagulation. Frontotemporal craniotomy; evacua-
tion of the hematoma step by step; hemostasis. Coagulation of the bleeding 
source. If the bleeding source is not found, it is assumed to be caused by 
bleeding from the inner surface of the skull. Usually, secondary to reexpan-
sion of the brain rebleeding is hindered, but application of bone wax to the 
inner surface of the skull or refl ection of a free bone fl ap along the limbus of 
the hematoma may be performed; dura mater anchoring with bone fl ap repo-
sition; wound closure.

For posterior fossa EDH there is no special surgical technique: vertical 
median or paramedian skin incision, suboccipital craniectomy, evacuation of 
the hematoma, hemostasis, dura mater suspension and wound closure.

Posttraumatic subdural hematoma. Posttraumatic subdural hematoma 
(PTSDH) in children occurs with an overall frequency of 5%, less common 
before 3 years of age. The incidence increases with ageing, reaching in teenag-
ers the frequency of young adults.

In infants and toddlers, PTSHD occurs in shaken baby syndrome and fol-
lowing head injury caused by accidental falling. In children aged between 
5 and 6 years, acute PTSDH is generally produced by falls and motor vehicle 
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A B

C D

E

Fig. 9. Surgical technique for convexity temporal EDH. A “Question mark” scalp incision. 
B Triangular frontotemporal craniotomy. C Evacuation of the hematoma. D Dura mater 
anchoring. E Bone fl ap reposition
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 accidents. In older children, common causes are motor vehicle accidents, falls, 
and playing accidents, etc.

According to the clinical outcome and establishment of diagnosis, sub-
dural hematomas are acute in the fi rst two days, subacute within the next 
days until 3–4 weeks, and chronic after 4–6 weeks. Chronic PTSDH in chil-
dren is considered to be a consequence of conservative treatment or misdiag-
nosis of an acute PTSDH.

According to the location and volume of the hematoma, clinical signs 
 consist of alteration of level of consciousness, focal neurological signs, and 
intracranial hypertension, in various grades of intensity.

In acute PTSHD, clinical signs occur immediately and consist of coma 
with motor defi cits and anisocoria, which requires urgent surgical explora-
tion and therapy. In infants and toddlers, clinical fi ndings associated with 
acute PTSDH may include the following: apathia, adynamia, vomiting, sei-
zures, tense anterior fontanelle, alteration of consciousness and coma.

A child with a subacute PTSDH may experience a variable period of LOC 
after trauma, followed by clinical improvement (lucid interval varies from 
days to weeks), followed by subsequent clinical worsening, motor defi cit, 
seizures, anisocoria and coma. Sometimes loss of consciousness can be ab-
sent, but the child may present totally unspecifi c symptoms and a progressive 
outcome. Focal neurological signs indicate the location of the lesion, and 
worsening in neurological status indicates increased intracranial pressure.

Deterioration can be rapid in children, with repeated generalized or jack-
sonian seizures, hemiplegia, decorticated or decerabrate rigidity, unilateral 
midriasis, and coma.

Chronic PTSDH in children is a consequence of a misdiagnosed PTSDH 
with minimal clinical fi ndings. Chronic PTSDH can have a different etiology 
in toddlers: perinatal subarachnoid hemorrhage, prolonged, diffi cult labor, 
following meningitis, and coagulopathy.

Clinical features are unspecifi c: more commonly seizures are found, fol-
lowed by irritability, delayed psychological and motor development. In in-
fants and toddlers, tension of the anterior fontanelle and abnormal increase of 
the head circumference. Additionally, motor defi cits and cranial nerve palsy 
may occur, and during the deterioration phase, lethargy and alteration of lev-
el of consciousness. Extremely rarely, the child is asymptomatic.

CT scan is mandatory for diagnostic and therapeutical management. 
Acute PTSHD appears on the noncontrast head CT scan as a crescent-
shaped hyperdense area between the inner table of the skull and the surface 
of the cerebral hemisphere. Within time, the density appearance on CT scan 
of the collection modifi es as follows: inhomogeneous, with hyper-, hy-
podense appearance in subacute PTSDH; in the chronic phase, PTSDH is 
iso-, hypodense to brain tissue. CT scan shows other posttraumatic lesions, 
such as contusion, subarachnoid hemorrhage, brain swelling, etc. Some-
times, the thickness of the subdural collection is not directly proportionate 
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to the compressive effect on brain parenchyma, manifested by increased 
brain swelling and subfalcian herniation. In children, clinical appearance 
can show a great discrepancy. Sometimes small PTSDH can have important 
mass effect or vice versa large subdural collection can have reduced clinical 
signs.

Treatment of PTSDH depends on the time of diagnosis, clinical fi ndings, 
location and type of hematoma, and child’s age, and it can be conservative or 
surgical.

Conservative treatment in acute PTSDH is indicated only when the child is 
alert, with minor symptoms, without focal neurological signs, without any 
signs of intracranial hypertension, and CT scan showing a subdural collection 
less than 3 mm thick, without midline shift or midline shift smaller than 3–4 mm. 
The child must be attentively clinical observed and CT scan must be repeated.

In cases when CT scan does not show surgical indications, but the general 
clinical condition is severe, with a GCS of <9, but without focal neurological 
or other intracranial hypertension signs, monitoring of the ICP will indicate 
the optimal therapy.

Acute PTSDH with focal signs or increased ICP requires urgent surgery. 
Surgical treatment consists of hematoma evacuation, hemostasis, and treat-
ment of associated lesions.

Also in subacute and chronic PTSDH, treatment is always surgical. Many 
neurosurgical techniques were proposed: subdural tapping, drainage of hema-
toma through burr holes, drainage of the fl uid into a closed external system, 
shunting the hematoma to the peritoneum or pleura, subgaleal shunt, evacua-
tion of the hematoma and excision of the membranes by wide craniotomy.

Fig. 10. Surgical technique for chronic PTSDH (two burr holes over the hematoma with la-
vage and external drainage). Arcuate scalp incision; two bur holes, frontal and parietal
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In children over 3 years old there are two options in surgical treatment for 
chronic PTSDH: one is drainage, lavage of the  PTSDH through  one or two 
burr holes over the hematoma, and  another one is the Raimondi technique [8]. 
Personally, I recommend the last surgical technique in PTSDH, but without 
frontoparietal bone  reshaping.

Surgical technique for chronic PTSDH (Fig. 10): Arcuate scalp incision; 
One or two burr holes over the hematoma (frontal and temporal, or frontal 
and parietal); drainage and lavage with saline of the hematoma; wound 
 closure.

Raimondi technique for failure of other techniques in treatment of chron-
ic PTSDH (Fig. 11) [8]: Frontoparietal craniotomy; dura opening. The dura 
is incised in a “Z” or “X” confi guration bilaterally. PTSHD is evacuated. The 
dura is sutured back and the excess trimmed to diminish its surface. In this 

A B

C D E

Fig. 11. Raimondi technique in bilateral PTSDH. A Schematic view of bilateral PTSDH. B Pos-
sibilities of scalp incisions. C Frontoparietal craniotomy. D Dural closure. E Free borders of 
the dura may be sutured over the SSS. F Bone fl aps are reshaped
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way, the superior longitudinal sinus is lowered. If craniofacial disproportion 
exists, the original bone bridge over the sinus is lowered also and the fron-
toparietal bone fl aps are reshaped; wound closure.

The Raimondi technique is very aggressive for the children especially 0–3 
years old. Our routine technique in chronic PTSDH (Fig. 12): “Horse shoe” 
incision; bone fl ap over the PTSDH, in three burr holes, with craniotome 
(general fronto-temporal). In cases with bilateral PTSDH, two bilateral bone 
fl aps will be needed; hematoma evacuation, step by step; careful hemoastasis; 
dural anchoring; bone fl ap repositioning.

With this last technique is possible to achieve perfect evacuation of hema-
toma and effi cient hemostasis. We do not encourage use of the old technique 
by temporal scalp incision and craniectomy.

A B

Fig. 12. Surgical technique for chronic PTSDH. A “Horse shoe” skin incision over the hema-
toma; osteoplastic bone fl ap by craniotome; opening the dura mater. B PTSDH evacuation

Fig. 13. Subdural tap through the lateral part of the anterior fontanelle
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Subdural punctures through the fontanelles are dangerous and are not 
performed for diagnostic or therapeutic procedures. This technique will be 
performed only in chronic hygroma and hematoma in infants (Fig. 13).

Child abuse and shaken baby syndrome. Child abuse is a posttraumatic 
syndrome presenting multiple injuries resulting from bad treatment or beat-
ing of the child. Almost all cases are found in children under 3 years old, with 
a maximum of incidence under 1 year.

Clinical fi ndings include vomiting, pallor, irritability, overcrying, drowsiness, 
multiple bruises, respiratory disturbances, etc. Although there are no pathogno-
monic fi ndings for child abuse, there are some characteristic factors which raise 
the index of suspicion: retinal hemorrhages, subdural hematoma, intraparenchy-
mal hemorrhage, other cerebral hemorrhages, cerebral edema, and bone fractures 
(long bones, ribs). Intraocular hemorrhage fi ndings are  usual fi ndings in child 
abuse, and when they are associated with a PTSDH, they strongly suggest  shaken 
neglect [7]. The mechanism of trauma is shaking injury, with or without impact 
(shaken impact syndrome), and direct pure impact injury. Violent shaking of 
the child’s head produces whiplash-like angular  acceleration-deceleration of the 
head, sometimes with rapid onset of the symptoms. CT scan is mandatory at 
admission and the child requires PICU observation. The treatment depends on 
the multiple lesions including posttraumatic anemic syndrome or  coagulopathy. 
Outcome is, generally, poor, having a higher mortality than accidental TBI, be-
cause of the multiple trauma complexes in a growing infant.`

CONCLUSIONS

TBI in infants, toddlers, preschool children and growing up children 1. 
is completely different from that in adult; each age has its anatomical 
and etiologic particularities, specifi c type of lesions (e.g. GSF), clini-
cal features with insuffi cient clinical signs.
Usually the signs and symptoms in infants, toddlers and preschool 2. 
children at admission are transient or sustained LOC, vomiting, 
headache, irritability, pallor, PTA, seizures, visual disturbances.
CT scan is mandatory at admission and is necessary in follow-up in 3. 
spite of danger of radiation.
Children must be addressed in a hospital with special neurosurgical 4. 
pediatric facilities, including PICU.
Reactivity and outcome of a child are completely different from those 5. 
of the adult. Special attention in children should be paid to “talk and 
die” syndrome that can occur in any moment following a TBI. For 
that reason careful observation is necessary.
Particularities in TBI in infants and toddlers are clinical features domi-6. 
nated by pallor and irritability, presence of seizures and diffi culties of 
clinical examination. In this condition the diagnosis must be quick and 
effi cient.
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In all cases of TBI in children with or without intracranial hematoma 7. 
or multiple associated traumas, we must take into consideration the 
possibility of hemorrhagic shock occurrence associated with a high 
mortality within the fi rst few hours following trauma. An initial 
blood replacement to the shocked child is mandatory and will be car-
ried out as an important therapeutical target. Pediatric neurointensive 
care specialist, pediatric neurosurgeon and general pediatric form the 
best team for complete diagnosis and therapy.
A child with multiple traumas must be treated by a multidisciplinary 8. 
team; the possibility of abdominal, thoracic and leg injuries (specially 
in road accidents) must be take into consideration and the multidisci-
plinary team will be involved.
Early decompressive craniectomy with duraplasty must be performed 9. 
in cases with intracranial hypertension (e.g. DBS) refractory to con-
servative therapy.
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MANAGEMENT OF HYDROCEPHALUS 
IN CHILDHOOD

J. CHAZAL

INTRODUCTION

Hydrocephalus is defi ned as the enlargement of brain ventricles (internal hy-
drocephalus) and/or subarachnoid spaces (external hydrocephalus). The cause 
may be known (acquired or congenital) or unknown (apparently idiopathic). 
The incidence of congenital hydrocephalus ranges between 0.9 and 1.8/1000 
live births. Hydrocephalus is the most common condition in pediatric neuro-
surgery, occurring as an isolated disorder or associated with other conditions.

From the historical point of view, diagnostics were transformed by the ad-
vent of modern neuroimaging (CT scan and MRI). The evolution of therapeu-
tic implements can be divided into three periods. The fi rst period was marked 
by the conception of the fi rst valve in 1956 by Holter, the second by the advent 
of fl ow regulation, anti-siphon or programmable pressure devices. The third 
period followed the advent of endoscopic third ventriculostomy initially per-
formed by W. Dandy in the USA and G. Guiot in France, which allowed avoid-
ing external drainage and permanent shunts in obstructive hydrocephalus.

Since clinical data are not always suffi cient for the diagnosis of hydro-
cephalus because symptoms are mixed with those of the etiological lesion, 
imaging is mandatory.

Surgical treatment should be undertaken without too much delay before 
irreversible damages and defi nitive neurological deterioration may occur.

RATIONALE

1. THE CEREBROSPINAL FLUID (CSF) [2, 4, 5, 7]

1. Cerebrospinal fl uid (CSF) secretion is an active process, stable under physi-
ological conditions. Seventy percent are produced by ventricular choroid 
plexuses, 30% by extrachoroid sources (capillary ultrafi ltrate, ependyma, and 
metabolic water production). In childhood and adult, the rate of production 
is about 0.35 ml/min or 500 ml/day.

2. CSF drains from the ventricular system into the subarachnoid space 
through the median foramen of the fourth ventricle. It is passively absorbed by 

Keywords: hydrocephalus, childhood, CSF, shunt, ventriculocisternostomy
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the blood stream through the arachnoid villi protruding into the intracranial 
 venous dural sinuses and the spine venous plexuses. Cranial arachnoid villi, not 
mature at the time of birth, continue to develop until the 18th month. There are 
other possible pathways of absorption in this period: the choroid plexuses, the 
perivascular and the perineural sheaths. The absorption rate is a linear function 
of the CSF pressure, with a positive gradient from subarachnoid space to dural 
sinuses.

2. THE INTRACRANIAL PRESSURE

1. The central nervous system has three components: the parenchyma and the 
vascular and the fl uid systems enclosed inside the skull and the spine. In the 
antenatal period and infancy, the skull is an osteo-membranous structure, 
expanding according to the intracranial pressure (ICP). In older children and 
adult, the bony structure is nonexpanding. The resistance to CSF fl ow in the 
fl uid system generates a physiological pressure of about 5–12 cm H2O.

2. Intracranial pressure or CSF pressure (PCSF) is a combination of the CSF 
secretion rate (F) and of the resistance (R) to CSF fl ow and absorption: PCSF = 
F  R. Physiological ICP values range between 2 and 4 cm H2O in infancy, 
increase along skull growth and ossifi cation process. In older children, nor-
mal values range between 10 and 12 cm H2O.

3. PATHOPHYSIOLOGY

1. Hydrocephalus results from CSF pressure increase in relation to CSF 
overproduction and/or impairment of CSF circulation-absorption.

CSF overproduction: hypervitaminosis A, choroid plexus tumors... In • 
the latter situation, an increase of resistance to CSF fl ow due to CSF 
protein hypersecretion and microhemorrhages is suspected.
Obstruction to CSF fl ow: before the site of obstruction, CSF pressure • 
increases and induces a pressure gradient from the ventricles to the 
parenchyma and the subarachnoid spaces. The ventricular dilatation 
generates mechanical damages to the parenchyma. The subarachnoid 
spaces shrink and the brain cortex, covered by the dura mater, comes 
into contact with the skull vault.
Obstruction of CSF absorption sites: arachnoid villi or venous stream • 
obstruction theoretically determines both internal and external hy-
drocephalus in “open skull” situation. In “closed skull”, venous pres-
sure increase (venous obstruction, dural sinus thrombophlebitis) in-
duces brain edema, which limits the CSF compartment expansion. 
Before the sutures and fontanels close, ICP increase induces early 
macrocrania (head circumference greater than 98th percentile or more 
than 3 ).
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2. Two evolutions are possible.

Acute hydrocephalus: intracranial hypertension and brain perfusion • 
pressure decrease lead to circulatory arrest.
Chronic hydrocephalus: the ventricular dilatation stops when the • 
pressures are balanced by adaptive mechanisms: decrease of CSF se-
cretion and possible contribution of other absorption pathways such 
as the vascular and cranial nerves sheaths, the ependymal lining and 
the choroid plexuses. The pressure gradient decreases and the ven-
tricular dilatation stabilizes. In fact, the situation worsens and CSF 
pressure remains abnormal: above a mean value relatively low, CSF 
pressure monitorings show pathological A and/or B waves [7]. A per-
sistent transependymal gradient maintains the ventricular dilatation. 
This is probably favored by alterations of the mechanical properties 
of the parenchyma and a disturbance in the vasoregulation system.

3. Specifi c situations of newborns and infants. In external hydrocephalus 
(pericerebral hygroma), evolution is spontaneously favourable, shunting is 
not necessary in most cases. When the collection does not decrease (1–2%), 
there is a need for investigations (as an example: hemorrhages in shaken baby 
syndrome). 

4. ETIOLOGY [6, 10]

4.1 Antenatal causes

1. Obstructions of the aqueduct of Sylvius represent 10% of hydrocephalus in 
newborns. They can be primary or secondary aqueductal stenosis (in utero 
infectious, hemorrhagic or neoplastic processes). Diagnosis is often made in 
older children or adulthood; CSF obstruction may be compensated for years 
with macrocrania and episodes of headaches.

2. Dandy-Walker malformations account for 2 to 4% of hydrocephalus in 
newborns. They are characterized by total or partial vermis agenesis, fourth 
ventricle expansion into the posterior fossa forming a cyst like expansion 
covered by a thin meningo-ependymal layer. They can be isolated or part of 
a polymalformative syndrome (corpus callosum agenesis, cleft palate, ocular 
and cardiac anomalies and facial angiomas). Hydrocephalus by CSF obstruc-
tion between the fourth ventricle and the subarachnoid space generally devel-
ops within the fi rst three months.

3. Arnold Chiari type II malformation is defi ned by a small posterior fos-
sa, enlarged foramen magnum, cerebellar hypoplasia, lengthening of cerebel-
lar peduncles, Z-shape deviation of the medulla oblongata, caudal displace-
ment of the tonsils through the foramen magnum. Hydrocephalus is due to 
CSF obstruction by the crowding of the hindbrain into the posterior fossa. 
 Myelomeningocele is nearly always associated.
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4. Main venous causes are vein of Galen malformations, superior vena cava 
obstruction.

5. Intraventricular hemorrhages are the predominant cause of hydrocephalus 
in premature infant. The brain parenchyma immaturity enables the  development 
of considerable ventriculomegaly without proportional enlargement of the skull. 
Hydrocephalus generally develops within the month after hemorrhage.

6. In utero infections (toxoplasmosis, cytomegalovirus infection, etc.) are 
the cause of hydrocephalus by infl ammation and sclerosis of the arachnoid 
spaces, and secondary aqueductal gliosis.

4.2 Postnatal causes

1. Hemorrhages due to birth traumatisms are present in roughly 25% of 
asymptomatic neonates, mostly located in the posterior fossa and more fre-
quent in premature infants. Probability of hydrocephalus is correlated with 
the amount of bleeding. Hydrocephalus may be transitory.

2. Infectious meningitis: communicating hydrocephalus (especially puru-
lent, tuberculosis). In neonates, Gram-negative infections lead to multilocu-
lated hydrocephalus with extensive brain damages.

3. Carcinomatous meningitis blocks CSF outfl ow.
4. Expansive processes (tumors, abscesses, arachnoid cysts, hematomas). 

 Tumors of lateral ventricles (gliomas, choroid plexuses, papillomas, and carci-
nomas), of the fl oor of the third ventricle (optic gliomas, craniopharyngiomas, 
 pineal region tumors). Tumors of the posterior fossa, frequent in childhood 
 (astrocytomas, medulloblastomas, ependymomas). Tumors of the spine (con-
troversial, compression of CSF outfl ow, microhemorrhage, increase in protein 
secretion, and CSF viscosity).

5. Head injury: hemorrhages, role of the traumatism itself diffi cult to es-
tablish.

6. Neurosurgical procedures with hemorrhagic opening of CSF pathways, 
especially in the posterior fossa.

DECISION-MAKING

1. CLINICAL PRESENTATION [2, 6, 10]

Clinical presentations vary according to the age of patients.
The cause of hydrocephalus may produce specifi c localizing symptoms.
Signs of intracranial hypertension require urgent diagnosis and treatment.

1.1 Premature infants

The most important sign is the rapid head growth (head circumference in-
creases of 1 cm/week in healthy premature infants). The head has a globoid 
shape. The anterior fontanel is tense, bulging (normally fl at and concave): the 
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scalp vein distension, episodes of apnea and bradycardia indicate intracranial 
hypertension syndrome.

Some symptoms may remain unnoticed: poor feeding, vomiting.
Abducent nerve palsy and papillary edema are commonly lacking at this age.

1.2 Full-term infants

The most common sign is the bulging of the anterior fontanel, and the 
abnormally rapid head growth leading to macrocrania if hydrocephalus oc-
curs before the age of 2 years. Head circumference should be regularly mea-
sured (Table 1). Other signs are present: irritability, vomiting, drowsiness, 
axial hypotonia, setting-sun sign (both eyes deviated downward, the upper 
lids retracted), distended scalp veins. Papilledema is uncommon but retinal 
hemorrhages may be present in severe intracranial hypertension.

1.3 Children

Signs of acute intracranial hypertension • are more frequent, because 
the skull vault is less distensible: headaches, vomiting (frequent in 
tumors of the posterior fossa, projectile vomiting is not specifi c 
of the syndrome), diplopia (abducent nerve palsy), Parinaud syn-
drome, blurred vision, visual acuity loss, papilledema (detected at 
least two weeks after the onset of intracranial hypertension). The 
lack of papilledema does not rule out the diagnosis of early intra-
cranial hypertension. The persistence of hydrocephalus may lead to 
optic nerve atrophy and blindness. Abdominal pain, hypertherm-
ia, alteration of consciousness may be misleading. Neck pain, stiff 
neck (possible without alteration of consciousness), opisthotonos, 
cardio-respiratory impairment, Cheyne-Stoke respiration, impaired 
consciousness are signs of tonsillar herniation.
Chronic hydrocephalus•  is characterized by macrocrania if the disor-
der began in the fi rst 2 years, mental deterioration (decrease in school 
performances, memory loss, behavior disturbance), anomalies of gait 
(walking retardation, repeated fallings), disturbances of micturition 
with delayed bladder control.

Seizures are uncommon in internal hydrocephalus (5% of patients only); 
they may indicate symptomatic pericerebral collections (external hydroceph-
alus or subdural posttraumatic hematomas).

Table 1. Head circumference growth in infants

Premature infants 1 cm/week
Full-term infants 2 cm/month

 0–3 months 1 cm/month
 4–6 months 0.5 cm/month
7–12 months  
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2. DIAGNOSTIC STUDIES

1. Ultrasonography can be performed to detect and follow fetal hydrocepha-
lus. In infants, transfontanellar ultrasonography is useful for serial evaluation 
of hydrocephalus because of its innocuousness, but it is not suitable to evalu-
ate the fourth ventricle and the subarachnoid spaces.

2. CT scan before and after intravenous contrast medium injection is able 
to show the following features:

Increased volume of lateral ventricles (temporal horns normally bare-• 
ly visible), ballooning of the frontal horns (“Mickey mouse ventri-
cles”) and the third ventricle. Ventricular dilatation can be measured 
by: (i) Bifrontal ratio (largest width of the frontal horns to the in-
ternal skull diameter at the same level) favors the diagnosis of active 
hydrocephalus when greater than 0.50. (ii) Evan’s ratio (maximal frontal 
horns to the maximal biparietal diameter) suggests hydrocephalus when 
greater than 0.30. Those ratios that do not take into account the width 
of the pericerebral spaces are insuffi cient to rule out brain atrophy.
Transependymal CSF absorption, as periventricular low density in ac-• 
tive and acute hydrocephalus.
Subarachnoid space modifi cations: either compressed in internal hydro-• 
cephalus or widened in external hydrocephalus. CT scan does not pro-
vide any reliable information in relation to the nature of the collection.
Calcifi cations of arteriovenous malformations and oligodendrogliomas.• 
After intravenous contrast agent injection: enhancement of underly-• 
ing tumors or vascular abnormalities such as arteriovenous malforma-
tion, malformation of vein of Galen, dural sinus thrombosis.

Successive, frequent CT scans are noxious for the lens and the immature 
brain. In a survey, dosimetric data must be taken into account.

3. MRI may require short tranquilization or anesthesia in non-compliant 
patients. MRI is able to show:

Internal hydrocephalus: enlargement of the ventricles proximal to the • 
blockage. T2 weighted and fl air images demonstrate transependymal 
CSF absorption as subependymal hyper-signals at frontal and occipi-
tal ventricular horns.
External hydrocephalus, also known as “extra-axial fl uid collection”: • 
collection made of CSF, thickness more than 1 cm. More frequent in 
males, the disorder recovers spontaneously but favors the constitu-
tion of traumatic subdural collections over the frontal lobes and in 
interhemispheric fi ssure. The density depends on the age of the trau-
matic event. Posttraumatic subdural collections may exert a mass ef-
fect upon the convexity gyrus and compress the ventricular system, 
unlike external hydrocephalus.



531

MANAGEMENT OF HYDROCEPHALUS IN CHILDHOOD

MRI may identify the site and sometimes nature of obstruction: low-grade 
astrocytomas as heterogeneous signals, and aqueductal stenosis. In idiopathic 
stenosis no abnormality is detected in morphological sequences.

Cine-phase contrast sequence MRI allows to assess the CSF fl ow in the 
ventricles and the arachnoid spaces, through the interventricular foramens, 
the aqueduct of Sylvius or the fenestration after a third ventriculostomy.

Angiographic sequences may be informative for demonstrating vascular 
malformations, aneurysms or venous thromboses. A negative MRI, in cases 
with brain hematoma, needs to be repeated 3 to 6 months later. Arteriography 
is mandatory in case of subarachnoid hemorrhage.

4. Conventional angiography is less frequently performed since the advent 
of angiographic CT scans or MRI. It is part of the endovascular treatment of 
aneurysms and arteriovenous malformations.

5. Continuous CSF pressure recording and hydrodynamic tests (CSF fl ow 
resistance and PVI measurements) can be performed when the diagnosis is 
not made by imaging or when the underlying pathophysiologic process re-
mains unclear. In infants, continuous pressure recording is performed through 
the anterior fontanel. In children, the procedure is performed with intrapa-
renchymal pressure recorder or a manometer connected with a ventricular or 
lumbar catheter.

MANAGEMENT

1. MEDICAL TREATMENT

Medical treatment can be undertaken to gain time before neurosurgery.
Intravenous mannitol may be given only in an emergency in acute hydro-

cephalus to prevent uncal or tonsillar herniation before specifi c treatment.
Acetazolamide limits CSF secretion by arachnoid plexus. The delay of ac-

tion is not suitable for acute hydrocephalus. It is generally used in association 
with lumbar punctures.

Lumbar punctures may be effi cient in post-hemorrhagic hydrocephalus to 
avoid permanent shunt. Perforations of the spinal meningeal sheath probably 
generate CSF leak toward the epidural space.

2. SURGICAL TREATMENT

Etiological treatment is indicated when possible; otherwise CSF derivation 
shall be performed.

1) Etiological treatment does not require a shunt as primary treatment. 
Surgical treatment of the obstructive lesion cures hydrocephalus (as for in-
stance in 90% of cases after tumor removal).

2) Pericerebral drainage (symptomatic external hydrocephalus) consists of 
a proximal catheter placed into the frontal subarachnoid spaces through a 
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burr hole drilled laterally from the anterior fontanel and 1 cm behind the 
coronal suture (Fig. 1). Valve is not necessary, slits at the distal end of the 
peritoneal catheter regulate the CSF fl ow. In most cases, it is possible to re-
move the shunt at the age of 2–3 years.

3) External ventricular drainage consists of a ventricular catheter placed 
into the frontal horn of the right lateral ventricle, under local or general an-
esthesia according to the age and the compliance of patients. Skin linear par-
asagittal incision is made at 2.5 cm from the sagittal plane, 10 cm behind the 
nasion. Burr hole is drilled 1 cm anterior to the coronal suture. A large burr 
hole (diameter, 1 cm) is necessary to allow modifi cations of trajectories of the 
catheter. The catheter is put into the ventricle after coagulation and incision 
of the dura mater. The depth is indicated by CSF draining at the distal end. 
The catheter is tunneled subcutaneously and connected with a closed drain-
age bag and a pressure transducer to record CSF pressure  continuously.

Amount of CSF drained daily is determined by the hydrostatic pressure 
given by the vertical distance between the drainage bag and the head of the 
patient. If CSF outfl ow were totally blocked, theoretical CSF volume drained 
would be about the CSF secretion: 500 ml/day. In fact, the volume is defi ned 
according to CSF pressure monitoring and clinical status.

External ventricular drainage is performed in emergency to alleviate intra-
cranial hypertension in acute hydrocephalus before etiological treatment. Its 
placement, better achieved in the operating room, is possible in the intensive care 
unit. When hydrocephalus follows subarachnoid hemorrhage, each day, CSF is 
analyzed to follow CSF proteins and blood decrease and check the absence of 

Fig. 1. Pericerebral drainage
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Fig. 2. Different types of shunts
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infection. When CSF protein concentration tends to normalize (≤0.5 g/l), the 
drainage catheter is closed. If CSF pressure increases, hydrocephalus is not re-
solved or clinical status worsens, internal shunting is performed. If CSF pressure 
remains normal, external drainage is removed without shunting.

4) CSF shunts (Fig. 2) drain the CSF (from the ventricles or the lumbar 
subarachnoid spaces) into a site of absorption (peritoneal cavity or right atri-
um). Shunts are ventriculoperitoneal, ventriculoatrial and exceptionally lum-
boperitoneal. The procedure is performed under general anesthesia with the 
patient placed in recumbent position.
4.1 Ventricular shunts
The ventricular catheter: The hair is clipped over the skin incision. The ven-
tricular catheter is placed proximally to the CSF obstruction, generally into 
the right occipital horn (in right-handed patients). The site of insertion is 7 cm 
from the inion and 3 cm from the sagittal plane. The distal part of the ven-
tricular catheter is tunneled subcutaneously and connected to a valve.

Algorithm I
Macrocrania (newborns, infants)

Clinical status
ultrasonography (US)

Normal Neurological signs 
and/or US abnormal

Follow head circumference curve

Disruption

Follow

CT scan
MRI

Internal H a

Subdural hematoma
Shaken baby syndrome

External H

EDb until CSF clear

H resorbed SDPc shunt

Algorithm II

yes
no

yes

no
aH, hydrocephalus
bED, external drainage
cSDP, subduroperitoneal

Follow
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Insertion into the frontal horn is possible but increases the length of tun-
neled catheter. Two catheters may be placed into the frontal horns and inter-
connected in interventricular foramen obstructions.

The distal catheter: 

In ventriculoperitoneal shunt the distal catheter is inserted into the • 
peritoneal cavity after a horizontal skin incision midway between the 
inferior boundary of the thoracic wall and the umbilicus or at the level 
of umbilicus. A short laparotomy avoids visceral injury. The length 
must be suffi cient taking into account the potential growth of the 
child. Contraindications are extensive abdominal surgery, infectious 
and carcinomatous peritonitis. Intracranial malignant neoplasms are 
controversial; no metastatic spread into the peritoneal cavity has been 
reported in our institution.
In ventriculoatrial shunt, insertion into the internal jugular vein is per-• 
formed via the common facial vein (thyro-linguo-facial trunk) under 
intraoperative X-ray. The tip of the catheter is in the right cardiac atri-
um at the level of T6. Preoperative phlebography is helpful in patients 
with central venous site of injection. The procedure is less performed 
by most institutions and reserved to cases of peritoneal catheter infec-
tion or contraindication.

Different types of valves. Programmable pressure devices make possible 
to set the opening pressure according to clinical data, ventricular size and 
subarachnoid width at CT scan. Anti-siphon devices antagonize the increase 
of hydrostatic pressure when the patient is vertical. Flow regulating systems 
maintain a constant fl ow, whatever the pressure, by increasing its resistance 
when hydrostatic pressure increases.
4.2 Lumboperitoneal shunt
This type of shunting is only for communicating hydrocephalus. The shunt is 
not always connected to a valve; the slits at the distal end of the peritoneal 
catheter regulate the CSF outfl ow. The absence of a valve renders the man-
agement of CSF fl ow impossible and increases the risk of tonsillar herniation 
(Chiari formation induced by lumboperitoneal shunt).

5) Third ventriculostomy [3, 9] creates a bypass to a ventricular obstruc-
tion in non-communicating hydrocephalus. It may be performed in em-
ergency prior to the removal of the obstructive tumor. Description is as 
follows: Procedure under general anesthesia, patient positioned supine, with 
neck fl exion of about 30°. Burr hole 1 cm before the coronal suture in the 
midpupillary line, 3 cm off the midline, position adjusted according to frontal 
and sagittal MRI. A large burr hole is made to have enough room to handle 
the endoscope. The ventricular cavity is continuously irrigated with saline 
or lactated Ringer solution. A rigid endoscope is introduced into the lateral 
ventricle: Landmarks are the medial septal vein, the thalamostriate vein and 
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the choroid plexus. The endoscope is introduced into the third ventricle 
through the interventricular foramen without stretching the column of fornix. 
Fenestration of the third ventricle fl oor made with a rigid probe in the mid-
line, anterior to the basilar artery, between the mamillary bodies and the 
infundibulum. A dilating balloon is inserted to enlarge the hole: pulsatile 
movements of the fenestration margins indicate a CSF fl ow into the inter-
pedun cular cistern. Basilar artery visualized in the interpeduncular cistern. A 
successful third ventriculostomy is indicated by early resolution of intracra-
nial hypertension syndrome and CSF fl ow through the fenestration at cine-
phase contrast MRI. Importantly, the clinical outcome is not correlated with 
ventricular size reduction.

A low success rate is reported in the following conditions: tumor, previ-
ous shunt, subarachnoid hemorrhage or whole brain irradiation.

Some surgeons use neuronavigation.

HOW TO AVOID COMPLICATIONS [1, 6, 10]

1. PERICEREBRAL DRAINAGE

Obstruction of the proximal catheter is the most common complication; it is 
related to improper proximal catheter placement or increased CSF protein 
concentration. Temporary external drainage and/or catheter replacement is 
advised.

2. EXTERNAL VENTRICULAR DRAINAGE

Obstruction is frequent in hydrocephalus following subarachnoid hemor-
rhage or meningitis. The ventricular catheter is obstructed at its proximal end 
by blood clot or fi brin. If slow instillation of water does not restore the fl ow, 
the catheter should be removed and replaced.

Infection is the major risk after about 10 days of CSF drainage. Cutaneous 
infections are treated conservatively with local antiseptic agents. In CSF in-
fection, clinical presentations range from asymptomatic meningitis to acute 
ventriculitis. Staphylococcus epidermidis infections account for 75% of shunt 
infections. Being a skin commensal of low virulence, CSF infection is often 
indolent, without fever, CSF protein or cell count increase. Primary antibi-
otic treatment may be administered intravenously or directly into the ventri-
cles. If CSF remains infected after a few days, the entire shunt system should 
be removed and replaced.

Overdrainage and subdural hematoma: should not occur if the CSF fl ow 
is managed according to the intracranial pressure monitoring.
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3. VENTRICULAR SHUNTS

Hemorrhage is the consequence of inappropriate ventricular catheter place-
ment. Acute subdural hematoma occurs when a large amount of CSF is re-
moved during the procedure.

Overdrainage appears when the differential pressure across the valve in-
creases above its opening pressure (postural changes, physical effort inducing 
arterial pressure increase, ventricular drainage device unsuitable to the patho-
physiological condition…).

Slit ventricle syndrome is manifested by headache (predominating in up-
right position), decrease of scholar effi ciency, asthenia and lately altered state 
of consciousness. Pathophysiology is unclear; a decrease in CSF compart-
ment compliance is suspected.

Chronic subdural hematomas are produced by the tearing of bridging 
veins stretched between the cortex and the dura mater.

In both conditions the patient should be installed in the recumbent po-
sition, the valve adjusted at a higher pressure with clinical monitoring and 
serial CT scans. If insufficient, for slit ventricle syndrome, solutions tend 
to restore a physiological compliance (mannitol IV, valve replacement, de-
compressive craniectomy). Extracerebral collections with symptomatic 
mass effect require drainage and transitory ligature of the shunt in some 
cases.

Underdrainage and shunt malfunction are manifested by the persistence 
or the recurrence of ventriculomegaly and clinical symptoms. Diagnosis is 
diffi cult; the ventricular size is not accurately correlated with the clinical im-
provement and the functionality of the system. Twenty percent of drainage 
system dysfunction appear without modifi cation of the ventricular size. The 
valve pressure is adjusted according to clinical modifi cations. If the clinical 
status does not evolve, the system should be revised.

Shunt disconnections, migrations and ruptures have various causes: calcifi -
cations and/or fi brosis along the system impede the distal catheter to move 
under the skin during the growth of the patients and their movements. X-rays 
make the diagnosis.

Peritoneal pseudocysts constituted at the end of peritoneal catheter are re-
sponsible for abdominal pain and chronic shunt dysfunction. They may be 
secondary to indolent CSF infection. They are diagnosed on ultrasonography 
or CT scan.

Sepsis usually occurs in the fi rst 2 months after surgery, sometimes until 6 
months or more. The most common agent is staphylococcus epidermidis by 
contamination of the system at the time of surgery. Cutaneous and subcuta-
neous infections may be treated conservatively. Meningitis and ventriculitis 
require urgent removal of the system and placement of an external drainage. 
Abdominal pain, symptoms of shunt malfunction or seizures are possible. 
CT scan may show active hydrocephalus and contrast enhancement of ven-
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tricular walls and subarachnoid spaces. Bacteriological exams of blood and 
CSF are mandatory. Primary intravenous probabilistic antibiotic is intro-
duced until antibiogram results. The best prevention of sepsis relies on the 
choice of material and procedures well known in the department and per-
formed by senior surgeons.

4. LUMBOPERITONEAL SHUNTS

Lumboperitoneal shunts leading to tonsillar herniations have been reported. 
The risk of overdrainage increases when the shunt does not include a valve.

5. THIRD VENTRICULOSTOMY

As regards third ventriculostomy, early failure is most often related to non-
punctured arachnoid of the interpeduncular cistern. Large fenestration does 
not always prevent late hydrocephalus relapses. The most severe complica-
tion is basilar artery injury. Subdural hematomas are reported, possibly due 
to insuffi cient intraoperative solution irrigation. Transient symptoms sug-
gesting hypothalamic disorders can occur, such as syndrome of inappropriate 
antidiuretic hormone and fever without infection.

CONCLUSIONS

Shunting is one of the most common procedures in pediatric neurosurgery 
but complications are frequent: disconnections, infections, failures, hypod-
rainage, hyperdrainage. They are related to the heterogeneity of the pediatric 
population (growth and development) and the complexity of the hydroceph-
alus syndrome. Its pathophysiology remains often diffi cult to understand and 
the prognosis of the treatment uncertain. Endoscopic third ventriculostomy, 
performed in about 20% of hydrocephalus, does not solve all the problems of 
shunting procedures.

Clinical outcome is diffi cult to assess owing to the heterogeneity of pa-
tients and causal lesions. The risk of surgical revision after shunt placement in 
newborns and infants is almost 100%. In childhood, chronic shunt dysfunc-
tion may remain non-diagnosed because clinical presentation is often poor. 
Shunt revision may be benefi cial. Overall, 80% of the pediatric population 
after shunting have normal intellectual evaluations. However, in chronic hy-
drocephalus, clinical improvement after shunt placement is diffi cult to assess.
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INTRACRANIAL TUMORS IN CHILDHOOD
N. AKALAN

INTRODUCTION

Compared with the adult counterparts, pediatric brain tumors have diverse 
properties in terms of incidence, histology, localization and responsiveness to 
therapy which eventually infl uence their treatment modality. Tumors of the 
nervous system are the most common form of childhood malignancy and the 
leading cause of cancer-related morbidity and mortality with a reported inci-
dence of 2.5–4 per 100,000 children [9]. Despite the advancements in under-
standing tumor biology, diagnosis and patient care, surgery remains as the 
single most effi cient modality in disease control. The role of surgery is further 
augmented with refi ned diagnostic technology; the availability of magnetic 
resonance imaging (MRI) has triggered dramatic changes in childhood tumor 
management. The fi rst impact is the relative increase in the incidence of 
 childhood tumors reported in the last two decades, due to rapid and early 
diagnosis. Second, comprehensive information on tumor morphology with 
postoperative imaging availability enforced refi nement of surgical approach 
and techniques. Moreover, the high sensitivity enabled to appreciate the ef-
fectiveness of different treatment modalities where the surgical resection sur-
passed the other available adjuncts in treatment of childhood tumors.

The wide variety of histological types of tumors has predilections for dif-
ferent compartments of the central nervous system which makes it more 
practical to discuss their surgery according to localization rather than pathol-
ogy. In the broadest manner, tumors are distributed almost evenly among 
infratentorial and supratentorial compartments with slight shifts from one to 
the other depending on age groups between new-born and adolescence [13].

PART I: INFRATENTORIAL TUMORS

Infratentorial localization is a common site for tumors in children, and com-
pared to adults, a much higher percentage of tumors arise at the posterior 
fossa. Medulloblastomas, ependymomas and astrocytomas together in this 
location constitute almost half of all brain tumors in children [7]. While they 
represent far ends of the spectrum in terms of malignancy and natural course, 
their tendency to arise at specifi c anatomic locations makes it possible to lim-
it the access basically to posterior midline (and paramedian) approaches.

Keywords: childhood, brain neoplasm, infratentorial neoplasms, supratentorial 
neoplasms
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RATIONALE

Medulloblastoma (or, primitive neuroectodermal tumor [PNET]) is the most 
common malignant brain tumor in children and accounts for 30% while cer-
ebellar pilocytic astrocytomas represent 10% and ependymomas 8% of all 
pediatric brain tumors. All together, they are responsible for almost 90% of 
posterior fossa tumors. Medulloblastomas are classifi ed as WHO grade IV 
and pilocytic astrocytomas, grade I, where ependymomas stand in between as 
grade II and occasionally grade III tumors [2]. The goal of surgery being to 
obtain a tissue diagnosis or to relieve increased intracranial pressure is not 
valid as whatever the pathology may be, the only variable for favorable outcome 
has been the amount of resection, for a posterior fossa tumor in a child. The 
effort should always be towards total resection without causing morbidity.

DECISION-MAKING

Almost all infratentorial tumors in children come to attention with 1. 
the symptoms and signs of increased intracranial pressure due to hy-
drocephalus. Exceptions would be pontine gliomas or ependymomas 
with extraventricular extension for which cranial nerve involvement 
might be the fi rst sign [14]. The aim of treatment is to relieve the 
symptoms, to obtain a tissue diagnosis and provide best available out-
come which can only be achieved by radical surgery.
MRI is the only modality which non-invasively provides diagnosis; 2. 
related changes such as the severity of hydrocephalus, extent of the 
disease, best available approach and localization based pathological 
diagnosis at the same time.
Childhood medulloblastomas and ependymomas are typically con-3. 
fi ned to 4th ventricle, while astrocytomas are always extraventricular 
(Table 1). This makes it reasonable to approach most of the tumors 
through a midline suboccipital craniotomy. Retromastoid approach 
is reserved for pilocytic astrocytomas exclusively at cerebellar hemi-
sphere or those rare tumors at the cerebellopontine angle.

SURGERY

Owing to the general awareness and highly specifi c, non-invasive 1. 
MRI technology, children with brain tumors are being diagnosed at 
a much earlier stage than before. This is especially true for posterior 
fossa tumors where children used to go through several diagnostic 
work-up before being referred to neurosurgery. Early diagnosis pro-
vides obvious advantages in planning the treatment; general physi-
cal condition, neurological status and the degree of hydrocephalus at 
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admission allow considering the patient as an elective case and not an 
emergency, as had been in the past. This in turn provides a detailed 
preoperative assessment of the child, minimizing potential risks of 
surgery. Moreover, early detection combined with improved anesthe-
siology management made it unnecessary to treat hydrocephalus by 
shunt or ventriculostomy prior to tumor resection.
MRI fi ndings are of great value in both planning the most appro-2. 
priate approach and estimating the pathology and disease state. 
Dissemination prior to surgery would strongly indicate a medullo-
blastoma at an advanced state, while extension of a fourth ventricular 
tumor out through foramen of Luschka suggests an ependymoma.
Corticosteroids are given as a loading dose of 8 mg and then 4–8 mg 3. 
every 6 hours. There is no indication for prophylactic anticonvulsants 
for posterior fossa pathology. Pediatric cases with brain tumors, re-
gardless of age, have major requirements different from those of  adults 
in terms of anesthesiology and post-operative care. Besides the sur-
geon, the entire facility should be capable of handling all age groups.
Utilization of operative microscope and microsurgical techniques 4. 
prove classical large bone and dural openings unnecessary, which 
saves time and minimizes blood loss and wound related complications. 
C1 posterior arch removal is almost never necessary unless there is a 
major tumor extension to the cervical canal. Those tumors at the mid-
line arising from vermis are invariably pilocytic astrocytomas with 

Table 1. Pre-operative differential diagnosis for major childhood infratentorial tumors ba-
sed on magnetic resonance imaging
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occasional cystic components; they can be reasonably distinguished 
from  normal tissue and should be resected completely to provide 
surgical cure. Entrance to the fourth ventricle should be avoided, 
not to disturb the normal CSF fl oor. For tumors within the fourth 
ventricle, being either an ependymoma or medulloblastoma, micro-
surgical techniques allow resection through cisterna magna and very 
seldom cerebellar vermis incision is required. Creating a paraverm-
ian corridor through cerebellomedullary fi ssure by opening the tela 
choroidea should be preferred to vermis incision, if necessary [17].
As stated before, the aim should be total resection as it directly corre-5. 
lates with survival. It is more convenient to reach the superior surface 
of the tumor initially to visualize the tumor and brainstem interface. In 
medulloblastomas arising from the fourth ventricular roof, total tumor 
resection is possible without additional morbidity as fourth ventricular 
fl oor invasion is exceptional. Handling brainstem infi ltration of some 
medulloblastoma cases and more frequently ependymomas is the most 
critical step of the posterior fossa tumor surgery. The surgeon is faced 
to decide between serious morbidity that might be caused by attempt-
ed total resection and leaving residuals which may directly contribute 
to overall survival. Besides the morbidity due to attempted resection of 
fl oor infi ltration, another source for postoperative neurological dete-
rioration is damage to posterior inferior cerebellar artery (PICA) and 
tributaries. Medulloblastomas and especially ependymomas that tend 
to grow outside fourth ventricle into cisterna magna not infrequently 
encase PICA and tributaries, and damage to those during tumor exci-
sion ends up with varying degree of postoperative defi cits.
Postoperative early MRI within 24 hours is essential for future thera-6. 
py planning and survival assessment. Unexpected residual astrocyto-
mas can be followed with MRI to be resected in case of growth, while 
substantial amount of residual medulloblastomas and ependymomas 
require a second look surgery for prolonged survival (Table 2).

With appropriate surgical intervention, juvenile pilocytic astrocytomas as 
WHO grade I tumors can be cured without any further adjuvant therapy. 

Table 2. Treatment algorithm for postoperative residual tumor in early MR of the major 
childhood infratentorial tumors based on tumor pathology
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Those with residual disease, follow-up and reoperation are justifi ed rather 
than radio- or chemotherapy which carries substantial late side-effects in chil-
dren [4]. On the other end of the tumor spectrum, the WHO grade IV tumor, 
medulloblastoma requires full-scale treatment with radio- and chemotherapy 
following surgical resection. Unlike adult high grade tumors, fi ve-year survival 
rates reach to 70% with total resection and appropriate adjuvant therapy. 
Posterior fossa ependymomas, although being WHO grade II tumors, have 
comparable survival rates close to medulloblastomas rather than astrocytomas. 
Radiotherapy and chemotherapy are not as effective as for medulloblastomas, 
leaving total resection as the most important determinant for survival [1]. Un-
fortunately, tendency of ependymomas to adhere the fourth ventricular fl oor 
and extension through the foramen of Luschka prevent total resection.

Besides above mentioned tumors, diffuse brainstem gliomas are almost ex-
clusively pediatric tumors that make almost 10% of all posterior fossa tumors. 
They represent one of the very few childhood tumors for which surgery has 
not proved to play any role in treatment. Their radiological appearance in MRI 
is distinctive enough to initiate adjuvant therapy without biopsy. A very im-
portant detail is to differentiate focal pontine astrocytoma from diffuse form, 
which comprises 10% of brainstem tumors. Focal pontine astrocytoma is a 
typically surgical disease, for which total resection provides cure. Miscellaneous 
tumors like hemangioblastomas, gangliogliomas and cavernomas are intra-axial 
pathologies occasionally found in children as well as extra-axial schwannomas, 
meningiomas and chordomas. They are cared accordingly as in adults with 
respect to age related physiological distinctiveness of children.

PART II: SUPRATENTORIAL TUMORS

In general neurosurgical practice, a childhood brain tumor traditionally im-
plies infratentorial pathology, most often a medulloblastoma. This assump-
tion is partly true as almost 25% of pediatric brain tumors are posterior fossa 
medulloblastomas. Recent studies demonstrate that almost half of all brain 
tumors are localized at the supratentorial compartment with a substantial 
percentage representing low-grade or benign tumors, unlike those of the pos-
terior fossa [6]. This may explain the discrepancy between previous and 
recent tumor series, as these pathologies remain silent for prolonged periods 
while being diagnosed increasingly after utilization of MRI.

RATIONALE

Supratentorial tumors in children demonstrate a diverse histological profi le 
between almost hamartomatous benign lesions and aggressive malignant 
forms compatible to adult glioblastoma. Regardless of their pathology, child-
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hood supratentorial neoplasms require different treatment algorithms de-
pending on their localization and presentation [10]. The most important 
 aspect to take into consideration is that a child’s nervous system is still im-
mature with ongoing differentiation and any insult either by the existing 
 pathology or efforts for treatment including surgery interferes with normal 
 neurocognitive development. Seizures, frequently the single symptom for 
certain benign neoplasms, may require more than tumor resection to eliminate 
and avoid detrimental effects of abnormal neuronal activity. On the other 
hand, most of the benign tumors, despite their indolent course in terms of 
histology, either originate from critical structures like optic pathways or 
 pituitary stalk or reach critical sizes before coming to attention, complicating 
the treatment strategy. While surgical resection remains as the best available 
modality for survival, consequences of resection in terms of quality of life are 
the crucial issue in decision making. Malignant supratentorial tumors have a 
remarkably different response to conventional treatment modalities com-
pared to that in adults. Whereas any treatment combination provides a mod-
est survival benefi t in adult patients, chemotherapy combined with aggressive 
surgery and radiotherapy is associated with prolonged survival in children.

Childhood brain tumors have predilection to specifi c localizations at the 
supratentorial area and can be classifi ed as midline and hemispheric tumors 
(Table 3). Sellar/parasellar tumors, tumors growing from or into the third 

Table 3. Practical classifi cation of childhood supratentorial tumors based on localisation 
with most common histopathological types
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ventricle and pineal region tumors represent midline neoplasms, while low- 
and high-grade gliomas are predominant at the hemispheres. In pediatric 
brain tumors, the evolution of the disease process is important for timing and 
extent of surgery [19]. Signs and symptoms of pediatric supratentorial tumors 
are closely related to localization and growth rate of the neoplasm. Although 
they represent a very heterogeneous group, a signifi cant percentage of su-
pratentorial tumors fall into low-grade category [3]. This requires the tumor 
to grow to considerable size before coming to attention. Depending on the 
location, detection may be shorter due to tumor–brain interaction.

DECISION-MAKING

For midline tumors, the proximity of the growing tumor to the ven-1. 
tricular system, in mainly the third ventricle, results in hydrocephalus. 

Table 4. Differential diagnosis for suprasellar tumors, based on clinical and radiological 
fi ndings
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Sellar region tumors, depending on their direction of growth related 
to optic pathways and third ventricle, initial symptoms may be either 
visual impairment or hydrocephalus. Together with clinical signs and 
MR fi ndings, it is usually possible to predict the histopathology and 
to tailor treatment, accordingly (Table 4). Tumors within or around 
third ventricle, growing either into the third ventricle from suprasel-
lar area or from walls of the third ventricle, represent the intermedi-
ate group of tumors at the midline, between sellar and pineal region 
tumors [11, 15]. Posterior midline tumors arise from the pineal region 
and are represented mostly by germ-cell and pineal parenchymal tu-
mors. When dealing with midline tumors, attention should be given to 
compromised anatomy and physiology as well as tumor resection.
Hemispheric tumors represent more than 25% of all intracranial 2. 
tumors in children. Almost half of these are low-grade gliomas. In 
addition to high-grade gliomas, there are primitive neuroectodermal 
tumors of which a small percentage is high-grade; both gliomas and 
primitive neuroectodermal tumors behave like their adult counter-
parts; patients show signs raised intracranial pressure and mass effect 
and should be dealt accordingly [16]. Low-grade gliomas either reach 
a considerable size or present with raised intracranial pressure when 
originating at silent areas or initiate focal neurological defi cits depend-
ing on the eloquent cortex they reside. Besides low-grade gliomas, 
specifi c tumor types like ganglioglioma, dysembryoplastic neuroepi-
thelial tumor and xanthoastrocytoma represent lesions responsible 
for focal seizure activity and they are not infrequently discovered 
during work-up for childhood epilepsy. Therefore, management of 
pediatric hemispheric tumors may require more than standard tumor 
resection alone in terms of investigation and resection strategy [3].

SURGERY

1. Several approaches are available for supratentorial midline tumors [12]. 
The choice depends on localization, origin of the tumor, co-existing hydro-
cephalus and neural tissue compromise (Table 5). Approaches can be reduced 
to three main categories based on tumor localization.

Anterior midline tumors, composed of sellar/suprasellar tumors are a) 
exclusively extra-axial and can either threaten visual pathways and 
hypothalamo-pituitary axis or obstruct CSF fl ow due to third ven-
tricular extension. Subfrontal and pterional approaches provide ex-
cellent exposure for craniopharyngiomas, optic/chiasmatic gliomas, 
pituitary adenomas and germ cell tumors arising at this localization. 
Pterional approach has the advantages of providing the shortest route 
to sellar area and familiarity due to being used very frequently in gen-
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eral neurosurgical practice. Once tumor is visualized, extent of surgery 
is decided according to pathology and extension; primary aim should 
be to decompress the visual pathways and restore CSF fl ow, if com-
promised. Except for germ cell tumors, almost all other tumors at this 
location are benign and curable with total resection. On the other 
hand, depending on the origin, resection carries devastating morbid-
ity risk in children. Diabetes insipitus, growth retardation, obesity are 
hallmarks of pituitary dysfunction in spite of replacement therapy, 
especially after attempted radical resection of craniopharyngiomas. 
Visual compromise is a serious limiting issue for resection of optic 
pathway gliomas.
Tumors within or around third ventricle, growing either into the third b) 
ventricle from suprasellar area or from walls of the third ventricle, 
represent the intermediate group of tumors at the midline, between 
sellar and pineal region tumors. A great variety of approaches have 
been described to reach the third ventricular region [8]. Main concern 
of all approaches is to reach this location with minimum normal tis-
sue compromise and maximum exposure. No single approach works 
well for every portion of this area neither for any given type of tumor. 
Basic knowledge on the neurophysiology of the neighboring struc-
tures, as well as familiarity to surgical microanatomy, is mandatory for 
choosing and utilizing the appropriate approach. Lesions within or 
around the anterior portion of the third ventricle are most common-

Table 5. Surgical approaches to supratentorial midline tumors and preferred route based 
on localisation and clinical features

Location and pathology Approach Major impairment Consider

Anterior (suprasellar) 
group
Craniopharyngioma
Hypothalamic/
chiamatic glioma

 Subfrontal
 Pterional
  Anterior

Visual loss
   

 
Subfrontal
Pterional

Germ cell tumor
Pituitary adenoma

  Interhemispheric
Hydrocephalus 

 Anterior
Interhemispheric

Middle (3.ventricular) 
group

   

Thalamic/
Hypothalamic glioma

  Transcortical-
transventricular Hydrocephalus (–) 

Anterior
Interhemispheric

Ependymoma  Anterior
Septal glioma   Interhemispheric   

Posterior (pineal) group
Germ-cell tumor Post. 
thalamic glioma 
Ependymoma

 Posterior 
interhemispheric

 Suboccipital 
 Supracerebellar

(+) tumor markers 
for germinoma  

 
 
Endoscopic 
biopsy?
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ly reached by anterior transcallosal and transcortical approaches. The 
anterior transcallosal has the advantage of being the least destructive 
in terms of normal neural tissue incision. Furthermore, it does not 
require hydrocephalus unlike transcortical approach. The rationale is 
to approach the ventricles through interhemispheric fi ssure, a natural 
corridor between the falx and cerebral hemisphere without any cor-
tical incision. The normal tissue incision is made to a small segment 
of corpus callosum. Optimal exposure is provided by a small frontal 
bone fl ap on the coronal suture with the patient in supine position. 
Key points are avoiding extensive retraction of the cerebral tissue, 
identifi cation of pericallosal arteries and their branches and exposing 
enough length of corpus callosum for entrance. Splitting the corpus 
callosum at the midline, parallel to the pericallosal arteries provides 
access to both lateral ventricles. Complications particular to this ap-
proach and technique arise due to cortical bridging vein tears and 
coagulation, extensive brain tissue retraction, damage to pericallosal 
arteries and their branches and erroneous identifi cation of cerebral 
tissue as corpus callosum. The main advantage of transcallosal ap-
proach is the less chance of having postoperative seizures, neurologi-
cal defi cits and subdural effusion, compared to transcortical route. 
Anterior transcortical approach has indications similar to those of  the 
transcallosal approach in terms of localization of the lesion within or 
close to the lateral ventricle. The main disadvantage is that it requires 
dilated ventricles hence thinner cortical mantle for a shorter route to 
the ventricle. One limitation is the necessity to center the cranioto-
my fl ap on the middle frontal gyrus preferably at the non-dominant 
side to avoid the eloquent cortical areas like speech and supplemen-
tary motor areas and the precentral motor stripe. This approach is 
utilized through a frontal bone fl ap with the patient in supine posi-
tion and the head slightly rotated to the opposite side. After dural 
opening, middle frontal gyrus is appreciated for the cortical incision. 
The frontal horn is reached through a cortical incision parallel to the 
middle frontal gyrus. Technical complications for this approach are 
brain injury due to extensive retraction, higher risk for postoperative 
seizures and subdural collection. Once the lateral ventricle is reached 
by either transcallosal or transcortical approach, it is mandatory to 
get familiar with the distorted anatomy in respect to certain land-
marks of the intraventricular structures. Identifi cation of the choroid 
plexus and following this structure anteriorly leads to the foramen of 
Monro. Veins of this part of the ventricle, thalamostriate, septal and 
caudal veins, are directed to foramen of Monro. Potential compli-
cations of intraventricular intervention include damage to draining 
veins or basal ganglia, which may result in hemiparesis; damage or 
traction to hippocampal structures resulting in memory disturbances 
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and mutism. There are several routes leading to the third ventricle 
through the lateral ventricle and the choice depends on several factors 
(Table 6). Most of the lesions localized anterosuperiorly in the third 
ventricle cause hydrocephalus by blocking the foramina of Monro 
uni- or bilaterally. Enlarged foramen of Monro serves as an ideal en-
trance to the third ventricle [18]. Most of the lesions fi lling the anter-
osuperior and middle part of the ventricle can adequately be exposed 
through the enlarged foramen. Main limitation is a small foramina, 
posteriorly extended or posteriorly localized tumors; those require 
either enlargement of the foramen or using other routes. Foramen of 
Monro is delineated by the column of fornix medially and anteriorly, 
thalamostriate vein laterally and by thalamus and choroidal plexus 
posteriorly [12]. Many techniques are advocated for the least hazard-
ous enlargement, including unilateral sacrifi ce of thalamostriate vein, 
incision of unilateral column of fornix or mobilization of choroid 
plexus with unpredictable consequence. Potential complications of 
the transforaminal approach are mutism, drowsiness, hemiplegia and 
memory defi cits caused by traction or injury to periforaminal neural 
and vascular structures. For those tumors occupying the middle and 
posterior part of the third ventricle, interfornicial approach is an al-
ternative. This approach uses the natural plane between the fornices 
at the roof of the third ventricle. It requires a midline transcallosal 
approach to access the roof through lateral ventricular bodies and 
septum pellicidum. It is important to be strictly at the midline and 
recognize both fornices before entering the third ventricle. Potential 
risks are memory loss due to bilateral damage or traction to fornices 
and more serious problems with damage to internal cerebral veins.
Tumors occupying the posterior aspect of the third ventricle are most c) 
 likely to be pineal region tumors or tectal neoplasms extending to 

Table 6. Comparison of three different routes for third ventricular access through the la-
teral ventricle

Approach Tumor 
localization

Advantages Disadvantages

Transforaminal Anterior/
inferior

Natural entrance, no 
additional dissection 
needed, both foramina 
can be used

Requires enlarged foramina, 
diffi cult to expose middle 
and posterior parts

Interfornicial Middle/
posterior

Good exposure from 
the roof, no 
hydrocephalus required

Requires exact identifi cation 
of the fornices, traction to 
fornix may be a problem

Subchoroidal Middle/
posterior

Good exposure
from the roof

Requires familiarity with 
ventricular anatomy, 
meticulous dissection needed
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the postero-inferior ventricular space. A variety of posterior ap-
proaches has been described to access pineal region, each having cer-
tain  advantages and disadvantages. These approaches are described in 
detail at the “pineal region tumors” section.

2. Surgical technique for a hemispheric tumor is no different from that for 
adult counterparts. Whether low- or high-grade, the extent of resection, 
rather than the indication or technique, is the challenging component in chil-
dren. The extent of resection is the most important predictor of prolonged or 
permanent disease-free survival in low-grade tumors [20]. Compared to 
adults, children are  extremely vulnerable to late effects of adjuvant therapy. 
The morbidity of  aggressive excision should be weighed against the poor 
functional outcome caused by radio- or chemotherapy in case of residual dis-
ease [21]. In high-grade tumors, although aggressive resection can relieve 
symptoms and extend the survival, overall prognosis still depends on adju-
vant therapy [16]. One important aspect of hemispheric low-grade tumors in 
children is the surgical planning for those with refractory epilepsy. Gangliog-
lioma, xanthoastrocytoma and dysembryoplastic neuroectodermal tumor 
have predilection to temporal lobe and are invariably diagnosed due to sei-
zures rather than mass effect [5]. It must be kept in mind that seizure activity 
does not necessarily originate from the tumor but from the adjacent cortical 
tissue. This demands an appropriate work-up to tailor the resection area 
besides the tumor tissue for a seizure-free survival.

PART III: HOW TO AVOID COMPLICATIONS

PREOPERATIVE MEASURES

As in adults, measures to minimize the morbidity in pediatric tumor surgery 
begin with preoperative investigation. Due to their diverse physiology, there 
are different priorities and algorithms for pre-surgical preparation of  children. 
Pre-operative chest X-ray, which is mandatory for adults, is questionable for 
children with normal physical fi ndings unless a history for pulmonary dis-
ease, congenital heart disease or asthma is present. On the other hand, a full 
blood count with cross-matching is necessary to appreciate the necessity and 
quantity of blood transfusion. It must be kept in mind that critical level for 
anemia is markedly different in various childhood age groups and should be 
evaluated accordingly, at the given age. Status of liver and renal function as 
expressed by blood tests is important in children as they are easily and 
 adversely affected by anesthetic agents in prolonged exposure.

Positioning of the patient aims to access the tumor along the shortest and 
safest route, minimizing the need for brain retraction. The ideal position 
sometimes interferes with patient safety, increasing morbidity other than 
those related to tumor excision. This is especially profound in children, where 
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the physiological limits are narrower and compensating mechanisms are less 
effective. This, in turn, brings more restrictions and requires more sacrifi ce in 
favor of metabolic and physiological homeostasis over the ease of access to a 
given location in pediatric tumor surgery. From surgical point of view, main 
consequence of a non-physiological position is increased intracranial pres-
sure complicating dural opening and tumor access (Table 7). Among the four 
commonly employed ones, supine position is utilized for the majority of 
 supratentorial tumors. Level of the head compared to body has several con-
sequences in terms of circulation and intracranial pressure dynamics. Leveled 
or lower head position increases the intracranial pressure while extreme head-
up tilt may initiate air embolism as well as hypotension hinder proper hemo-
stasis. Studies have shown that a tilt of 15–30° to horizontal plane helps to 
maintain a low intracranial pressure. Most of the cases require neck fl exion 
and rotation where kinking of endotracheal tube or jugular veins produce a 
predisposition to serious intracranial pressure elevation. Lateral position, 
preferred in temporal and certain posterior fossa tumors need the same safety 
measures as supine, except for extra attention for brachial plexus and periph-
eral nerve traction risk.

Sitting position for infratentorial approach has the advantage of better 
orientation as traditionally being used for adults for several decades. It pro-
vides a better control of the increased intracranial pressure and a clear fi eld 
with CSF and blood swept away from the fi eld by gravity. The disadvan-
tages are risk of air embolism, hypotension, fatigue caused by working with 
elevated arms and pneumocephalus following surgery. Moreover, fi xation 
of head depends on skull thickness and might be impossible in infants. The 
alternative is the prone position, which is also utilized for posteriorly lo-
cated supratentorial tumors, where above mentioned risks are substantially 
decreased. The main disadvantage is pooling of CSF and blood at the op-

Table 7. Disadvantages of main surgical positions

Position Disadvantages

Supine  ICP  with low head position 
 Air embolus and hypotension risk with high head position 
 ICP  with neck fl exion 
 Airway obstruction with tube kinking

Lateral  Peripheral nerve compression plus above

Prone  Pooling of CSF and blood at surgical area 
 Anesthesiologist distant to endotracheal tube and face 
 Aorto-caval compression causing hypotension

Sitting  Risk of air embolism 
 Hypotension 
 Fatigue by working with elevated arms 
 Pneumocephalus
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erative area and anesthesiologist being distant to endotracheal tube and face 
of the child. Aorto-caval compression in prone position may result in seri-
ous hypotension during surgery. Unless a three-pin holder is used, pressure 
to face and  especially eyes should be thoroughly checked to avoid disas-
trous pressure sores. Nevertheless, the current technology and monitoring 
systems are able to overcome the inconveniences due to the position, so 
there is no scientifi c data proving one position to be superior to the other. 
Regardless of the position, special care must be given to neck fl exion. Flex-
ion facilitates a better exposure by distracting C1 and occiput but extreme 
fl exion impedes venous drainage by occluding jugular veins while bending 
of the endotracheal tube impairs air fl ux and excess pressure may cause air-
way damage.

INTRAOPERATIVE ADVERSE EVENTS

Tautness of the dura and stiff brain as a result of increased intracranial pres-
sure is usually due to the tumor and corresponding oedema as well as the 
existing hydrocephalus. Still, it must be ensured that the child has the proper 
position with ideal tilt, no venous compromise due to neck fl exion, no excess 
fl uid introduction and proper ventilation parameters. Same situation during 
the later phases of tumor surgery but not at the beginning is most often due 
to the surgical manipulation such as excessive retraction, bleeding and venous 
infarction. Hypotension due to blood loss or fl uid imbalance, or CO2 reten-
tion due to airway obstruction also contributes to brain stiffness.

Other common intraoperative adverse events in children are hypotension, 
tachycardia and hypothermia, the consequences of which can be more serious 
than for adults. Blood loss, bradycardia, anesthesia level, fl uid imbalance are 
the factors that contribute to tachycardia and hypotension. Hypothermia is 
also a serious intraoperative insult in children and may result from massive 
blood transfusion, exposure of relatively large surgical fi eld and cold irriga-
tion fl uids. One of the most undesirable postoperative conditions following 
tumor surgery is not to recover from anesthesia. In children, besides the neu-
rological insult directly from surgery itself, hypothermia, non-replaced blood 
or volume loss, administration of disproportionately high dose anesthetic 
drugs or insuffi cient reversal of neuromuscular blocking agents might be re-
sponsible and should be questioned.

Children, due to their physiological properties and immature compensa-
tion mechanisms, are more vulnerable to these pre- and intraoperative in-
sults. Moreover, reversing the adverse effects of these insults due to the 
course of tumor surgery and homeostasis of the child is more diffi cult than 
for an adult patient. Therefore, special attention should be given to proba-
ble causes of these events and measures should be taken beforehand by 
both the surgeon and the anesthesiologist when dealing with pediatric brain 
tumors.
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CONCLUSIONS

Considerable advances have been made over the past decades in the treat-
ment of childhood malignancies. Unfortunately, this progress has not been 
refl ected to childhood brain tumors at the same extent and childhood brain 
tumors have remained as the leading cause of cancer-related morbidity and 
mortality. Surgery is still the best available therapeutic approach in provid-
ing disease control for a wide variety of histopathological types of child-
hood brain tumors which can originate in almost any region. Furthermore, 
advanced neuroimaging as well as improved technology at the operating 
theater have impacted greatly on the surgical treatment of brain tumors. 
These facts enhance the role and responsibility of the neurosurgeon on the 
treatment of brain tumors, especially in children. It must be kept in mind 
that, compared to adults, children have different response to an insult as 
well as the treatment modality. The nuances that comprise these diversities 
should be carefully weighed for each age group while planning a treatment 
algorithm for brain tumors.

References

 [1] Albright AL (1999) Medulloblastomas. In: Albright AL, Pollack IF, Adelson PD 
(eds) Principles and practice of pediatric neurosurgery. Thieme, Stuttgart

 [2] Akyüz C, Emir S, Akalan N, Söylemezoğlu F, Kutluk T, Büyükpamukçu M (2000) 
Intracranial ependymomas in childhood – a retrospective review of sixty-two chil-
dren. Acta Oncol 39: 97-100

 [3] Berger SM, Keles E, Geyer JR (1992) Cerebral hemispheric tumors of childhood. 
Neurosurg Clin N Am 3: 839-852

 [4] Büyükpamukçu M, Varan A, Yazici N, Akalan N, Söylemezoğlu F, Zorlu F, 
Akyüz C, Kutluk MT (2006) Second malignant neoplasms following the treatment 
of brain tumors in children. J Child Neurol 21: 433-436

 [5] Cataltepe O, Turanli G, Yalnizoglu D, Topçu M, Akalan N (2005) Surgical manage-
ment of temporal lobe tumor-related epilepsy in children. J Neurosurg 102(Suppl): 
280-287

 [6] Hockley DA, Sgouros S (1999) Tumors of the cerebral hemispheres. In: Choux 
M, Di Rocco C, Hockley A, Walker M (eds) Pediatric neurosurgery. Churchill 
 Livingstone, London

 [7] Maher CO, Raffel C (2004) Neurosurgical treatment of brain tumors in children. 
Pediatr Clin N Am 51: 327-357

 [8] Oi S, Samii A, Samii M (2003) Operative techniques for tumors in the third ven-
tricle. Oper Tech Neurosurg 4: 205-214



558

N. AKALAN

 [9] Packer RJ (1999) Brain tumors in children. Arch Neurol 56: 421-425

[10] Pollack IF (1999) Supratentorial hemispheric gliomas. In: Albright AL, Pollack 
IF, Adelson PD (eds) Principles and practice of pediatric neurosurgery. Thieme, 
Stuttgart

[11] Puget S, Crimmins DW, Garnett MR, et al. (2007) Thalamic tumors in children: a 
reappraisal. J Neurosurg (Pediatrics) 106: 354-362

[12] Rhoton AL Jr, Yamamoto I, Peace DA (1981) Microsurgery of the third ventricle: 
Part 2. Operative approaches. Neurosurgery 8: 357-373

[13] Rorke LB (1999) Pathology of brain and spinal cord tumors. In: Choux M, 
Di Rocco C, Hockley A, Walker M (eds) Pediatric neurosurgery. Churchill 
Livingstone, London

[14] Shu HK, Sall WF, Maity A, Tochner ZA, Janss AJ, Belasco JB, Rorke-Adams LB, 
Phillips PC, Sutton LN, Fisher MJ (2007) Childhood intracranial ependymoma: 
twenty-year experience from a single institution. Cancer 15: 432-441

[15] Sutton LN, Phillips P, Lange B (1992) Midline supratentorial tumors. Neurosurg 
Clin N Am 3: 821-837

[16] Tamber MS, Rutka JT (2003) Pediatric supratentorial high-grade gliomas. Neuro-
surg Focus 14(2): 1-8

[17] Tanriover N, Ulm AJ, Rhoton AL Jr, Yasuda A (2004) Comparison of the trans-
vermian and telovelar approaches to the fourth ventricle. J Neurosurg 101: 
484-498

[18] Ture U, Yasargil MG, Al-Mefty O (1997) The transcallosal-transforaminal 
 approach to the third ventricle with regard to the venous variations in this region. 
J Neurosurg 87: 706-715

[19] Turgut M, Akalan N, Ozgen T, Ruacan S, Erbengi A (1996) Subependymal giant 
cell astrocytoma associated with tuberous sclerosis: diagnostic and surgical charac-
teristics of fi ve cases with unusual features. Clin Neurol Neurosurg 98: 217-221

[20] Varan A, Akyüz C, Akalan N, Atahan L, Söylemezoglu F, Selek U, Yalçin B, 
 Kutluk T, Büyükpamukçu M (2007) Astrocytic tumors in children: treatment re-
sults from a single institution. Childs Nerv Syst 23: 315-319

[21] Varan A, Akalan N, Söylemezoğlu F, Zorlu F, Yalçin B, Akyüz C, Kutluk T, 
Büyükpamukçu M (2006) Central nervous system tumors in patients under three 
years of age: treatment results of a single institute. Pediatr Neurosurg 42: 89-94



559

INTRACRANIAL TUMORS IN CHILDHOOD

Nejat Akalan

Nejat Akalan is Director of Pediatric Neurosurgery and Epilepsy Surgery at Hacettepe 
University School of Medicine, Ankara. Born: November 26, 1957, Ankara, 
Turkey. Medical education: Ankara University School of Medicine, 1974–1980. Neurosur-
gery Residency: Department of Neurosurgery,  Hacettepe University School of Medicine, 
1980–1986. Fellowship: Department of Neurosurgery, University of Washington, Seattle, 
USA, 1988–1989. Ph.D.: Neuroendocrine surgery, Institute of Neurological Sciences, 
Hacettepe University, 1989–1993. Assistant Professor: Department of Neurosurgery, 
Hacettepe University School of Medicine, 1992–1994. Associate Professor: Department of 
Neurosurgery, Hacettepe University School of Medicine, 1994–2000. Membership: 
Turkish Neurosurgical Society, EANS, AANS, ISPN, ESPN, Academia Eurasiana Neuro-
chirurgica. Current affi liations: Treasurer, EANS Secretary, Academia Eurasiana Neuro-
chirurgica Co-editor: Advances and Technical Standards in Neurosurgery. Regional 
Editor: Child’s Nervous System, Editorial Board Member: Neurosurgery, Turkish.

Contact: Nejat Akalan, M.D., Ph.D., Department of Neurosurgery, Hacettepe 
University School of Medicine, Ankara 06100, Turkey 
E-mail: nakalan@hacettepe.edu.tr



NONSYNDROMIC CRANIOSYNOSTOSES
C. DI ROCCO

INTRODUCTION

Craniosynostoses and facio-craniosynostoses constitute an heterogeneous 
group of nosographic entities characterized by the premature fusion of one or 
more sutures of the skull. The phenomenon results in a variety of functional 
and morphological alterations of the craniofacial development and in differ-
ent degrees of cranio-cerebral volumetric disproportion. Aims of the surgical 
correction of these conditions are to counteract the cosmetic and functional 
anomalies of the craniofacial skeleton, to restore the normal spatial relation-
ship between the skull and the contained neural and vascular structures, to 
correct the possibly associated abnormalities of the cerebral blood fl ow and 
cerebrospinal fl uid (CSF) circulation as well as to re-orientate the deviated 
growth vectors of the skull base and vault. Among the various forms of ab-
normal cranial and facial bone development, those collectively defi ned as sim-
ple craniosynostoses allow the neurosurgeon to achieve all the just mentioned 
therapeutic goals by means of relatively simple surgical procedures. The defi -
nition of simple craniosynostosis however implies further characteristics. 
Namely, the functional and anatomical anomalies should be easily identifi ed 
on the base of the mere physical examination without the necessity of spe-
cifi c laboratory investigations. In other words, simple craniosynostoses tend 
to repeat their peculiar phenotype which allow their recognition already at 
the fi rst inspection. Furthermore, their natural history and prognosis can be 
predicted with good reliability. Consequently, the family can be offered a 
defi nite surgical plan, an adequate information on the risks and the advan-
tages of the surgical correction as well as on the long-term outcome.

Facio-craniosynostoses or complex craniosynostoses are completely dif-
ferent. The phenotypic recognition may remain uncertain in many cases, 
such as, for example, in Crouzon’s, Jackson-Weiss and Pfeiffer syndromes, 
where the phenotypic appearance is just a continuum of apparently different 
clinical patterns actually depending on mutations of a single gene FGFR2 
(clinical variability). On the other hand, different genes may express similar 
clinical forms, such as the Saethre Chotzen syndrome which may depend on 
mutations of both TWIST and FGFR3 genes (genetic heterogeneity).

Furthermore, in these malformations, the clinical phenotype can remain 
under-expressed in the fi rst months of life, see, for example, the Crouzon’s syn-
drome which may fi rstly present as the simple fusion of sagittal or coronal su-

Keywords: craniosynostoses, simple craniosynostoses, complex craniosynos-
toses, sagittal, metopic, coronal, lambdoid
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tures to become clinically obvious only in later ages. In other terms, in complex 
craniosynostoses the individuation of the responsible genes is necessary to con-
fi rm the clinical diagnosis and to predict the natural history and the prognosis.

In these synostoses the understanding of the functional and anatomical 
anomalies as well as their variable interaction in the different subjects are par-
ticularly complex. Indeed, the clinical manifestations may depend on variable 
degree of cerebral and cerebellar compression and distortion, cere bral blood 
fl ow impairment, abnormalities in CSF circulation, and defective respiratory 
function. Each of these anomalies may require a specifi c and timely surgical 
correction. As a consequence, the surgical plan may be diffi cult to establish in 
several instances; furthermore, the surgical plan often requires adjustments in 
the course of time in relation to the response of the child and its clinical evo-
lution. Because of this complex surgical man agement, there is nowadays a 
general consensus that the correction of complex craniosynostoses which 
nearly always requires multiple and repeated surgical procedures, some of 
them particularly severe, should be carried out by a team of specialized sur-
geons operating in selected clinical centers. These centers should be supra-
regional in order to treat an adequate number of cases and able to adopt a 
multidisciplinary approach assured by the contemporary presence of at least 
fi ve main surgical specialties: neurosurgery, maxillo-facial surgery, plastic 
surgery, ophthalmological and ear-nose and throat surgery. The surgical team 
should be assisted by several other specialists such as genetists, radiologists, 
orthodontists, psychologists, speech therapists, and specialized nurses.

RATIONALE

The premature fusion of one or more cranial sutures occurs in about 2500 
births. In 85–90% of the affected subjects the phenomenon is not associated 
to any specifi c syndrome whereas in the remaining cases the premature closure 
of the cranial sutures is part of complex syndromes such as Crouzon, Apert, 
Pfeiffer, Carpenter syndromes and many others.

In the past simple or single suture craniosynostoses have been often re-
garded as a purely cosmetic problem. Consequently, the surgical indication has 
been a subject for debate in front of a relatively high surgical risk due to the still 
insuffi cient anesthesiological and surgical techniques. In the last years, the re-
fi nements of these techniques have decreased the surgical mortality to less than 
1%. Furthermore, several studies have pointed on the possible occurrence of 
functional problems mainly related to abnormalities of the intracranial pres-
sure, vision and brain maturation [12]. Psychological investigation have also 
unequivocally demonstrated the negative impact of the cranial deformity on 
the self-esteem of many untreated children as well as the signifi cant associated 
social stigma in most severe cases. As a consequence, nowadays, the discussion 
is no more centered of the possibility of avoiding the surgical correction rather 
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on the optimal timing of the operation and the choice of the most appropriate 
surgical technique. On the other hand, the in dication for the surgical treatment 
of complex craniosynostoses has never be questioned even when the surgical 
mortality and the morbidity were con siderably high. Indeed, the rapidly wors-
ening of the clinical condition in the affected children related to the uncon-
trolled intracranial hypertension and severe respiratory problems prompted 
some kind of surgical correction to be carried out in practically all the cases. In 
many instances, however, the operations were inadequate or performed too 
late. In recent time advances in the physiopathogenetic interpretation of these 
conditions, progresses in surgical techniques as well as in perioperative and 
postoperative intensive care have allowed to modulate the timing and the mo-
dalities of the surgical correction on the needs of the single subject.

Calvarial development. Suture morphogenesis and cranial growth are 
controlled by a complex molecular network regulated by a large number of 
genes. These genes are being progressively identifi ed; some of them are spe-
cifi c to a given cranial suture [2]. Hopefully, they will become candidates for 
targeted therapies besides being useful for screening the mutations which 
cause craniosynostoses.

The formation of the calvarial bones depend on the osteoblasts deriving 
from the proliferation and differentiation of multipotent mesenchimal cells. 
The process (intramembranous ossifi cation) is distinct from that accounting 
for the development of most of the other bones in the body which derive 
from the ossifi cation of a preexisting cartilagineous matrix (enchondral ossi-
fi cation). The calvarial bones originate fi rst from the condensation of the 
mesenchyme into a primary center of ossifi cation. Then, mesenchymal cell 
proliferation and differentiation into osteoblasts take place at the margins ac-
counting for a radial growth of the bone until the osteogenic fronts of two 
calvarial bones approximate each other. Between these two osteogenic fronts 
fi brous structures (sutures) develop allowing fl exibility and changes in shape 
of the skull during growth. The normal activity of the osteogenic fronts re-
quires a balanced control between proliferation and osteoblast differentiation 
and apoptosis ensuring their separation. The premature fusion of the suture is 
the result of the disruption of any of these processes. The phenomenon may 
depend on a variety of causes: genetic mutations, haematologic abnormalities, 
nutritional defi ciencies, exposure to teratogenic agents, endocrinological dis-
orders. Mechanical stresses in utero may also induce craniosynostosis by af-
fecting the expression of the transforming growth factor beta (TGE beta) 
which also has a role in suture formation as demonstrated experimentally by 
applying a constraining cerclage on the uterus of pregnant rats. On the other 
hand, the early fusion of the cranial suture may be caused by decreased me-
chanical forces acting of the calvarial bones and sutures in cases of insuffi cient 
brain growth (microcephaly) or chronic CSF hyperdrainage in children har-
boring extrathecal CSF shunt devices for hydrocephalus treatment (second-
ary craniosynostosis). This type of early suture fusion depends on the altered 
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tension of the dura mater underlying the suture as also the dura mater has a 
role in maintaining the suture patency. In fact, the direct contact with this 
structure is essential for the suture to remain open.

Non syndromic or simple craniosynostoses correspond to a sporadic su-
ture fusion not associated to other developmental malformations. The phe-
nomenon affects generally only one cranial suture and the sagittal one is the 
most commonly involved.

Syndromic craniosynostoses occur in the context of other developmen-
tal anomalies, in particular affecting the limbs. More than a hundred of syn-
dromes with craniosynostosis have been described, most of them with 
recognizable genetic mutations. Crouzon’s and Apert’s syndromes are the 
most frequently encountered and the coronal suture the most frequently 
affected. Indeed this suture is specifi cally involved in FGFR1, TWIST1 and 
EFNB1 mutations and is the most frequent targeted by other genetic muta-
tions such as the FGFR2 mutations (which may, however, affect all the 
remaining sutures too), the FGFR3 mutations (which may also affect the 
metopic suture), and the MSX2 mutations (which may affect also the sagit-
tal suture).

Recent studies indicate that genetic mutations affect each human calvarial 
suture differently, consequently postulating the existence of specifi c gene ex-
pression patterns for each of them. Similar conclusions could also be drawn 
on the grounds of previous reports describing different phenotypes induced 
by known mutations.

With the exception of the metopic suture which fuses within the fi rst year 
of life, the cranial sutures remain patent for many years, although their role in 
the cranial growth become negligible after the fi fth-sixth year of age.

DECISION-MAKING

In the last decades the techniques for the correction of simple craniosynos-
toses have been refi ned considerably and new materials for skull reconstruc-
tion and bone regeneration have been introduced. These progresses together 
with the contemporary advancements in anesthesiological and intensive care 
have allowed neurosurgeons to abandon simple suturectomies in favor of ex-
tensive procedures for calvarial vault remodeling with the aim to obtain bet-
ter cosmetic results and more rewarding functional outcomes. In the same 
time emphasis has been placed on early operations with the multiple purpose 
of utilizing the expansile forces of the developing brain in a period of maximal 
cerebral growth, obtaining a better reshaping of the still fl exible calvarial 
bones and protecting the developing cerebral parenchyma from the increased 
intracranial pressure resulting from the impaired growth of the skull. As ex-
tensive cranial procedures carry an excessive surgical risk in the early months 
of life, it is not surprising if the introduction of the endoscopic techniques has 
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led to a revival of those operations based on strip craniectomies which had 
been previously criticized and abandoned. The introduction of remodeling 
helmet has been critical to the success of this type of procedures, which are 
undoubtedly associated with shorter operative time, minor surgical blood 
loss, and shorter stay in hospital [1].

Crucial for the surgeon’s decision is then the understanding whether early 
operations are really more effective than late corrections. The proponents of late 
surgery emphasize the possibility of obtaining better calvarial reconstructions 
using more extensive and defi nite surgical procedures on a skull, the deformities 
of which have already stabilized and other advantages, besides the child’s higher 
tolerance, such as the minor risk of recurrence. On the other hand, those sur-
geons favoring an early correction of the malformed skull stress that in general 
about one third of the affected infants show abnormally high intracranial pres-
sure levels. However, the equation “craniosynostosis-reduced intracranial vol-
ume” is challenged by volumetric studies which have actually registered higher 
than normal intracranial volumes even in cases of complex craniosynostoses. 
Furthermore attempts to correlate intracranial pressure to the intracranial vol-
ume in craniosynostosis have failed to demonstrate any direct relationship.

As clinically intracranial hypertension in infants with craniosynostosis is 
diffi cult to evaluate without using invasive investigations, the timing of the 
surgical operation remains at the moment based on surgeon’s convinction, the 
training he received as well as collegial interaction.

However, currently early operations appear to be the preferred option in 
the great majority of the cases. In the last years, protocols for blood sparing 
have been introduced at the light of the known infective and immunologic 
risks of allogenic blood transfusions. Preoperative acute normovolemic he-
modiluition, intraoperative and postoperative blood salvage have become in-
tegral steps of the surgical correction of craniosynostosis [7]. The ideal early 
timing for the surgical treatment with concern to blood loss has been estab-
lished on physiological criteria around the fourth/fi fth month of life taking 
into account that in the neonatal period human hemoglobin is present in 
both fetal (HbF) and adult (HbA) forms. Under standard conditions, HbF 
and HbA bind the same amount of oxygen. However, HbF releases only 25% 
of oxygen to the tissues whereas HbA releases 50%. The concentration of 
HbF fades during the fi rst 6–7 months of life to be progressively substituted 
by the more effi cient adult type. At age four months, HbF has already dropped 
at about 16% of the total hemoglobin [7].

SURGERY

1. SCAPHOCEPHALY

The premature fusion of the sagittal suture results in the characteristic elon-
gated shape of the head described under the term of scaphocephaly (in Greek, 
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boat) due to the impaired transversal growth of the skull compensated for by 
the abnormal longitudinal development of its antero-posterior diameter. 
Males are more frequently affected than females. According to the severity of 
the process, the extent of the involvement of the suture and the age of the 
patient at diagnosis various morphological subtypes and additional compen-
satory changes of the skull can be observed. Among the latter, the frontal and, 
less frequently, the occipital bossing may be particularly obvious in infants in 
whom the surgical correction is excessively delayed. In some cases, especially 
when the compensation for the restricted growth of the skull occurs at the 
level of the still open anterior fontanel, the anterior region of the skull can 
maintain a nearly normal size in contrast with the severely reduced latero-
lateral development of its posterior two thirds.

In some instances, a focal depression of the sagittal suture at the parietal 
level gives the skull a peculiar “saddle” shape. Nearly all the infants show a 
bone ridge along the affected suture which can be easily appreciated at the 
visual inspection or at the palpation. Consequently, the diagnosis is obtained 
by the mere physical examination. In a few cases, excessively dilated scalp 
veins may reveal an abnormally increased intracranial pressure. More fre-
quently, however, infants with sagittal craniosynostosis present only transi-
tory abnormal increases in intracranial pressure which can remain clinically 
silent and revealed only by prolonged recordings of intracranial pressure. 
These increases are related to an impaired ability of these subjects to compen-
sate for abrupt increases in intracranial venous volume, such as those brought 
about by physiological events, namely crying, coughing, Valsalva’s mano-
euvres, REM sleep. The alterations in CSF dynamics are likely due to the lost 
ability of the superior sagittal sinus to dilate in order to rapidly dissipate the 
secondarily induced pressure waves in case where its walls are compressed 
within the osseous groove created by the premature ossifi cation of the sagittal 
suture [2]. There is an apparently increasing age-related trend for the in-
cidence of cases with abnormally high pressure with older children more 
involved than the younger ones. The phenomenon appears to bear clinical 
implications on psychomotor development as children operated on at an 
 older age tend to present a lower IQ than children operated on in the fi rst 
months of life [10].

Moderately enlarged lateral cerebral ventricles and CSF pooling at the 
frontal and/or occipital poles should also be regarded as sentinel signs for an 
impaired CSF dynamics on neuroimaging investigations.

Surgical considerations. Scaphocephaly is the most common and most 
benign form of craniosynostosis. It accounts for half of the cases. The surgical 
indication is challenged by the lack of obvious neurological alterations in the 
great majority of cases and by the relatively good natural history in untreated 
subjects. However, the social stigmata associated to the cranial dysmorphism 
and the CSF dynamics abnormalities demonstrated by prolonged recordings 
of the intracranial pressure indicate the opportunity of a surgical correction 
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to be carried out in the fi rst months of life. Late surgical corrections require 
in fact more severe surgical procedures than early operations. Several surgical 
procedures are available to the neurosurgeon, nearly all of them effective in 
achieving the main goals of the surgical correction: to reduce the cosmetic 
deformity, to counteract the abnormal cranial growth vectors, and to correct 
CSF dynamics abnormalities (Fig. 1).

The most utilized surgical procedure consists of multiple strip craniecto-
mies along the fused sagittal suture and both coronal and lambdoid sutures. 
Its aims are to create two relatively mobile parietal bone fl aps apt to accom-
modate the growing brain and to immediately relieve the pressure on the 
supe rior sagittal sinus. In order to diminish the surgical risk some surgeons 
prefer to perform two linear craniectomies parallel to the superior sagittal 
sinus and to leave in place, eventually in pieces, the bone segment including 
the prematurely closed sagittal suture. Other surgeons, however, prefer to 
remove such a bone segment entirely in order to better free the underlying 
venous channel which may be compressed within the bone groove resulting 
from the early ossifi cation of the suture. Additional maneuvers include the 
prolongation of the lower end of the coronal and lambdoid strip craniectomies 
in the temporal bone, parallel to the skull base and the green-stick fracture of 
the base of the parietal fl aps aimed at diminishing their mechanical resistance 
and barrel stave craniotomies on the parietal bone fl aps, apt to favor the plastic 
reconstruction of the calvarial bones (Fig. 2). In the youngest infants an 

Fig. 1. Various techniques for correction of sagittal synostosis introduced in the course of 
the years. On the left, the technique utilized by Dandy



568

C. DI ROCCO

approximation of the frontal and occipital bones may be obtained by using 
stitches between the posterior frontal and anterior parietal borders as well as 
between the posterior parietal and the anterior occipital borders at the level of 
the coronal and lambdoid craniectomies (Fig. 1). Aim of this maneuver is to 
obtain an immediate reduction of the antero-posterior diameter of the skull.

After one year of age, the progression of the malformation, in particular, 
the frontal bossing and the occipital cupping and the excessive elongation of 
the skull base, the marked narrowing of the vault, the thick calvarial bone 
combined with a decelerated cerebral growth do not allow to rely on the ex-
pansile forces of the brain and the compliance of the skull. Then, the surgical 
correction requires more invasive procedure with displacement, dislocation 
and reconstruction of multiple free bone fl aps in order to achieve the cranial 
expansion and in the same time an improved skull confi guration (Fig. 3). 
However, as the abnormally long base can not be made shorter, the cosmetic 
outcome of children operated on too late may be only partially satisfactory.

Recently, interest has been arisen in the surgical treatment of non-synos-
totic forms of scaphocephaly, such as those observed in premature babies and 
in children shunted for hydrocephalus, based on the spring expansion of the 

Fig. 2. On of the most widely utilized technique for the correction of sagittal synostosis 
based on the removal of the segment of the bone above the fused suture and the “opening” 
of the parietal bone fl aps. Barrel stave linear parietal osteotomies may be added to increase 
the plasticity of the parietal bones
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sagittal suture without osteotomy [3]. The affected children present a reduc-
tion of the transverse and an elongation of the longitudinal diameter of the 
skull and look similar to those with synostotic scaphocephaly without how-
ever frontal or occipital bossing. It is still to be understood whether this kind 
of anomaly may jeopardize the psychomotor development. However, the 
minimal blood loss associated to the procedure and its good aesthetic out-
come as well as the normalization in many cases of the Retzius cranial index 
may justify an operation carried out essentially for cosmetic reasons.

Personal surgical technique. We routinely use a minimal invasive tech-
nique apt to reduce the surgical stress, the postoperative discomfort of the 

Fig. 3. Technique for the correction of sagittal synostosis in older children based on the 
creation and replacement in different location of multiple free bone fl aps
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infant, the duration of the hospitalization, and the cosmetic disturbance 
created in most subjects by the stigma of the extended surgical scar which 
ensues standard operations [4]. The technique has the same advantages of the 
endoscopic procedure although it does not require special instruments and 
expertise in endoscopy (Fig. 4).

One of the most unpleasant side-effects of the standard operations for the 
correction of sagittal synostosis is the long visible scar of the biparietal inci-
sion, the inferior margins of which tend to enlarge under the action of the 
temporal muscles. Such a scar is not easy to conceal under the hair, even when 
ad hoc attempts are made such as avoiding skin incisions in front of the tra-
gus, refl ecting the inferior edge of the incision posteriorly above the ear, plac-
ing the incision in the posterior parietal or anterior occipital regions, or using 
a “zig-zag” type scalp incision. The procedure we devised utilize 4 to 6, two/
three cm long, scalp incisions, critically placed according to the shape of the 
deformed skull (Fig. 4). The fi rst two incisions are carried out on the midline, 

Fig. 4. Author’s minimal invasive technique for the correction of sagittal synostosis (for 
further explanation, see text)
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the fi rst of them just behind the anterior fontanel and the second in front of 
the posterior fontanel. The other incisions are made laterally above the mid-
portion of the coronal and lambdoid sutures, respectively. The last two inci-
sions are generally not necessary in the youngest infants, 3–4 month old.

These incisions are utilized to perform linear craniectomies along the 
fused sagittal suture fi rstly and along the coronal and the lambdoid sutures, 
subsequently. The craniectomies are carried out partly under direct visual 
control, partly under the intact scalp (Fig. 4). In such a way, two parietal bone 
fl aps are created which can be mobilized just as with the standard operations. 
The mobilization of the parietal bone fl aps may be facilitated by extending 
the inferior border of both lateral craniectomies in the temporal bone, parallel 
to the skull base.

The ideal candidates for this type of operations are infants 3–4 month old 
but the procedure can be successfully performed in nearly all the cases during 
the fi rst year of life.

There are signifi cant benefi ts from this minimal invasive operation besides 
the relatively small and scattered scars which can be easily concealed under 
the hair. The blood losses during the operation and the immediate postop-
erative period are consistently minor than in standard operations due to the 
limited extension of the surgical wound and galea detachment. For the same 
reason, the postoperative swelling of the skull covering tissues is minimal and 
the infant does not need a postoperative subgaleal drainage. The hospitaliza-
tion period is shorter than that required by the standard operations.

Finally, surgical outcomes evaluated with cranial index (biparietal diame-
ter/anteroposterior diameter × 100) are comparable with those ensuing more 
invasive and complex surgical procedures.

2. TRIGONOCEPHALY

The craniosynostosis resulting from the early closure of the metopic suture is 
the second commonest form of monosutural synostoses and the most fre-
quently associated with other malformations, especially related to the body 
midline structures. Up to three fourths of the affected subjects are males. Due 
to the precocious ossifi cation of the metopic suture, which takes place during 
the intrauterine life, the diagnosis is nearly always possible already at birth 
when the newborn shows the characteristic triangular shape of the forehead 
when viewed from above. A major awareness of the neonatologist may actu-
ally explain the apparently increasing incidence registered in the last decade in 
several referral centers. However, the increase may be real as this type of 
craniosynostosis has been recently related to environmental factors, as, for 
example, the maternal assumption of valproate [9].

In mildest cases, which usually do not require surgical correction, the 
skull abnormalities are limited to a minimal triangular confi guration of the 
forehead and to the presence of a midline bone ridge which tends to disappear 
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with the age. More commonly, the anterior part of the skull is considerably 
narrowed and assumes an obvious keel-shaped appearance, especially in cases 
where the longitudinal diameter of the anterior cranial fossa is elongated in 
the midline to compensate for the reduced widening of the same region due 
to the impaired function of the metopic suture. The keel-shaped deformity of 
the anterior skull results from the median prominence of the precociously 
fused metopic suture, the secondary hypotelorism, the recession of the lateral 
aspect of the orbital rims, and the diminished cranial transverse diameter at 
the level of the anterior temporal regions. The volumetric compensation to 
the restricted growth of the anterior third of the skull occurs at the parietal 
regions along either an horizontal axis, with a consequent enlargement of bi-
parietal diameter, or a vertical axis, with a resulting abnormally increased 
height of the calvaria.

Surgical considerations. Several surgical procedures have been pro-
pounded to treat the condition, all of them aimed at increasing the volume of 
the anterior cranial fossa, at modifying the triangular shape of the skull, at 
correcting the hypotelorism and the recession of the lateral segment of the 
superior orbital ridges. By excepting the endoscopic technique, all these pro-
cedures are based on the following surgical steps: bifrontal craniotomy and 
creation of a frontal bone fl ap in one or two pieces, removal of the nasal pro-
cesses of the frontal bone and the upper part of the nasal bones, lateral ad-
vancement of the superior orbital ridges by pivoting on their sectioned or 
green-stick fractured medial edges, replacement of the frontal fl ap(s) after 
having modifi ed their shape, curvature and orientation. Variations include the 
creation of a free orbital bar and its replacement after opportune remodeling, 
the insertion of a bone graft in the midline gap resulting from the removal of 
the upper part of the nasal bones to correct the hypotelorism without merely 
relying on the natural plasticity of the skull base, and the enlargement of the 
temporal fossa by barrel stave osteotomies.

Nearly all the available surgical techniques allow to obtain good to excel-
lent correction of the cranial deformities. Nevertheless, the neurocognitive 
outcome is not satisfactory in all the instances in spite of the mechanical relief 
obtained with the operation and the creation of an extra-space adequate to 
accommodate the growing brain. Still unidentifi ed subtypes associating a pri-
mary cerebral dysfunction to the impaired skull development could be at the 
base of the phenomenon.

Personal surgical technique. The same considerations made for sagittal 
synostosis apply to trigoncephaly: it is a benign condition and untreated chil-
dren can achieve a satisfactory psychomotor development, though weighted 
by the social handicap related to the cosmetic defect. Consequently, the treat-
ment should be safe and essentially limited to providing additional room for 
the brain to expand and to correct the cosmetic defect and the secondary hy-
potelorism (Fig. 5). All these goals can be reached utilizing a procedure we 
have named “shell operation” because of the characteristic shape of the fron-
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tal bone reminding the Saint Jacques shell [9]. Essentially the procedure con-
sists of a frontal craniotomy allowing to remove the malformed frontal bone 
and part of the parietal bones from a line 1.5–2 cm above the orbital ridges to 
the anterior fontanel (Fig. 6). This fl ap is subsequently remodeled with the 
drilling of the thick ridge of the prematurely fused suture and the anterior 
displacement of its lateral aspects. Barrel stave linear osteotomies converging 
downwards and towards the midline (so mimicking the lines of the shell) 
(Fig. 6) diminish the resistance of the bone and allow to modify its curvature 
using a bone bandeur. The nasal processes of the frontal bone and the upper 
part of the nasal bones are removed. The roof and the lateral walls of the or-
bits are then sectioned and the lateral borders of superior orbital ridges pushed 
forwards in order to compensate for the hypoplasic orbital cavity. The push-
ing maneuver is made using the medial borders of the superior orbital ridges, 
cut only partially, as pivots. The advancement is maintained by replacing the 
remodeled frontal bone between on the advanced superior orbital rims and 
the anterior border of the parietal bones. Outcomes are quite satisfactory 
with the immediate and persistent correction of the forehead. The hypo-
telorism disappears progressively without the need of any interposing mate-
rial to fi ll the interorbital bone gap created by the removal of the upper part 
of the nasal bone and the nasal process of the frontal bone.

3. ANTERIOR PLAGIOCEPHALY

The unilateral fl attening of the frontal bone, nearly always associated to sco-
liosis of the face and commonly to torticollis is the result of the early fusion 
of one coronal suture.

A B
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Fig. 5. One of the most widely utilized technique for the correction of metopic synostosis 
based on the creation and replacement after rotation of two free bone fl aps, the opening 
of the orbital roof and lateral advancement superior orbital ridge after removal of the nasal 
process of the frontal bone and the upper part of the nasal bones
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It is relatively frequent, accounting for the third most common monosu-
tural craniosynostosis and affects females more than males. Up to a tenth of 
the subjects present a familial inheritance; in such cases the molecular anoma-
lies more often found involve the FGFR2 and the FGFR3 genes [8]. When 

Fig. 6. The “shell” operation introduced by the author (for further explanation, see text)
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untreated, the condition rapidly evolves with the progressive involvement of 
the facial skeleton and the base of the skull.

The diagnosis can be easily obtained by visual inspection: the affected in-
fants show an obvious unilateral fl attening and recession of the frontal bone. 
The homolateral eye appears larger than the controlateral one, due to its pro-
trusion secondary to the shallow orbit which results from the defective ante-
ro-posterior development of the anterior cranial fossa. The ocular protrusion 
is accentuated by the elevation of the superior orbital ridge and its lateral re-
cession. A particular strabismus, more easily noticed in the upwards gaze, is 
often appreciable as the consequence of the abnormal insertion of the supero-
oblique muscle within the deformed orbit. The vertical diameter of the orbit 
is increased as it is easy to notice also on the X-ray skull examination. In most 
cases the nasal pyramid is controlaterally deviated and, because of this devia-
tion and that in the opposite direction of the chin, the face assumes a scoli-
otic confi guration. The homolateral external ear is rotated and displaced 

I IIa

IIb III
Fig. 7. Author’s classifi cation of anterior plagiocephaly based of the various degrees of 
facio-cranial bone anomalies
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anteriorly with a diminished lateral canthus–tragus distance. A variable de-
gree of temporal bulging is commonly observed. Most infants tend to keep 
their head twisted and lowered on the homolateral shoulder. The differential 
diagnosis includes postural and, more rarely, ocular plagiocephaly. Recently, 
a further specifi c nosographic entity has been described, namely the anterior 
plagiocephaly resulting from synostosis of the fronto-sphenoidal suture 
[13].

Even though the unilateral fl attening of the frontal bone is the most obvi-
ous anomaly, different degrees of severity of the condition may be distin-
guished on the grounds of the secondary involvement of other cranial sutures 
as well as the morphological changes and deviation of the skull base bones. For 
this reason, a classifi cation has been proposed which distinguishes 3 main 
types [5] (Fig. 7): Type I with a mere unilateral fl attening of the frontal 
bone; Type II, which associates also the homolateral deviation towards the af-
fected suture of the vomer bone and the controlateral deviation of the nasal 
pyramid, without (Type IIa) or with (Type IIb) anterior displacement and 
rotation of the homolateral petrous bone; Type III, which comprises also the 
homolateral deviation of the posterior third of the midline skull base and the 
hypoplasia of the occipital squama and the occipital condyle on the affected 
side. In the last type, the size of the corresponding lateral mass of the atlas 
vertebra exhibits a compensatory excessive growth. As a result, the rotation 
plane of the craniovertebral junction is oblique, consequently accounting for 
the obvious torticollis which infants with Type III anterior plagiocephaly ex-
hibit. This classifi cation is not a mere morphological distinction of different 
degrees of cosmetic and functional deformities; indeed, it bears a prognostic 
value as Type I patients are completely cured by the surgical treatment where-
as Type III children will continue to suffer facial asymmetry and torticollis in 
many instances, with Type II having intermediate surgical outcomes.

The variable surgical results are explained by the fact that all the surgical 
techniques utilized, including the endoscopic procedures, are essentially di-
rected at correcting the precociously closed coronal suture while the associ-
ated posterior skull bone abnormalities are not practically addressed.

Surgical considerations. The main goals of the surgical correction of an-
terior plagiocephaly are to enlarge the hypoplasic anterior cranial fossa and to 
remodel the abnormal orbit. They can be achieved by removing the fl attened 
hemifrontal or the entire frontal bone, by opening the orbital roof and the 
lateral wall of the orbit in order to displace anteriorly and to lower the supe-
rior orbital ridge after having sectioned or green-stick fractured its medial 
aspect. The advancement of the orbit lateral canthus is maintained by using a 
graft taken from the parietal bone or reabsorbable plates and by replacing and 
adequately rotating the frontal bone fl ap, once corrected its shape. When nec-
essary, multiple barrel stave osteotomies and modifi cation in curvature of the 
resulting bone segments by bone bandeur can be carried out to reduce the 
associated temporal bulging (Fig. 8).
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Cosmetic outcomes range from excellent in Type I anterior plagiocephaly 
to good in Type II as the current surgical treatment is quite effective in resolv-
ing the frontal and orbital asymmetry while the facial abnormalities tend ei-
ther to fade away spontaneously or, at least, remain stable after the operation. 
The surgical results are less rewarding in Type III infants with the frequent 
persistence or late recurrence of the head deviation. In this last evenience 
maxillo-facial surgical procedures may be required at an older age.

4. BRACHICEPHALY

The early ossifi cation of both coronal sutures impairs the longitudinal growth 
of the skull and results in a “short head” (in Greek, Brachicephaly). The ensu-
ing transverse and vertical compensatory volumetric expansion of the skull 
contributes to give the affected subjects their peculiar appearance with the 
head becoming not only shorter but also higher and broader than normal. In 
most advanced cases the head assumes a characteristic tower-like shape (tur-
ricephaly). The commonly present frontal bossing is accentuated by the con-
comitant retrusion of the lower part of the frontal bone, the nasal dorsum and 

A B C

D E F

Fig. 8. Intraoperative images of the surgical steps for the correction of anterior plagioceph-
aly (A): removal of the fl attened frontal bone (B), opening of the orbital roof and lateral 
advancement of the superior orbital ridge (C); the advancement of the superior orbital ridge 
is maintained by replacing the rotated frontal bone fl ap (D). Barrel stave linear osteotomies 
may be utilized when required to achieve a better shape of the skull on the frontal fl ap (E) 
as well as on the anterior border of the parietal bone (F)
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the superior orbital ridges. The last anomalies may account also for a certain 
degree of ocular proptosis. Differently from what occurs in faciocraniosten-
oses with early bicoronal fusion, the inferior orbital ridge is nearly always 
normal. In cases with associated prominent temporal bossing it is often 
found a genetic molecular mutation in FGFR3 P250 (Lajeunie-Muenke bra-
chicephaly). The affected infants may also feature sensorineural hearing loss, 
psychomotor retardation, and abnormalities of the hands and feet. Increased 
intracranial pressure is often present, likely accounting for mental retardation 
which is also possible to observe in this type of craniosynostosis. However, 
other factors should play a role as psychomotor delay occurs most frequently 
in females than in males.

Surgical considerations. A signifi cantly high percentage of infants with 
bicoronal synostosis present an abnormal elevated intracranial pressure 
which can remain undetected or heralded only by subtle clinical signs. Con-
sequently, besides the cosmetic correction, it is necessary in these patients to 
resolve the craniocerebral disproportion in early age by enlarging the ante-
rior third of the skull. The standard operation consists of a bifrontal crani-
otomy, the advancement of the supraorbital bar aimed at displacing the 
superior orbital rim anteriorly. The “tongue in groove” technique is gener-
ally utilized. In order to obtain a more physiological inclination for the re-
modeled frontal bone, the advanced orbital bandeau is replaced in a more 
oblique position to reorientate the growth vector anteriorly and counteract 
the tendency that the frontal bone has to develop more vertically and more 
posteriorly in bicoronal synostosis as compared to normal. A 180° rotation 
of the replaced frontal fl ap may provide further room for the growth of the 
frontal lobe by utilizing the large superior concavity of this bone. Addi-
tional maxillo-facial procedures are required in cases of too deep nasal root 
or associate hypertelorism.

5. OCCIPITAL PLAGIOCEPHALY

A bilateral or, more often, unilateral fl attening of the occipital bone is com-
monly due to a postural preference in the fi rst months of life (posterior head 
molding, non synostotic occipital plagiocephaly). Actually, the lambdoid su-
ture does fuse in early life very rarely. As infants tend to remain in the same 
position when put in bed during their fi rst four months, the posterior mold-
ing of the head has become a relatively frequent phenomenon after the pedi-
atricians have started to advise the mothers the supine position to avoid 
infants’ sudden death. Radiological studies are not indicated for the differen-
tial diagnosis as the ossifi cation of the lambdoid suture is uncommon even in 
cases of true synostotic posterior plagiocephaly. On the other hand, sclerosis 
of the lambdoid suture, once regarded a reliable sign of synostosis character-
izing a “lazy” suture, can be found also in positional posterior head molding. 
Furthermore, the positional fl attening is easily recognizable at the physical 
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examination because of the typical parallelogram shape that the head as-
sumes due to the compensatory advancement of the homolateral frontal 
bone and petrous pyramid. In most severe cases, the resulting frontal boss-
ing may erroneously suggest an anterior plagiocephaly. In contrast with the 
dynamic changes induced by the posterior molding of the head, the true 
synostosis of the lambdoid suture tends to attract the petrous pyramid pos-
teriorly and downwards so that the external ear moves in a more posterior 
and inferior position while in the postural plagiocephaly it remains on the 
same plane.

Positional molding only exceptionally requires a surgical correction and 
can be usually managed with physical therapy and by adopting a correct pos-
ture of the head, especially when the condition is recognized before 5–6 months 
of age. Similar good results can be obtained with the helmet therapy. Gener-
ally, however, this therapy proves to be very effective in the correction of the 
posterior cranial deformity but it is associated with a higher incidence of 
persistent asymmetry of the forehead and the face. After the fi rst year of life, 
in cases where the posterior asymmetry is particularly disturbing it is possible 
either to reduce the cosmetic defect using subcutaneous implants or to per-
form a posterior skull expansion.

The surgical treatment is advised in infants with synostotic plagiocephaly, 
especially when the impaired development of the occipital squama results in 
a hemi-posterior fossa unable to accommodate the growing cerebellum. In 
such an evenience, in fact, it is not rare to observe a caudal migration of the 
homolateral cerebellar tonsil into the upper cervical canal. Linear craniecto-
mies along the affected suture or the creation of free fl oating parieto-occipital 
bone fl aps may suffi t to allow the posterior skull to expand. However, more 
extended procedures with bone displacement, replacement and rotation have 
been proposed in order to achieve an immediate correction of the hypoplasic 
posterior fossa without relying of the plasticity of the underlying cerebral 
parenchyma merely. In more recent years, active techniques using various 
types of distractors and springs are increasingly utilized.

HOW TO AVOID COMPLICATIONS

In spite of its more than a century long history, the surgical management of 
simple craniosynostoses is still in its young age. Indeed, the understanding of 
these conditions remains insuffi cient and the role of factors, e.g. genetic mo-
lecular anomalies, which can not be mechanically corrected, still unclear. It is 
likely that such factors might account for the unsatisfactory outcomes, which 
are still recorded after an apparently initially successful operations, more than 
inappropriate surgical procedures.

Insuffi cient physiopathogenetic interpretations continue to limit the sur-
gical indication, especially in mild cases. As compared to the past times, now-
adays the surgical decision is justifi ed by the availability of more effective 
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surgical techniques and better anesthesiological care which have decreased 
the surgical mortality to less than 1 per cent of the cases. Severe complica-
tions such as those depending on the rupture of great vessels or cerebral 
contusions range on the same low level. Also wound and bone infection rate 
is currently very low, remaining between 0.5 and 1.5% in all the major 
series. Minor complications, such as dural tears or defective new bone for-
mation, are still encountered. However, they rarely impact on the surgical 
outcome signifi cantly. Recurrences, once the most feared complication, 
have become very uncommon at the level of the treated suture. More often, 
indeed, the term refers only to a progression of the disease, either because 
of further involvement of other cranial sutures besides the one operated on 
or because inadequate surgical modalities unable to arrest the natural his-
tory of the disease, e.g. the mere correction of the frontoorbital asymmetry 
in anterior plagiocephaly.

CONCLUSIONS

Increased awareness, more refi ned surgical techniques, improved anesthesio-
logical care and decreased risks associated to the operation justify the current 
increasing interest paid to the treatment of simple craniosynostosis and ac-
count for the proliferation of centers dealing with this type of malformations. 
In contrast, there has been a surprising little progress in developing tools apt 
to evaluate the surgical outcomes objectively. Most of the current grading 
systems are still based on subjective evaluation of the cosmetic results by the 
neurosurgeon, the family and, more rarely, the patient. Also of limited value 
are those systems which take into account other variables, such, for example, 
the number of reoperations judged to be necessary to reach a satisfactory cor-
rection. More objective criteria are provided by anthropometric analyses of 
which the cranial index is probably the best known. Although quite widely 
utilized and enough reliable for specifi c forms of craniosynostosis, namely 
sagittal synostosis, this index, however, cannot grade the persistence of focal 
abnormalities, e.g. an excessively fl attened temporal fossa, which may impact 
on the cosmetic appearance unfavorably. Further objective evaluations such 
as neuroradiological studies imply the risk of radiations, which is not justifi ed 
in this type of patients.

Probably the most disturbing consideration regards the limits in evalu-
ating the cognitive outcome. Indeed, it would be extremely important for 
the neurosurgeon to know whether the increased surgical risk associated 
with an early operation is ever justifi ed in terms of improved psychomotor 
development. Most of the published papers are biased by the still unproved 
believe that the surgical brain decompression obtained by the opening of 
the cranial results in eliminating the risk of mental developmental impair-
ment. However, while the advantages of an early surgical treatment have 
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been unequivocally demonstrated in complex craniosynostoses through the 
obvious benefi ts of an early correction of the associated hydrocephalus and 
impairment in venous circulation, in monosutural synostoses such an evalu-
ation is not possible. Most of these children develop normally and the psy-
chomotor retardation shown by a minority of them should be blamed to 
the still insuffi cient ability to detect these cases who likely suffer from a 
primary cerebral dysfunction rather than to an insuffi cient or too late op-
eration. At the moment, only a few studies are available with objective 
measures to evaluate the advantage of an early versus a late correction [11]. 
However, they are based on relatively crude indexes, e.g. the intelligence 
quotient and not on the evaluation of all the functions involved in psycho-
motor development.

Actually, very little is known about the natural history of untreated chil-
dren. The historical evidence is biased by the inclusion in the reported clinical 
series of subjects with cerebral atrophy or other kind of cerebral anomalies 
which could not be detected with the diagnostic tools available at that time. 
Finally, most of the studies analyzing cognitive outcomes have been carried 
out in the very young population or at relatively short temporal distance from 
the surgical corrective procedure. Consequently, the cognitive outcomes of 
adolescents and young adults remain to a vaste extent a fi eld still open to fur-
ther investigations.
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MANAGEMENT OF LUMBOSACRAL LIPOMAS
A. PIERRE-KAHN

INTRODUCTION

Congenital lumbosacral lipomas are the most common form of occult spinal 
dysraphism. They are part of a loco-regional malformation involving almost 
always the skin, the spine and the nervous tissue. The most characteristic neural 
anomaly is a low-lying cord. These lipomas are diagnosed usually pre- or im-
mediately post-natally. A few, however, are seen later on during childhood or 
adulthood, because of evolving sensory-motor, sphincterian or orthopedic de-
terioration. In 1950, Basset proposed [1] to operate on asymptomatic patients to 
prevent them from late deterioration. This concept of preventive surgery be-
came the gold standard of treatment after the publications in 1981 of James and 
Lassman [5] and of Yamada [9] who demonstrated the development of neuro-
nal dysfunction in response to acute stretching of the terminal cord on rats. 
Recently, however, prophylactic surgery was questioned [7] at least for lipomas 
of the conus and, now, a growing number of pediatric neurosurgeons would not 
operate any more on asymptomatic patients [2–4, 8, 10], estimating that surgery 
is risky and does not modify the natural history of the malformation.

RATIONALE

Lipomas of the fi lum must be distinguished from those of the conus, much 
more frequent and complex.

Lipoma of the fi lum (Fig. 1). The lipoma involves the whole length of the 
fi lum or only part of it. The dural sac is almost constantly normal and the le-
sion subarachnoid. Roots around are always normal, easy to recognize, only 
slightly adherent to the fi lum.

Lipoma of the conus. Typically, the lipoma develops both subcutaneously 
and intradurally (Fig. 2). The stalk joining these two components passes 
through a defect of a spina bifi da and of the dura. The intradural lipoma is 
anchored to the conus. The interface between the two structures is usually 
resistant and whitish, extending in average from L4 to S3. The intradural lipo-
ma may compress the cord. Recognition, dissection and preservation of the 
roots and of the interface may be compromised by (1) the density of the ad-
herences, (2) a posterolateral insertion of the lipoma on the cord (Fig. 3) with 
then intralipomatous roots (Fig. 4), (3) an extraspinal extension of the cord 
(Fig. 5). Strictly intradural lipomas are rare.

Keywords: lumbo-sacral lipomas, pediatric neurosurgery, spine
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The most common associated malformations are cutaneous and vertebral, 
(90% of the cases). Cutaneous stigma on the midline of the back have variable 
diagnostic values (Fig. 6): very high in the case of bump, deviation of the 
intergluteal fold, or coexistence of two or more lesions, whatever their type, 
low in the case of atypical dimple, aplasia cutis, dermal sinus, “queue de 
faune”, and very low in the case of hemangioma, port-wine stain, hypertri-

Fig. 1. Lipomas of the fi lum. On the left, operative view of a lipoma involving the whole 
fi lum. On the right, MRI, T1 sagittal view, showing in another case a lipoma of the fi lum

Lipoma

Cutaneous “stigma”

Dura-mater

Low-lying
conus terminalis

Fig. 2. Schematic representation of a typical lipoma of the conus
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chosis, fi broma pendulum, pigmentary noevus, coccygeal dimple. The spina 
bifi da involves often the whole sacrum, extending frequently to L5-4. Sacral 
agenesis is rare, but almost constant in patients with urogenital or ano-rectal 

Fig. 3. Operative views of three different types of insertion of the lipoma on the cord. Left 
up: dorsal insertion; left down: caudal insertion; right: posterolateral insertion. In this last 
case, some of the roots emerge directly from the lipoma

Fig. 4. Schematic representation of a lipoma inserted on the posterolateral aspect of the 
cord. Roots, on one side, are intermingled within the lipoma before emerging from its lateral 
aspect
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Fig. 5. Sagittal view of MRIs in two different patients showing a meningo-myelocele in both 
cases. In each of them, the cord extends extra-spinally and is in close relationship with the 
subcutaneous lipoma. On the left (T1 sequence), the terminal cord ends within the lipoma 
and the interface is visible. On the right (T2 sequence), the malformation is more atypical 
since the herniated nervous tissue is not the tip of the terminal cord but the conus itself. 
Note the presence of an extensive syringomyelia in this case

Fig. 6. Cutaneous stigma. Left: two cases presenting a lumbosacral subcutaneous bump 
very suggestive of a lipoma. Left down: the bump is associated with other cutaneous anom-
alies that are frequently seen in any other types of occult dysraphism. Right: minor cutane-
ous anomaly (deviation of the intergluteal fold) remained undetected until adolescence and 
the insidious development of an urogenic bladder
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anomalies. Scoliosis is generally related to vertebral bodies malformations or 
shortening of a leg. Syringomyelia is noted in ¼ of the patients essentially at 
the lower cord. Other intradural malformations are exceptional. Brain anom-
alies are extremely rare (3%). Extra-axial malformations are described in al-
most ¼ of the cases, essentially urogenital and ano-rectal.

DECISION-MAKING

1. DIAGNOSIS

1.1 Prenatal diagnosis

Ultrasonography may make the diagnosis from week 17 on the basis of a lum-
bosacral spina bifi da, hyperechogenic skin, low-lying cord and normal in-
tracranial anatomy. The presence of a meningocele may lead to erroneous 
diagnosis, the lipoma revealing only at birth or at the very end of the preg-
nancy. Prenatal MRI does not provide more information than echography.

1.2 Perinatal diagnosis

Cutaneous anomalies are the key of the diagnosis. In their absence, or when the 
anomaly is minor (Fig. 6), the diagnosis is often delayed for years and has even 
the greatest chances to never be done if the patient remains asymptom atic.
Congenital defi cits are rare (22% of our patients), resulting from root mal-
formations. They are exceptionally obvious, and bilateral. Most often, they 
are extremely diffi cult to assess in neonates and infants. A thorough neuro-
logical examination including feet, toes and anus is mandatory. Voiding dif-
fi culties remain frequently unapparent in the absence of clear incontinence 
or repeated urinary infections. Urodynamic studies at birth and every 6 
months until the age of two years, and at any age in case of doubt, are recom-
mended. MRI is the fi rst necessary investigation in the presence of a bump or 
of defi cits to confi rm the diagnosis. Sagittal and axial views in T1-T2 weight-
ed images are necessary. Fat saturation and gadolinium may be useful. In our 
experience, dynamic MR has been always useless. Ultrasonography must be 
proposed fi rst under the age of 2 months in asymptomatic babies with cuta-
neous anomalies of low or very low diagnostic value. Doing so, MRI can be 
avoided if ultrasonography is normal. Brain MRI is unnecessary.

1.3 Diagnosis in children and adults

Neurological symptoms are predominant and cutaneous anomalies absent or 
minor (Fig. 6).

Sphincter disorders• , especially micturation diffi culties, are the most 
common. Incontinence results mainly from dysuria, pollakiuria, 
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urgent micturation and incomplete voiding. Bladder infection or 
pyelonephritis is not rare, due to urinary retention. Constipation ne-
cessitating digital evacuation is not rare, but frequently concealed by a 
pseudo diarrhea. It is always associated with urinary disorders.
The neuro-orthopedic syndrome•  is typically unilateral or asymmetrical 
(clubfoot, equino-varus deformation, clawing of the toes, hypotrophy 
of the leg) and affects 1/3 of the patients. At examination, one third 
have a motor neuron syndrome but hyperrefl exia is usually associ-
ated with abolished refl exes. Hypoesthesia and trophic ulcerations are 
much more rare.
Sexual dysfunction•  is almost constant in symptomatic adults.
The caudal syndrome•  is exceptional (1.8–5.1%) and associates sacral 
agenesis, presacral mass and perineal malformation(s). Its diagnosis is 
usually made at birth on perineal malformations, but sometimes only 
in adulthood when symptoms are limited to moderate bowel dysfunc-
tion and unspecifi c neurological signs. A heterozygous point muta-
tion of the coding sequence of HLXB9 gene on chromosome 7 (7q36) 
has been observed recently in these patients [6].

Urodynamic studies should be part of the decision-making work-up, even in 
the very young and in case of unsuspected urinary troubles. They may reveal 
a combination of hyperactive bladder and vesico-sphincter dyssynergia.
Spinal MRI is necessary in all cases.

2. EVOLVING DEFICITS

It is frequently said from medical data that the older the patients, the worse 
their neurological condition. This is a misinterpretation, healthy carriers never 
appearing in medical statistics. It might simply signify that adults, when dete-
riorating, systematically require care and hospitalization. In our experience, 
deterioration affects a minority of patients (Fig. 8). The diagnosis of evolving 
defi cits is often diffi cult to make early due to their usually slow progressiveness 
or even to assess. For example, evolving deformation of an already known 
clubfoot can simply result from growth. Urodynamic studies and/or electromy-
ography of the lower limbs are therefore extremely useful at any doubt.

3. FUNCTIONING SCORING SYSTEM

To appreciate the functional and social repercussion of the malformation, it is 
useful to dispose of a specifi c scoring system as the one developed in our 
department (Table 1). This system takes into account the motor, sensory, 
vesical and anal handicaps. Normality is given a score of 5 for motor and uri-
nary functions and of 4 for sensory and anal functions. Asymptomatic pa-
tients have a score of 18. A normal life is compatible with a score above 15.
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4. SURGICAL INDICATIONS

In the presence of congenital defi cits• , there is a general agreement in 
favor of systematic surgery, although such defi cits will never regress.
In the presence of acquired or evolving defi cits• , surgery is mandatory, 
as early as possible after the recognition of the defi cits. It is the only 
way to improve the patient and probably the sooner the surgery, the 
better the results. The diffi culty, however, is to recognize a defi cit at 
its onset because of its usually insidious installation.
In the presence of postoperative evolving defi cits• , a fi rst redo surgery is 
mandatory despite its diffi culty and risks. In the case of continuing, we 
would now not recommend further re-operations but exceptionally.
In the absence of defi cits• , there is still no consensus.

 In asymptomatic lipomas of the fi lum, prophylactic surgery is prob-
ably acceptable, the risk of surgery being quasi nil and the vast ma-
jority of the operated patients, if not all, remaining asymptomatic 
along with time. Does surgery have a truly preventive effect? None 
can answer for the moment, the natural history of this malforma-
tion remaining unknown.

 In asymptomatic lipomas of the conus we consider that “preventive” 
surgery does not fulfi ll the ethical rules prevailing in other fi elds of 
the medical practice and cannot be advised any longer. On the basis 
of our non-randomized study, we can conclude indeed that (1) The 
treatment is not without risk (3.4% of neurological complications 
in our hand) and not always satisfactory (2) “Preventive” surgery is 
not preventive, the pattern of deterioration with or without surgery 
being at least similar (Fig. 8). (3) The pathology is far from being as 

Table 1. The modifi ed Necker Enfants Malades (NEM) functional score. The scoring levels 
for children and adults are written in standard script, while the scoring levels for neonates 
and infants are written in italics. D&N: day and night

Score Motor Sensory Bladder Bowel

1 Wheelchair 
Major defi cit

Skin ulceration 
Amputation

D&N Incontinence 
Incontinence

Incontinence

2 Major orthesis 
2 crunches

Pain Night 
Incontinence 
Retention

Painful 
constipation 
Digital maneuvers

3 Distal orthesis Painless defi cit Intermittent 
catheterization

Constipation

4 Fatigue on 
walking

Normal Dysuria, stress 
incontinence

Normal

5 Normal  Normal  
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severe as previously described. (4) Finally and from a functional 
point of view, patients are better after surgery at fi rst symptom than 
after routine and early surgery (Fig. 9).

Asymptomatic patients with a lumbosacral lipoma of the conus should be 
submitted to a strict protocol of surveillance and operated only at fi rst symp-
tom. The protocol should include, as it does in our daily practice, (1) thorough 
and multidisciplinary clinical examinations, at referral, every 6 months until the 
age of 2 years, then every year, (2) urodynamic studies at referral and every six 
month until the age of the continence (grossly two year of age) and later on at 
any doubt, (3) MRI at diagnosis, at one year to assure that the lipoma has not 
increased, and later on every fi ve years until growth is fi nished. EMG of the 
legs and perineum was part of our protocol at the beginning. It ceased to be so 
because this investigation is both painful and diffi cult to interpret. It may be 
useful, however, if a new defi cit is questionable.

SURGERY

1. SURGICAL TREATMENT

Principles. Surgery aims to untether the cord, decompress it if necessary, spare 
the functional nervous tissue and prevent from retethering. It must be con-
ducted under optic magnifi cation and micro-instruments. In the case of lipo-
ma of the conus, ultrasonic aspiration and contact laser are extremely useful. 
Intra-operative neuro-physiological recording is theoretically useful to dis-
tinguish functional roots from fi brotic bands but, in our experience, it did not 
give the security expected because stimulations were not permanent and re-
cording from sensory roots not totally reliable, in particular from sphincte-
rian rootlets. For these reasons, we stopped using it since 1994.

1.1 Surgery for lipoma of the filum

It is a one-hour procedure. A small cutaneous incision is suffi cient, vertical or 
horizontal to put a distance between it and the gluteal furrow. The dural sac is 
reached through an inter-spinous approach between L5 and S1. A one-cen-
timeter incision allows recognition, isolation, division and resection of 1cm of 
fi lum. It is frequent that the fi lum retracts strikingly after its division.

1.2 Surgery for lipoma of the conus

The cutaneous incision•  is vertical on the midline, or horizontal when 
the lipoma is sacral, to limit risks of postoperative infection.
The resection of the subcutaneous lipoma•  is, in our opinion, better 
minimal than total or subtotal to prevent the creation of a dead space 



593

MANAGEMENT OF LUMBOSACRAL LIPOMAS

in which the CSF could collect postoperatively. The residual subcuta-
neous lipoma is easy to remove later on by liposuction.
A laminectomy•  of the lowest or the two lowest normal laminae is, in 
general, necessary to expose the normal dura and the upper part of 
the lipoma.
The dural incision•  is made rostro-caudal, circumscribing the stalk of 
the lipoma.
The division of the subdural adhesions•  is crucial both to expose the 
lateral aspects of the lipoma and the underlying roots and to free 
the cord. The severity of the adherences, a missing dura replaced by 
musculo-aponeurotic bundles, or shortness of roots may be such that 
freeing of the cord is impeded, at least partially.
The degree of removal of the intraspinal lipoma•  varies, in the litera-
ture, from minimal to “total”. There is no doubt that “total” remov-
al in an attempt to reach the fi brotic interface is doable, but carries 
the intrinsic risk of injuring the posterior columns, provoking severe 
and durable pain, trophic ulcers or bladder paralysis. For that rea-
son, we no longer advocate as complete a resection as we did in the 
past, especially as we have not found any correlation between post-
operative results and degree of removal. Removal of the lipoma must 
be cautious and necessarily limited in the case of a posterolateral 
insertion of the lipoma because of the presence of intra-lipomatous 
roots.
The closure of the placode•  is not always possible, depending upon 
its shape and the volume of residual lipoma. In our experience, the 
closure edge to edge of the placode does not prevent from postop-
erative re-adhesion but facilitates an eventual second surgery.
The drainage of a terminal syrinx•  by means of a myelotomy or a drain 
is not recommended, as we found no correlation between patient’s 
pre- and postoperative status, and the presence or the size of a syrin-
gomyelia. Many syrinx regress postoperatively.
The enlargement of the dural sac•  has been recommended to prevent 
postoperative retethering. Many prosthetic materials have been pro-
posed, including Gore-Tex® more recently, but none has proved to be 
better than the other. None prevents from postoperative adherences 
or reduces the risk of late postoperative deterioration. For these rea-
sons, we ceased to systematically enlarge the dural sac. In our patients, 
re-adherences were constant whatever the technique used. Interest-
ingly, of these patients, only a few developed further symptoms re-
lated to a tethered cord syndrome, illustrating the fact that fi xed cord 
and tethered cord are different concepts [4].
The closure of the dura• , with or without enlargement, is never 
 waterproof because of constant dural anomalies. It may also be 
difficult or impossible when the dura is largely missing, obliging 
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to fix the edges of the dura or of the duroplasty to the paraspinal 
muscles.
Postoperatively• , knowing the frequency of temporary mictional dif-
fi culties, we recommend leaving in place a urinary catheter for 2–3 
days.

2. OUTCOME

2.1 Long-term postoperative outcome of symptomatic patients

It is frequently said that preoperative defi cits rarely regress postoperatively. 
This is one of the main arguments in favor of preventive surgery. This is clear-
ly not our experience where only clubfoot, scoliosis and congenital defi cits 
never regressed. Pain usually totally disappears. For the rest, the long-term 
results depend upon the type of lipoma [7].

In lipomas of the fi lum, results are excellent. In our series, 41% of the pa-
tients were cured, 12% improved, and 47% stabilized.

In lipomas of the conus, results tended to erode with time. The percentage 
of patients worse than before surgery increased from 9% at one year to 29% 
at more than 5 years. We noticed that the outcome actually depended upon 
the immediate postoperative results and that the better they were, the better 
it was. Most of those who clearly improved at one year remained improved. 
Conversely, many of those who apparently stabilized or suffered from 
 transient postoperative complications deteriorated with time. Nevertheless, 
70% of the patients took advantage of the surgery being either improved or 
stabilized.

2.2  Long-term outcome of preventive surgery in asymptomatic 
patients

The outcome differs according to the type of lipoma [7].
In lipomas of the fi lum, results are as excellent as in symptomatic patients. 

In our series, only one patient slightly deteriorated with time.
In lipomas of the conus, results erode with time. This was clear in our 

series (Fig. 7) and has been confi rmed by several others [2–4, 8]. Retethering 
is probably not the sole explanation. An underlying myelodysplasia could 
also play a great role in this decline, explaining why long-term deterioration 
is a problem in lipoma of the conus and in myelomeningocele but not in 
spinal cord tumor, arterio-venous malformation or lipoma of the fi lum, all 
situations where myelodysplasia is absent or minor. It could also explain 
the failure of some redo surgeries that do not avoid postoperative continu-
ous deterioration. Patients with minor myelodysplasia and severe retether-
ing have good chances to be improved or even cured surgically. Those, in 
contrast, with severe myelodysplasia, will probably not improve or even 
continue to worsen.
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2.3  Long-term outcome of conservative treatment in asymptomatic 
lipomas of the conus

The spontaneous long-term history of asymptomatic lipomas of the conus 
parallels the long-term outcome after “preventive” surgery [10]. In our series, 
32% (n = 33) of the 106 asymptomatic patients treated conservatively devel-
oped symptoms in a 10 year follow-up. After surgery, 7 of these (51.5%) re-
turned to normal (score = 18), 2 improved (6%), 10 remained unchanged 
(30.3%), 2 were aggravated by surgery and 2 continued to deteriorate. At fi -
nal follow-up, 82% of the 106 patients were strictly normal (score = 18) and 
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Fig. 7. Survival curve showing the deterioration-free survival following “preventive” surgery
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91% had minimal handicap (score = 16/17), allowing normal life. These data 
were respectively 60% and 70% after “preventive” surgery but the difference 
is not statistically signifi cant. The survival curves of both surgical retrospec-
tive and conservative prospective studies are presented in Fig. 8. At 10 years, 
the actuarial risk of deterioration, as determined by the Kaplan-Meier meth-
od, was 32% for the conservative treatment vs. 42% for the surgically treated 
patients, the difference not being signifi cant.

2.4 Re-operations

Re-operations are always diffi cult and detethering often limited. Neverthe-
less, there is a consensus in favor of a fi rst redo surgery in the case of sponta-
neous deterioration following a fi rst surgery. Further re-operations are more 
diffi cult to indicate. Indeed, if a fi rst reoperation is usually benefi cial, the 
same cannot be said about further surgeries. In our series, a few children un-
derwent 3 to 5 consecutive surgeries, all without profi t. All of them are now 
more or less severely handicapped with self urinary catheterism, frequently 
severe constipation, sexual diffi culties if adults, sensory-motor defi cits with 
amyotrophia, walking diffi culties and trophic complications in a few cases.

HOW TO AVOID COMPLICATIONS

1. SURGICAL COMPLICATIONS

In lipoma of the fi lum, surgery is benign in nature and the patient discharged 
at day 3–5. The incidence of complication is quasi nil. However, it must be 
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reported that the only death among our 671 patients was for a fi lum surgery 
due to dramatically acute meningitis.

In lipoma of the conus surgery is much more risky.
Local complications•  occur in an average 25% of the cases. The subcu-
taneous meningocele is the most frequent, often complicated by skin 
disunion, CSF leak and infection. Its treatment implies compressive 
bandages and repeated punctures to apply the skin to the underlying 
tissues. Reoperations to close the fi stula were necessary in 3% of our 
patients.
Transient neurological complications•  have been mentioned in the lit-
erature, but not their incidence. In our patients, urinary and motor 
defi cits were the most common, noted in 7.5% of the cases. They gen-
erally cleared up in a few weeks as EMGs and urodynamic studies 
normalized. Pain rarely needed aggressive treatment.
Permanent neurological complications•  occurred in 3.4% of our 
 patients.

 Sphincter-related complications were the most frequent. Urinary 
retention was much more common than incontinence.

 Motor defi cits were unilateral, distal and moderate in the vast 
majority of the cases. One patient, however, developed a dramatic 
paraplegia associated with an immediately postoperative encephali-
tis, pancreatic, kidney insuffi ciency and hemoglobinuria. The cause 
of this dramatic outcome is thought to have been the hemoglobinu-
ria, itself supposed to be consecutive to a long-standing surgery. All 
the troubles regressed but the paraplegia.

 Trophic ulcers are exceptional, probably consecutive to injury of 
the interface and the posterior columns.

2. PREVENTION OF POSTOPERATIVE COMPLICATIONS

A few rules or advices must be put forth: (1) to leave the largest possible 
volume of subcutaneous lipoma in order to prevent the subcutaneous 
meningocele, (2) to reduce the volume of the residual lipoma later on by 
lipo-aspiration, (3) to leave a few millimeters of lipoma over the interface 
in order to not injure the posterior columns, (4) to accept to not achieve a 
total untethering of the cord as soon as roots are unrecognizable among 
adherences.

CONCLUSIONS

Two conclusions must be drawn from our 35-year experience with lumbosa-
cral lipomas. The fi rst one is that any study on lipomas must distinguish lipo-
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mas of the fi lum from those of the conus. These two lesions have almost 
nothing in common from both clinical and therapeutic aspects. To the sim-
plicity and benignity of the fi rst type, one must oppose the complexity and 
frequent severity of the second one. The second conclusion is that treatment 
of asymptomatic lipomas of the conus is no more acceptable, implying risks 
and not improving the natural prognosis of the pathology. “Preventive” sur-
gery in this fi eld remains a dream. The error has been to advocate this concept 
before knowing the natural history of lipomas and weighting operative 
 advantages.

In addition to treatment recommendations, we should emphasize the fact 
that fi xed cord does not mean tethered cord [4]. Following surgery, 100% of 
the patients develop new adherences tying up again the cord to the dura but, 
among them, only a few will deteriorate. The same reasoning should be held 
when a lipoma is diagnosed in absence of defi cits. The presence of a cord at-
tached to a lipoma and surrounding structures does not mean that the cord is 
necessarily tethered and at risk of dysfunction. We should also remind that 
tethering might not be the only factor causing neurological worsening since 
some patients aggravate ineluctably whatever has been done surgically. This 
certainly suggests that surgery does not ameliorate all of the relevant patho-
physiological factors.
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MANAGEMENT OF ENCEPHALOCELES
K. K. N. KALANGU

INTRODUCTION

Cephalocele is a herniation of intracranial contents through a defect on the 
skull [4, 5] and according to the nature of the contents, they will be called 
meningoceles if they contain only meninges, encephaloceles when they con-
tain brain and meningoencephaloceles when they contain both. If the herni-
ated brain contents include a portion of the ventricle, it will be referred to as 
a ventriculocele. Cephaloceles are also classifi ed according to their location 
[4, 9], occipital (70–75%) and frontal (25–30%). The overall incidence of 
cephaloceles is about 0.8–3.0 per 10,000 live births with encephaloceles being 
the most common form [3, 8].

Frontal encephaloceles are most common in Asians [5, 9] though they have 
been described in Africans as well [5, 9]. Those lesions that extend from the area 
of the orbit, nose or forehead are called sincipital encephaloceles (Table 1). 
Transphenoidal and basal encephaloceles are rather rare. The pathogenesis is 
not well known; however current theories tend to favor the fact that it is a 
primary disturbance in the separation of neural and surface ectoderm during 
the fi nal part of neural tube formation [4].

RATIONALE

Clinical features. Usually, the diagnosis is easily made at birth and consists of 
a fl uctuant, round, translucent or opaque mass that protrudes from the skull. 
The mass may be covered completely by normal skin and may also pulsate. 
Prenatal diagnosis is made around 16 weeks of gestational age particularly for 
large lesion [7, 8].

Neurologic examination is most of the time normal at birth except in cas-
es of severe developmental abnormalities of the brain. Particular attention 
should be paid to visual function in cases of huge occipital encephaloceles.

Special mention must be made for the frontoethmoidal or sincipital enceph-
aloceles which present as a facial mass and they are characterized by a defect 
between the ethmoidal and frontal bones, at the foramen cecum, with the crista 
galli at the posterior aspect of the defect [2, 5, 9]. They are divided into:

Nasofrontal when they protrude at the root of the nose above the 1. 
level of the nasal bones. The medial orbital walls are displaced later-
ally, and the ethmoidal bone is displaced posteroinferiorly.

Keywords: encephaloceles, pediatric neurosurgery, cranial malformations
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Nasoethmoidal when they protrude below the nasal bones uni- 2. 
or bilaterally and in front of the nasal septum and cartilage at their 
attachment to the ethmoid nasal mucosa. The later forms the medial 
surface and the medial wall of the orbit forms the lateral surface. 
The nasal bone is displaced superiorly, and the nasal cartilage in-
feriorly along with the most anterior portion of the ethmoid at the 
foramen cecum.
Naso-orbital when they cause proptosis and displacement of the 3. 
eye. Most of the time the protrusion occurs from the medial aspect 
of the orbit, through the lachrymal and ethmoidal plates, displacing 
the globe laterally, the swelling may be noticed beneath the nasal 
bone. Sometime, the lesion may protrude through a dysplasic or-
bital roof, displacing the eye inferiorly and expanding beneath the 
superior palpebral fi ssure.

Other lesions such as basal and transsphenoidal encephaloceles are not 
clinically visible. The fi rst may cause upper-airway obstruction and the sec-
ond may cause dysfunction of herniated optic pathways or endocrine mal-
functions. These lesions need to be distinguished from nasal glioma, nasal 
polyp and dermoid cyst [4].

Other congenital abnormalities may be associated with encephaloceles 
and these are dextrocardia, pulmonary hypoplasia and laryngomalacia, renal 
agenesis, and myelomeningocele. Anterior encephaloceles are sometimes as-
sociated with arhinencephaly and anophthalmia [4, 8].

Table 1. Classification of encephaloceles based on the location of the skull defect 
[9]

      I. Occipital encephalocele

   II. Encephalocele of the cranial vault
   A. Interfrontal
   B. Anterior fontanelle
   C. Interparietal
   D. Posterior fontanelle
   E. Temporal

III. Frontoethmoidal encephalocele
   A. Nasofrontal
   B. Nasoethmoidal
   C. Naso-orbital

  IV. Basal encephalocele
   A. Transethmoidal
   B. Sphenoethmoidal
   C. Transsphenoidal
   D. Frontosphenoidal/Spheno-orbital
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DECISION-MAKING

Neurologic examination is of primary importance for diagnosis.• 
Magnetic Resonance Imaging (MRI) is the investigation of choice if it is • 
available though ultrasound scan may be useful for occipital encepha-
loceles. The aim is to visualize the amount of brain structures contained 
in the sac [4]. In case of fronto-ethmoidal encephaloceles, further bone 
study with a CTscan may be required to show better the bony defects 
[5–7]. Cerebral angiography is at times necessary to exclude major 
blood vessels which may supply the brain contained into the sac.
The basic principles are the same for both types of encephaloceles: • 
removal of unnecessary herniated contents into the sac, watertight 
closure of the dura, repair of bone defect, closure of skin in order to 
achieve good cover and acceptable cosmetic result. This is necessary 
to avoid damage to the sac with possible infection and to prevent fur-
ther herniation of the intracranial contents [2–5, 10].

SURGERY

Most of our children are operated a week or two after birth to allow stabiliza-
tion of child.

Closure of occipital encephalocele is done with the child in prone or lateral 
position. We perform a transverse elliptical skin incision which will provide 
adequate skin closure. The pericranium is identifi ed and dissected from the 
herniated structures. The sac is opened from the top to empty the fl uid content 
and to allow inspection of the content. Amputation of the sac is carried out 
together with the encephalocele. In case of huge bone defect, this can be re-
paired with a piece of adjacent bone. During the skin closure, redundant skin 
is removed being careful to leave enough skin to avoid any tension on the inci-
sion. No drain is put in place and antibiotics are given for 48 h. Particular at-
tention must be paid to the blood loss from the skin, from major sinuses 
around the torcula, to vital brain structures like brain stem and air embolism. 
Usually, most of the herniated brain tissue is not functional [4, 5]. However, 
the viability of the herniated brain tissue may be examined preoperatively with 
neurophysiological studies such as visual evoked potentials [1]. Post operative 
monitoring is of paramount importance as 60 to 70% of children develop 
 hydrocephalus. In some babies in whom ventricles were already large, hydro-
cephalus was treated fi rst before excision of encephaloceles or both operations 
were performed in the same sitting. We prefer the later approach (Figs. 1, 2).

Frontoethmoidal encephaloceles can be operated electively and in the pres-
ence of hydrocephalus, the later will be treated in the same sitting [2–5, 10]. 
Basic principles apply here too with more emphasis on reconstruction of the 
external bony deformities leading to hyperthelorism. The contents into the 
dural sac consist of glial tissue and can be resected [2–7].
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Patient is placed in a supine position with the head in a neutral position 
but elevated by 30°. The skin is infi ltrated with 0.5% lidocaine with 1/200,000 
parts epinephrine. A bicoronal skin incision is performed and the fl ap is re-
fl ected anteriorly. A standard bifrontal craniotomy for exposure of the fl oor 
of the frontal fossa is carried out. Repair of the frontal encephalocele is done 
intradurally and this part of the operation ends with closure of the dural de-
fect. The defect in the frontal fl oor, often in the region of the cribiform plate 
is closed with a bone harvested from the bone fl ap [2–7]. In the presence of 
hypertelorism [6, 7], the external mass is excised followed by a craniofacial 
reconstruction (Figs. 3, 4).

Fig. 1. Newborn with occipital encephalocele

Fig. 2. Child a month after the operation
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The bone fl ap is replaced and the skin is closed in a routine manner. Anti-
biotherapy is prescribed for a minimum of 48 h.

CONCLUSIONS

Children with anterior defects and encephaloceles have a much better prog-
nosis [5, 8] because of minimal amount of herniated brain. The majority of 
these patients will have a normal life if no other congenital defects are present. 

Fig. 3. Frontoethmoidal encephalocele in a three months old child

Fig. 4. Child seen few months after the operation
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Posterior encephaloceles have a much poorer outcome. Only 20–30% of 
children will have a normal intellect, while a 50% of them will also have hy-
drocephalus and associated complications [4, 5, 8].
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 EPILEPSY SURGERY IN CHILDREN
O. DELALANDE

INTRODUCTION

Epilepsy surgery is a functional surgery; the boundaries of the epileptogenic 
zone and the volume of resection are essentially determined in children by the 
extra- and intracranial electroencephalographic fi ndings. The operative re-
sults are strongly correlated with a rigorous patient selection.

RATIONALE

The particularity of epilepsy surgery in children lies in the pivotal role of 
cerebral maturation. There clearly exist interferences between cognitive func-
tions and the child’s apprenticeship on one side and epilepsy, which manifests 
itself as repetitive clinical seizures or as an electrical status, on the other side. 
It has been now well established that an epilepsy which includes the cerebral 
regions representing language function will lead either to retardation or 
 absence of language development in an early onset of the epilepsy, to a de-
terioration of language when the epilepsy occurs later in childhood, i.e. in 
the Landau-Kleffner syndrome or to a language development in the contra-
lateral symmetrical cerebral region (plasticity or equipotentiality) [4, 8]. One 
may suppose that similar interferences exist as well for other cognitive func-
tions which have yet to be studied. The preliminary results on the outcome 
of a population of 70 children following hemispherotomy demonstrate that 
the capacity of socialisation and the development of superior cere bral func-
tions are inversely correlated with the child’s age at the time of surgery [2]. 
Time and the child’s age are the principal determinants for a surgical decision-
making.

DECISION-MAKING

The prerequisite for any surgical consideration is a medical approach in order 
to localize the single or multiple epileptic foci and to identify the cause of the 
seizure disorder.

Keywords: epilepsy, childhood, epilepsy surgery
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1. LOCALIZING THE EPILEPTIC FOCUS

The epileptic focus (epileptogenic zone) is defi ned by the cortical volume in-
volved in the initial seizure discharge (generation) and the zone of immediate 
propagation [6]. Its identifi cation relies essentially on the long-term scalp vid-
eo-EEG evaluation (between 2 and 10 days) which enables electro-clinical/ 
topographical correlations in the course of the spatio-temporal propagation of 
the seizures.

In order to obtain precise localizing value from a surgical point of view, 
the scalp electrodes have to be placed according to the international 10/20 
system [5]. The recording should cover at least a 24-hour period because sleep 
is an activator of seizures in childhood. The presence of at least one of the 
parents during the recording is indispensable because their experience facili-
tates to signalize the onset of the habitual seizures.

In the case of a polymorph epilepsy, the child has to be recorded for the 
time period necessary to identify all the types of seizures. The use of seizure 
detection software is desirable in order to identify seizures and subclinical 
discharges which take place unnoticed, particularly during night sleep. In the 
cases of questionable seizures, it is mandatory to visually analyze them in the 
presence of the parents.

In certain forms of temporal lobe seizures, the use of an intracranial elec-
trode, placed through the foramen ovale in the hippocampal formation [9], 
permits to verify the implication of the middle part of the hippocampus at the 
onset or in the course of the seizures.

2. IN SEARCH OF AN ETIOLOGY

The etiologic assessment relies on the medical history taking, the neurological 
and the dermatological examinations, the CT scan and particularly the cerebral 
MRI of the child [1]. In order to obtain high quality imaging, general anesthesia 
is  indispensable in the very young and uncooperative child. The abnormal neu-
roimaging fi ndings can be clearly visible as in the case of a hemimegalencephaly, 
or more discrete, indicating a thickened gyrus or an abnormal cortical white 
matter organization. The CT scan is useful in order to identify abnormal calci-
fi cations as particularly in Sturge-Weber disease and tuberous sclerosis. The 
different etiologies will be described in more detail according to the age.

SURGERY

It is useful to distinguish curative from palliative epilepsy surgery.
Two different types of surgery have been proposed, depending on 

the localization and the extent of the epileptogenic zone: anatomical resec-
tion and disconnection which may involve up to a complete hemisphere 
(hemispherotomy).
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1. CEREBRAL RESECTION

Cerebral resection is limited to the epileptogenic focus, i.e., the initial starting 
point of the seizures and the regions of immediate propagation.

Simple resections can be performed if the semiology of the seizures, the 
EEG and the neuroimaging fi ndings are anatomically corresponding, if the 
focus is situated outside of functionally eloquent regions and if the lesion has 
anatomically well-defi ned boundaries. This is the case with seizures of a tem-
poro-mesial and anterior temporal origin, as well as in more extended tempo-
ral seizures of the non-dominant hemisphere. This is likewise the case in 
children with a lobar or infra-hemispheric STURGE-WEBER angiomatosis, 
in which the anatomical limits of the lesion and the epileptogenic zone are 
superimposable.

Resections associated with an intracranial exploration are indispens able 
when there exists an anatomical discordance between the different preopera-
tive examinations and/or if the focus is located in or nearby functionally 
eloquent regions, thus implicating a potential postoperative defi cit. This situ-
ation concerns most of the patients in infancy and childhood because of the 
frequency of extra-temporal lesional epilepsies and of cryptogenic epilepsies 
as compared to adult population. The key investigation is the recording of the 
seizures with depth electrodes, with two objectives: fi rst, to determine pre-
cisely the epileptogenic zone, and secondly, to create a functional mapping 
which allows identifi cation of the sensorimotor and language regions in order 
to protect them during surgery. Two methods for electrode placement are 
possible: the use of depth electrodes by stereotactic means or subdurally im-
planted grids combined with depth electrodes through a craniotomy.

The choice of either one or the other method is a matter of “school” but 
depends as well on the patient’s age and the location of the focus.

The intracranial recording of the seizures and the mapping of the func-
tionally eloquent regions allow a precise delineation of the epileptogenic zone 
of which depends surgical feasibility and avoidance of postoperative defi cits.

2. DISCONNECTIVE SURGERY

In functional hemispherectomy and hemispherotomy [8] a whole cerebral 
hemisphere is being deafferented, whereas its vascular supply is being pre-
served. These techniques tend to replace the classical hemispheric resection 
(hemispherectomy), which has the disadvantage of leaving a large dead space, 
therefore giving rise to long-term complications. This type of surgery is in-
dicated when the epilepsy involves a whole cerebral hemisphere which is not 
any longer functional. The preexisting defi cit (hemiplegia, hemianopia) is 
only slightly or not at all modifi ed by this procedure and a preexisting ability 
to walk is preserved. The diffi culty lies in being sure about the strictly unilat-
eral character of the seizures and in the functional integrity of the contralat-
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eral hemisphere. A more localized disconnection is possible in order either to 
prevent a central functional region or to preserve a cerebral region not impli-
cated by the epilepsy, which however remains extensive.

3. SURGERY OF HYPOTHALAMIC HAMARTOMAS

Hypothalamic hamartomas are congenital neuronal malformations localized 
in the diencephalic region (hypothalamus and mammillary bodies). They are 
responsible for a pharmacoresistant epilepsy with polymorph seizures, 
 including a gelastic component, with a variable degree of mental retardation 

Fig. 1. Hemispherotomy, post-operative MRI scan (A, axial view; B, coronal view) in a case 
of Rasmussen encephalitis

Fig. 2. Hypothalamic hamartoma, trajectory of the endoscope for disconnection
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and behavioral disorders. They are frequently associated with precocious 
puberty. The surgical treatment of these lesions which are located in a region 
of considerable risk, at proximity to the brainstem, has become possible 
only recently, due to an improvement in surgical techniques. The method we 
have proposed consists in disconnecting the hamartoma either by conven-
tional microsurgical techniques or by endoscopy-assisted surgery [9].

4. THE SO-CALLED PALLIATIVE SURGERY

The objective of this type of surgery is to limit the propagation of the seizure 
discharges by disrupting certain pathways.

Callosotomy consists of sectioning the anterior two-thirds or the entire cal-
losal body in its longitudinal axis, thereby interrupting the principal pathways 
of the inter-hemispheric propagation. Presently the indications are multifocal 
or generalized epilepsies, as in the Lennox-Gastaut syndrome or intractable 
infantile spasms, and the goal is the prevention of generalized seizures leading 
to falls and injuries. The procedure leads neither to a neuropsychological nor to 
a language deterioration when performed before the age of 10 years.

Subpial transsection consists of a series of parallel transsections of the short 
cortico-cortical fi bers, considered to be a support of the epileptogenicity, where-
as the pial vascularization and the long vertical cortical-subcortical fi bers are 
being preserved. This technique, only occasionally applied, is indicated in epi-
lepsies involving highly functional regions (sensorimotor, language) and results 
in a suppression of the epileptogenity while preserving their functional integrity. 
Encouraging results have been reported in the Landau-Kleffner syndrome. The 
subpial transsection may be performed isolated or in combination with a cere-
bral resection. It is, however, not indicated in cases with cortical dysplasia.

HOW TO AVOID COMPLICATIONS

It is diffi cult to systematize the contraindications. Evolving diseases are 
 principally to be excluded, with the exception of Rasmussen encephalitis, 
which represents a clear indication for hemispherotomy, when one  hemisphere 
is involved. It is advisable to be more reluctant in cryptogenic epilepsies, since 
the surgical failure rate is higher when compared with lesional epilepsies. 
Multifocal epilepsy is generally incompatible with resective surgical tech-
niques, but in certain circumstances (tuberous sclerosis), resection of the most 
active focus may lead to an improvement.

CONCLUSIONS

Epilepsy surgery for children needs to be performed within the frame of a 
multidisciplinary (pediatric) team.
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MANAGEMENT OF SPINE TRAUMAS 
AND SPINAL CORD INJURY

R. ROBERT

INTRODUCTION

The treatment of spinal cord injuries remains a controversial issue. It is de-
signed to avoid any displacement that could induce or accentuate spinal cord 
and nerve root lesions. Persistent dogmas divide the supporters of a “no 
touch” (no surgery) approach and an “all surgery” approach without the use 
of orthopaedic or functional methods. Common sense should allow a more 
rational approach taking into account the instability of the lesions and their 
risk of progression, and neurological lesions encouraging early nerve decom-
pression to ensure optimal conditions for recovery.

Without going as far back as Hippocrates, who described extremely brutal 
techniques to treat spinal cord injuries, orthopaedic and surgical techniques 
were developed during the 20th century. In the fi rst half of the 20th century, 
Böhler [4] described the treatment of spinal cord injury patients with the 
available methods, giving birth to the concept of rational and specifi c man-
agement: early reduction of lesions essentially by orthopaedic procedures, 
plaster immobilization of the reduction obtained, and early functional reha-
bilitation. Little has changed since then apart from improvement of tech-
niques and the possibility of more audacious surgery in parallel with progress 
in anaesthesia and intensive care.

Spinal fusion techniques were then developed. Wilson was the fi rst to pro-
pose transverse screw fi xation of spinal processes. This was a simple but un-
reliable method because of the fragility of the anchor sites and was abandoned 
in favour of more appropriate techniques. Harrington and then Lucke used 
rods initially for distraction and then for compression. The rigid nature of 
these rods, not allowing adaptation to spinal curvatures gave rise to new con-
cepts. In the 1960s, Roy Camille [14] and his teacher Judet, then Saillant 
 developed the ingenious approach of transpedicular screw fi xation of the ver-
tebrae based on anatomical and biomechanical studies emphasizing the solid-
ity of this spinal sector. Screws are maintained by plates, but this technique 
has certain limitations: thoracic pedicles are fragile and narrow, diffi culty of 
transpedicular screw fi xation in the axis of the structure due to convergence 
of the pedicles. However, its advantage is that it is also adapted to the cervical 
spine: bipedicular screw fi xation can be performed at C2, while articular 

Keywords: spine traumas, spinal cord injury, spinal cord
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screws are used for the lower cervical vertebrae. In parallel, Cotrel and 
 Dubousset [5] developed a new concept of clamp fi xation (interlaminar, pe-
diculotransverse) adapted to all spinal levels, with implants attached to rods 
that can be perfectly adapted to the physiological curvatures of the spine. 
Other approaches included the Hartshill rectangle developed by Dove which 
requires perilaminar wiring, consequently involving dangerous intrusions 
into the spinal canal, especially in the thoracic spine.

The main advances have subsequently concerned the need for recalibra-
tion, hence the strategic choices of anterior or posterior surgical approaches 
guided by various classifi cations. The timing of surgery in spinal cord injury 
patients is also a highly controversial subject, in which the supporters of ear-
ly surgery justify their approach on research similar to that performed in head 
injury patients. Finally, so-called minimally invasive techniques are designed 
to replace conventional techniques.

RATIONALE

1. BIOMECHANICS

Apart from the fi rst two cervical vertebrae, the discovertebral complex is 
composed of the following two components: the intervertebral disk and the 
adjacent vertebral endplates. This complex is mobile in all directions. Move-
ment guides are required to ensure certain axes of displacement, correspond-
ing to the joints that are specifi cally oriented according to the spinal level:

in a frontal plane but about 30° oblique to the sagittal plane in the • 
cervical spine, they allow very ample fl exion, extension, lateral incli-
nation and rotation movements, and most of these movements are 
combined;
in a strictly frontal plane in the thoracic spine, they allow only very • 
limited movements designed to optimize thoracic volume;
in a roughly sagittal plane in the lumbar spine, they allow large fl ex-• 
ion-extension movements and are subjected to severe constraints on 
rotation.

Brakes to movement are also required: the discovertebral complex and 
ligaments that are barely visible by radiological techniques.

The behaviour of vertebrae in response to trauma differs according to the 
level: the highly mobile and slender nature of the cervical spine is achieved at 
the expense of its stability which is essentially ligamentous; the thoracic spine 
is fi xed and consequently subject to simple compression fractures (imposed 
by kyphosis) in a context of minor trauma or dislocations with marked dis-
placement in a context of severe trauma. Instability of the thoracic spine is 
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essentially related to bone structures. The lumbar spine supports the weight 
of the body; it is strong due to its bone structure and mobile as a result of 
its ligamentous component; it presents a mixed, osseous and ligamentous 
 instability.

2. CLASSIFICATIONS

Assessment of the severity of vertebral lesions is based on identifi cation of 
potential instability. Clinical examination is not contributive and this assess-
ment is essentially based on radiology. Many classifi cations have been pro-
posed for each spinal segment. Only the most widely accepted classifi cations 
will be presented and discussed.

2.1 Cervical spine

The cervical spine is classically divided into the upper cervical spine (occiput-
C1–C2) and lower cervical spine from C3 to C7. Cervical vertebrae are small 
and very mobile. Bone lesions only draw attention to the presence of a frac-
ture, but the stability of the lesions depends on the ligaments that are not 
visible on X-rays.

Upper cervical spine
Craniovertebral junction• : it comprises atlanto-occipital dislocations 
and occipital condyle fractures. Several classifi cations have been pro-
posed [3, 18]. The essential points are as follows: nondisplaced oc-
cipital condyle fractures are considered to be stable. Other fractures 
are unstable and can be considered to be atlanto-occipital disloca-
tions. Assessment of the displacement of atlanto-occipital dislocations 
(Wholey 1958) is based on the distance between the basion and the 
apex of the odontoid process, which must not exceed 12 mm. A more 
precise assessment is based on the distance between the vertical line 
through the posterior surface of the odontoid and the basion, which 
must be between 4 and 12 mm. When this distance is less than 4 mm, 
it indicates anterior displacement, and when it is more than 12 mm, it 
indicates posterior displacement.
Atlas fractures• : they were well described by Jefferson [8]. Instability 
is assessed by two criteria: correct positioning of the lateral masses 
of C1 over the C2 facets, and integrity of the transverse ligament as-
sessed by the distance between the posterior margin of the anterior 
arch of the atlas and the odontoid process, which must not exceed 
3 mm in adults (5 mm in children). 50% overhang of one or both lat-
eral masses indicates instability.
Rotary atlantoaxial dislocation• : this injury usually occurs in children 
and is accompanied by persistent torticollis. X-rays are diffi cult to 
interpret and this lesion is very often overdiagnosed.
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Odontoid fractures• : The classical classifi cation proposed by  Anderson 
and D’Alonzo [2] distinguishes type 1: fracture of the tip of the dens, 
type 2: fracture of the body of the dens, and type 3: fracture of the base 
of the dens. This classifi cation is similar to that formerly proposed by De 
Mourgues and Fischer and is considered to have a prognostic value, as 
type 2 fractures (fractures of the body of the dens) are characterized by 
a high risk of non-union. Roy Camille [15] proposed a much more real-
istic classifi cation assessing the direction of the fracture line: anterior ob-
lique, posterior oblique and horizontal, which is particularly unstable. It 
has been demonstrated that the level of the fracture line is not predictive 
of the degree of instability or the risk of non-union, the vascular factor is 
not involved, as all segments of the odontoid process have a good blood 
supply. Two situations are observed in clinical practice:

displacement and the fracture is unstable,• 
no displacement and very cautious dynamic lateral views by fl uor-• 
oscopy will determine the presence of pathological mobility of a 
nondisplaced fracture.

Bilateral fractures of C2 (Hangman’s fractures):•  One of the most 
widely used classifi cations is that proposed by Francis, Fielding and 
Hawkins [7]. It takes into account the direction of the fracture line 
and displacement. According to this classifi cation, instability at this 
level depends on the presence or absence of C2–C3 intervertebral disc 
herniation. Dynamic views are also very valuable to assess nondis-
placed fractures.

Lower cervical spine
Allen [1] proposed a classifi cation of lower cervical spine fractures with the 
frequencies of the various types of fractures observed:

A: compression injuries (33% of cases): type I: anterior compression, • 
type II: comminuted fracture, type III: teardrop fracture, the most 
frequent (Fig. 1).
B: fl exion-extension-distraction injuries (28%): type I: moderate • 
sprain, type II: severe sprain (14%) defi ned by Saillant by the triad: 
disc kyphosis, exposure of facet joints and fanning of interspinous 
distance, type III: bilateral fracture-dislocations with a high risk neu-
rological damage (Fig. 2).
C: rotation injuries (39%): type I: unifacet fracture, type II: frac-• 
ture-separation of the articular pillar, type III: unilateral dislocation, 
wrongly called “sub-dislocation” by Roy Camille, as they are true 
unilateral dislocations representing a major risk for nerve roots.

This classifi cation takes the mechanism into account, but the mechanism 
of a lesion is very diffi cult to determine when so many pathogenic move-
ments are involved.
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2.2 Thoracolumbar spine

The thoracolumbar Injury Classifi cation and Severity Score established by 
the Spine Trauma Study Groups adds the neurological status and the appre-
ciation of lesions concerning the posterior ligamentous complex. The Load 
Sharing Classifi cation is based on mechanical experiences in fresh bovines 
and is near from the AO classifi cation that we will describe [19, 20]. Two 
main classifi cations can be used:

•  The Denis classifi cation is based on the classical three-column concept de-
fi ned as [6]:

anterior column formed by the anterior half of the vertebral bod-• 
ies and intervertebral discs including the anterior longitudinal 
 ligament

Fig. 1. Ligamentous instability of the caudal cervical spine
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middle column comprising the posterior half of the vertebral bodies • 
and intervertebral discs and the posterior longitudinal ligament and 
the vertebral insertions of the pedicles
posterior column comprising all other structures as far as the spinous • 
processes.

Note that the middle column comprises Rieuneau’s vertebral wall or Roy 
Camille’s posterior wall including the posterior longitudinal ligament and 
constituting the anterior limit of the spinal canal.

Fig. 2. Teardrop fracture in caudal cervical spine. Note the ligamentous destruction which 
leads to instability



9

MANAGEMENT OF SPINE TRAUMAS AND SPINAL CORD INJURY

Four types of fractures are described:

Isolated lesion of the anterior column = compression (wedge) fracture • 
(Fig. 3)
Simultaneous lesion of anterior and middle columns = burst fracture • 
(Fig. 4)
Simultaneous lesion of middle and posterior columns = seat belt frac-• 
ture (Fig. 5)
Simultaneous lesion of all three columns = dislocation (Fig. 6).• 

These main lesions have been further subdivided into complex subgroups. 
As for all classifi cations, these subgroups are useful for case reviews and for 
detailed analysis of the lesions, but, in practice, a good classifi cation must be 
simple and suffi cient to assess the potential instability of a lesion. The Denis 
classifi cation, that we have used since its creation, combines these qualities. 
Compression fractures are stable and do not induce neurological lesions. 
Burst fractures are potentially unstable and must be considered to be unstable 
in the presence of neurological signs related to interpedicular migration of the 
vertebral body. Seat belt fractures are sometimes unstable depending on the 

Fig. 3. Compression fracture in the thoraco-lumbar spine: the ventral column is fractured 
(Denis classifi cation)

Fig. 4. Burst fracture: Both ventral and middle columns are fractured (Denis classifi cation)
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displacement of the posterior arch, but in practice they only exceptionally 
cause neurological lesions. Dislocations are fracture-dislocations which, by 
defi nition, are always unstable and almost always associated with neurologi-
cal lesions.

• The AO classifi cation (Arbeitsgemeinschaft für Osteosynthesefragen) re-
ported by Magerl [10] is similar to the previous classifi cation and is increas-
ingly used throughout the world. Briefl y, it defi nes 3 types of fractures (A, B, 
C), each comprising three groups (1, 2, 3) each further subdivided into three 
subgroups (1, 2 or 3). Each type corresponds to a main mechanism of injury 
and each group and subgroup corresponds to an anatomical and morpho-
logical lesion with an increasing degree of severity.

Type A: vertebral body compression, comprising A1 (impaction), A2 • 
(split) and A3 (burst) fractures.
Type B: anterior and posterior element injury with distraction, es-• 
pecially disc and ligamentous lesions. Type B1: Posterior disruption 

Fig. 5. Seat belt fracture: Both middle and dorsal columns are fractured (Denis classifi cation)

Fig. 6. Dislocation fracture: The three columns are fractured (Denis classifi cation)
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predominantly ligamentous, B2: Posterior disruption predominantly 
osseous, B3: Anterior disruption through the disc.
Type C: Anterior and posterior element injury with rotation, • 
with dislocation of the three columns in the most severe forms 
(Fig. 7).

• These classifi cations are complementary. The AO classifi cation is more 
complete but also more complex. In particular, it describes the diversity of 
seat belt (Chance) fractures predominantly ligamentous or osseous, more 
clearly defi nes the problem of split fractures, in which the fracture line passes 
between the anterior and middle columns with central impaction of the ver-
tebral body.

Fig. 7. Rotation fracture which can lead to dislocation (Magerl, AO classifi cation)
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3. SPINAL CORD INJURY

The physiological behaviour of the spinal cord must be taken into account: 
animal studies have shown that the initial spinal cord injury at the time of the 
accident leads to biochemical changes inducing impairment of the initial neu-
rological state. Emergency spinal cord decompression is therefore essential to 
avoid mechanical and ischaemic compression [17]. Research is underway to 
reduce neuronal toxicity.

DECISION-MAKING

All unstable lesions must be stabilized and all displaced lesions must be re-
duced and stabilized. The degree of emergency depends on the associated 
neurological lesions. Surgery must comprise procedures on the spinal canal in 
the case of associated neurological lesions for the thoracolumbar spine (lami-
nectomy, impaction of a migrated fragment, etc.).

1. UPPER CERVICAL SPINE

1.1 Lesions of the craniovertebral junction

In the light of the above, the treatment modality may be functional, orthopae-
dic or surgical, bearing in mind that craniovertebral fusion has major func-
tional consequences. It is very tempting to prefer the orthopaedic method 
(halo vest) and reserve surgery for failures of this immobilization system.

1.2 Atlas fractures

Only displaced fractures raise problems. Nondisplaced atlas fractures should 
be treated orthopaedically by cervical collar or halo vest depending on local 
practices.

Patients with fracture-dislocation of a lateral mass or rotary atlantoaxial 
dislocation must be treated by traction. Reduction of these fractures is fol-
lowed by immobilization by external fi xation.

1.3 Rotary atlantoaxial dislocation

As this fracture is usually observed in children, reduction and immobilization 
is the preferred approach. In adults, reduction of the fracture is followed by 
C1–C2 screw fi xation.

1.4 Odontoid fractures

The indication for odontoid fractures is simple: all displaced fractures are un-
stable due to associated ligamentous lesions and a nondisplaced fracture can 
may mask instability. More than the various classifi cations, only dynamic views 
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can determine the choice of treatment. Dynamic views must be passive with the 
surgeon holding the patient’s head and applying fl exion-extension movements 
under fl uoroscopic control. A mobile fracture indicates instability.

1.5 Hangman’s fractures

Hangman’s fractures require surgical stabilization after reduction.
Odontoid and Hangman’s fractures that are considered to be stable re-

quire functional treatment, as stability depends on intact ligaments which 
must be preserved.

2. LOWER CERVICAL SPINE

It is essential to determine whether the fracture is stable or unstable. In the 
presence of displacement, regardless of the bone lesion, the fracture is unsta-
ble. If no displacement is observed, fl uoroscopic dynamic views performed 
after several hours of muscle relaxants can provide a better idea of the degree 
of stability. The presence of neurological signs is usually correlated with frank 
instability. When this is not the case, dynamic views must be obtained. Ab-
sence of instability, often encountered in Schneider’s syndrome (tetraparesis 
with predominant brachial diplegia) may question the value of decompres-
sion on an osteophytic spine. In the same aim and at any level, a neurological 
deterioration without vertebral instability must lead to MRI researching a 
discal herniation.

The child’s spine represents a particular situation, as it can sometimes be 
radiologically intact, but accompanied by quadriplegia with true spinal cord 
avulsion (the classical “Spinal Cord Injury Without Radiologic Abnormality” 
(SCIWORA)).

N.B.: dynamic views are contraindicated in the presence of a displaced, by 
defi nition unstable lesion.

3. THORACOLUMBAR SPINE

Can the two proposed classifi cations be used to guide treatment?

3.1 The Denis classification

This is the classifi cation used in our center because it is simple and allows 
rational management of the lesions:

Compression fractures are treated by functional methods. When the • 
compression fracture is considered to be excessive, orthopaedic treat-
ment (brace) or kyphoplasty may be proposed.
Burst fractures are usually treated surgically. Note that a divergent • 
appearance of the fractured vertebra on an AP fi lm (increased inter-
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pedicular distance compared to the adjacent vertebrae) indicates a 
 severe osseous and ligamentous lesion and requires surgery.
Seat belt fractures are usually treated orthopaedically by lordotic • 
brace. Lordosis surgery may be indicated in the case of particularly 
marked angulation.
Dislocations are unstable and must therefore be treated surgically.• 

3.2 The AO classification (Magerl)

The therapeutic approach used by supporters of this classifi cation (which we 
consider to be especially useful to analyse results) can be summarized as fol-
lows:

The indications according to lesions of the columns defi ned by Louis (i.e. 
a large anterior column consisting of the discs and vertebral bodies and pos-
terior columns consisting of the partes interarticulares and facet joints), which 
differ from the columns defi ned by Denis, are as follows:

A lesion is stable if it alters the osseous part of only one column.• 
Lesions of the osseous parts of two or three columns (types A2, A3, • 
B2 and C) constitute transient osseous instability requiring reduction 
followed by immobilization.
Lesions of the discoligamentous parts of several columns (types • 
B2, B3 and some type C) must be treated surgically. The same ap-
plies to lesions with loss of substance of one column (types A1, 
A3.3, A2).

However, a treatment option must be chosen and sometimes as an emer-
gency, which is why the Denis classifi cation is used in our department with 
complete satisfaction. However, Magerl’s classifi cation is certainly more rig-
orous for case reviews and is generally accepted by most countries. Corre-
spondences between these two classifi cations can be easily established, for 
example, Magerl type A3 are burst fractures, A1 are compression fractures, 
B1 are seat belt fractures, and C3 are dislocations.

Note that a neurological defi cit is an indication for surgery with a few rare 
exceptions and implies urgent treatment according to the above indications.

TREATMENT

1. PURELY FUNCTIONAL METHOD

The Magnus method consists of immediate weightbearing in a context of 
adapted physiotherapy and a radiological assessment on fi rst standing, the 
following day, one week later, one month later, then three months later. The 
risk is that patients may not return for follow-up with a risk of secondary 
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displacement of the lesions which may cause neurological lesions, making 
deferred management more diffi cult.

2. ORTHOPAEDIC METHODS (PRIOR TO SURGERY)

2.1 Reduction

Cervical spine
Displaced fractures must be reduced, possibly progressively by means of 
skull traction using tongs. This is an important procedure: the position of the 
tongs must be precisely determined, the patient must be reassured about the 
safety of the procedure and must be encouraged to remain strictly prone 
 during the hours or days that it takes to achieve reduction, with the use of 
medical sedation if necessary. The patient’s active or passive cooperation is 
essential. Traction must take into account the axis of reduction and the trac-
tion pulley must be placed below the level of the spine to achieve extension 
reduction or above the spine to achieve fl exion reduction. An average mass of 
2–3 kg is suffi cient for the upper cervical spine with an additional kilogram 
for each vertebra in the lower cervical spine. Traction must never be applied 
to a nondisplaced spine.

The effects of traction must be immediately verifi ed radiologically, as ex-
cessive traction can be dangerous. Consequently, no traction is performed 
before radiological assessment.

Manual reduction is indicated in pure bilateral dislocations complicated 
by neurological signs on an anaesthetized, muscle-relaxed patient, in the axis 
of the spine under fl uoroscopic control, on the operating table and by an 
experienced surgeon. We have never observed the slightest neurological 
 deterioration.

Thoracolumbar spine
The use of bands to ensure lordosis for several weeks in a prone patient is a 
thing of the past. Simply placing the patient in lordosis on the operating table 
is suffi cient to reduce most lesions. Orthopaedic reduction is performed on a 
table or frame under fl uoroscopic control in a sedated patient.

2.2 Immobilization

Immobilization can be simple: a cervical collar for the cervical spine (includ-
ing at least a thoracic brace), a brace for the thoracolumbar spine although it 
is of little use below L3, which may make surgical treatment preferable for 
low lumbar lesions.

The halo vest is used for cervical lesions. Although it may appear aggressive, 
it represents a very effective method of immobilization. Turnbuckles allow pro-
gressive modifi cation of the curvature but are only used in very specifi c cases, for 
example to obtain reduction of fractures on a pathological spine (spondylitis).
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3. SURGICAL METHODS

Surgical techniques obviously vary according to the level of the injury. Cer-
tain rules must be observed: from the site of the accident until arrival in the 
department or the operating room, the injured patient must be mobilized ac-
cording to well defi ned rules, avoiding any movements that could displace the 
lesions and induce or worsen neurological defi cits.

3.1 Upper cervical spine

Atlanto-occipital and atlas fractures
Traction has been demonstrated to be potentially harmful at this level. Oc-
cipitocervical fusion induces ankylosis, decreasing the patient’s mobility by at 
least 50% especially in rotation. These consequences must be taken into ac-
count in the indications for this technique. However, this is a vital zone and 
no instability can be tolerated. Bone grafts are recommended but may have 
limited effi cacy, as re-operations usually reveal bony masses that may or may 
not have a stabilizing role.

We prefer the inverted hook occipital clamp technique described by 
Faure.

Rotary atlantoaxial dislocation
These dislocations are reduced by progressive transcranial traction. After re-
duction, C1–C2 screw fi xation is performed by means of a simple technique 
but which can be dangerous due to the variable proximity of the vertebral 
artery. Fluoroscopic navigation is very useful in this setting. The key to the 
technique is to penetrate the caudal part of the C2 articular processes and 
direct the screw towards the anterior arch of the atlas.

C2 fractures
• Odontoid fractures: Displaced fractures are reduced by progressive  traction 
(tongs). Anatomical reduction is essential prior to anterior screw fi xation.

The classifi cations are very useful to select the most appropriate technique: 
posterior displacement (posterior oblique fracture) requires fi xation by ante-
rior screw fi xation according to a standardized technique: the entry point of 
the screw, visualized by image intensifi er (fl uoroscopy) on AP and lateral 
views, is situated at the anterior aspect of the inferior endplate of C2. Ad-
vancement of the K wire and guide tube used to insert the perforated system 
(drill then screws) is monitored. Correct screw length reaches the apex of the 
dens. Self-tapping screws that are only threaded in their distal part are used to 
apply compression on the fracture site. The subject’s morphology may make 
this technique diffi cult or even impossible in the case of barrel chest, prevent-
ing screw fi xation of the axis.

Anterior oblique fractures require a posterior approach with C1–C2 fu-
sion between the posterior arch of the atlas and the laminae of C2. Regardless 
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of the instrumentation used (wiring deserves its bad reputation), fi xation 
must ensure compression and a bone graft is usually performed between the 
posterior arch of C1 and the cranial aspect of the previously roughened lami-
nae of C2. This also avoids overcorrection in lordosis.

Horizontal fractures are preferably treated by anterior screw fi xation.

• Hangman’s fractures: The lesion of the C2–C3 disc determines the instabil-
ity of this fracture, which must be reduced by tongs. An anterior or posterior 
approach is used depending on the site of the fracture line. The anterior ap-
proach consists of C2–C3 intervertebral arthrodesis with a screw plate. The 
posterior approach consists of bipedicular screw fi xation, which is a simple 
technique when the screw is inserted into the superomedial quadrant of the 
articular process of C2 and when the C1–C2 interspace is widened by remov-
ing an equivalent amount of ligamentum fl avum. Initial progression of the 
screw in the pedicle is monitored under direct vision.

3.2 Lower cervical spine

The techniques used depend on the type of fracture and whether one or several 
segments are involved. Two situations are commonly observed, others are rarer:

The lesion involving one or only a few segments is reduced preoperatively
An anterior approach should be used, as this easy technique is better sup-
ported by a supine patient. For lesions involving one segment (bilateral dis-
location of the facet joints for example), the anterior sternocleidomastoid 
 approach is easy and anatomical, as it only sections one omohyoid muscle 
or one superior thyroid artery and only very occasionally. This is a nonin-
vasive approach. The blood vessels are situated laterally, the viscera are me-
dial and, after dissection of the midline fascia of the neck, the fi nger is in 
contact with the spine. Discectomy is systematically performed. Abrasion 
of the endplates must not destroy them. The autologous bone graft or bone 
substitute, which is very useful in this situation, is inserted and maintained 
by a 4-screw plate. The length of the screws must not exceed 16 mm and 
bicortical screw fi xation is unnecessary and can be dangerous. A teardrop 
fracture does not require reduction, which is only rarely obtained and which 
is dangerous in view of the associated ligament damage, with a risk of over-
correction with traction of the spinal cord. This lesion resembles a burst 
fracture of the lumbar vertebrae but comprises very severe ligamentous le-
sions. Corpectomy is generally required, and is fi lled by a tricortical graft 
maintained by a screwed plate.

The lesion is not reduced
This is often the case in unilateral dislocations. A posterior approach is re-
quired allowing fusion by articular screw fi xation and plates or rods or by 
interlaminar clamps with rods.
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Lesions at multiple levels
They should be treated via a posterior approach.

Dual approach
A dual approach is only indicated for lesions with vertebral defects or rou-
tinely in ankylosing spondylitis regardless of the level.

3.3 Thoracolumbar spine

We prefer a posterior approach which is the approach most often used in 
France. This single approach is simple and the failures leading to malun-
ions following this technique are rare [11]. Reduction of the lesions, apart 
from dislocations which require diffi cult reduction manoeuvres especially 
in the thoracic spine, is generally achieved by placing the patient on the 
operating table. The length of the plate, classically estimated at two levels 
on either side of the fractured vertebra, depends on the severity of the le-
sions. Short plates have the advantage of a shorter incision and a more lim-
ited future restriction of movement, but should be reserved to cases in 
which screw fi xation in the fractured vertebra is possible (depending on 
the state of the pedicles). Techniques are otherwise simple and essentially 
involve the pedicle.

Pedicle screw fixation
Thoracic spine: Pedicle screw fi xation is performed below the interspace, at 
the level of the transverse process which is the main landmark of the pedicle. 
The angle of the screw is guided by CT views of the direction of the pedicles. 
Screws must not be larger than 5 mm in diameter and are connected by plates 
or rods adapted to the patient’s kyphosis.
Lumbar and lower thoracic spine: the diameter of the pedicles allows the use 
of screws 6.5 mm in diameter, but barely longer than 45 mm due to the vascu-
lar risks. Pedicle screw fi xation is performed at the junction of the articular 
process and the transverse process and is convergent, as lumbar pedicles are 
also often convergent.

Pediculotransverse clamp fixation
We prefer to use pediculotransverse clamps in the thoracic spine, as ky-
photic stresses can lead to screw pullout and the pedicular diameter is 
sometimes too small to allow the use of 5 mm screws. Pediculotransverse 
clamps constitute an ideal solid anti-pullout system. Pediculolaminar 
clamps are used in the upper thoracic spine (T1 and T2), as the transverse 
processes are too far from the midline. Interlaminar clamps are dangerous 
in the thoracic spine as all of the spinal canal is fi lled by spinal cord at this 
level. Rods must always be shaped to the patient’s morphology and the 
curvatures of the spine.
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Anterior approaches
We only use anterior fusion as a second-line procedure when there is a large 
anterior defect or in the case of non-union which is rare (about 2% of our pa-
tients). The surgical approach is simple: short right thoracotomy, fl ank  incision. 
Thoracolaparotomy is gradually being replaced by minimally  invasive tech-
niques. Anterior fusion consists of corpectomy or discectomies fi lled by au-
tologous bone grafts and maintained by fi xation of the vertebral bodies.

Bone grafts
Bone grafts are used systematically in all anterior fusion procedures. Syn-
thetic grafts are used for lesions involving a single vertebra and autologous 
bone grafts are used after corpectomy. Posterolateral bone grafts are used in 
posterior approaches to the thoracolumbar spine only in the rare case of pure 
ligamentous lesions.

3. EVALUATION, PROGRESS IN TECHNIQUES, SPECIAL CASES

3.1 Evaluation

These fi xation procedures give good long-term results. Loss of reduction af-
ter removal of instrumentation (which is performed only after one year) is 
minimal and is negligible, apart from active pseudarthroses. Instrumentation 
is only removed when the patient complains of disabling stiffness or pain. 
Spinal fusion no longer needs to be defended and is mandatory in all cases of 
instability with a risk of neurological defi cits. Complications are rare and can 
be avoided by a rigorous technique. Spine surgery cannot be improvised, but 
“practice makes perfect”.

3.2 Recalibration

Recalibration is one of the objectives of spinal surgery and consists of laminec-
tomy which we only perform in the case of associated neurological signs. Even 
severe stenosis with no neurological signs does not require any reduction and 
follow-up over several years shows excellent remodelling of the spinal canal [16]. 
Interpedicular impaction of a fragment of vertebral body is a diffi cult procedure 
which requires dissection of the vertebral body by lamino-arthro-pediculecto-
my. Dural opening with augmentation duroplasty has never been validated.

3.3 Minimally invasive techniques

Minimally invasive techniques only refer to a shorter incision. Complications 
are neither rare nor minor, regardless of the type of surgery performed. 
 Kyphoplasty [9], a complementary procedure performed at the same time as 
a posterior approach or used alone for thoracolumbar vertebral body com-
pression lesions certainly has a future, but the outcome of the cement used 
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has yet to be determined, especially in young subjects. Percutaneous fusions, 
which are only technical improvements of the basic techniques described 
above and which require a learning curve for all spinal surgeons, are under 
development and are only indicated for short fusions [12, 13].

3.4 Timing

Timing is the key to optimal axonal preservation. The six-hour rule must be 
used as a guide [17].

3.5 Trauma in children

Different traumatic lesions are observed in children. Apart from SCIWORA, 
described above, fi xation must be performed very cautiously as it corresponds 
to arthrodesis at this age. The resulting growth disorders very often have a 
pejorative functional course. Orthopaedic techniques should be preferred in 
children and surgery should be reserved for the fortunately rare cases of ex-
treme instability.

HOW TO AVOID COMPLICATIONS

The best way to avoid complications of surgery is a rigorous surgical technique. 
There is now a suffi cient number of workshops to acquire these techniques on 
cadavres. To prevent neurological impairment, handling of patients prior to 
surgery must be clearly understood and rigorously applied by all teams in-
volved from the site of the accident to the operating room. Bladder catheteriza-
tion is performed as an emergency to preserve future bladder contractions. Skin 
capital must be preserved by protecting exposed areas and preventing pressure 
ulcers. Ventilatory assistance with careful intubation must be used in the early 
stages, especially for tetraplegic patients, followed by tracheotomy, when nec-
essary, to prevent dramatic atelectasis. The patient’s positions in bed must be 
defi ned and observed daily to avoid abnormal positions of paralysed joints, 
especially the ankles. Spasticity must be rapidly treated by drugs. Overactive 
bladder must be treated early to prevent damage to the upper urinary tract. 
Good realignment of the spine constitutes the best prevention of the very high 
rate of posttraumatic syringomyelia (about 28% of paraplegic and quadriplegic 
patients). However, the essential guideline is that all spinal cord injury patients, 
until radiological proof to the contrary, must be considered to be unstable, 
from the time of the accident until installation on the operating table.

CONCLUSIONS

Spinal injuries must be assessed in terms of their potential instability. Various 
classifi cations have been proposed, leading to different approaches that can 
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be functional, orthopaedic or surgical. Surgical techniques and approaches 
are guided by the anatomical profi les of each segment of the spine and 
by the mechanisms of the lesions. Spinal cord injuries require immediate 
decompression and stabilization within 6 hours after trauma. Every effort 
must be made to avoid other complications such as bladder distension, 
pressure ulcers, lung infections or atelectasis, abnormal positions of the 
joints, spasticity; overactive bladder and posttraumatic syringomyelia. A 
multidisciplinary approach in collaboration with rehabilitation physicians 
can avoid the initial negligence that can sometimes have very serious 
repercussions.
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 APPROACHES TO CERVICAL SPINE
G. MATGÉ

INTRODUCTION

The evolution of spinal surgery has revolved around three basic  surgical 
principles: decompression, stabilisation and deformity correction. From a 
historical point of view, laminectomy was the only procedure for trauma, 
tumor and infection of the spine. Anterior cervical spine approaches 
were developing in the 1950s with Robinson and Smith, Dereymaker and 
Moulier, and Cloward [3]. Thereafter, Caspar’s instrumentation clearly in-
fl uenced the dominant use of anterior cervical approach (discectomy with 
fusion) long before the cage, dynamic plating and arthroplasty area. Ante-
rolateral approaches initiated 1968 by Verbiest saw further development 
with George and miniaturisation with Hakuba and Jho [4]. Meantime, and 
mainly because of instability recognition, there was new development in 
posterior approaches in 1970s with laminoplasty (Hirabayashi), posterior 
instrumentation (Roy-Camille), foraminotomy (Kempe) and endoscopic 
decompression (Theron) in 1990s [2, 9]. The complex area of upper cervical 
spine and craniovertebral junction was even more dependent on surgical 
technology, imaging and monitoring improvements to fi nd the best ap-
proach [1, 5]: transoral or transcervical with dens resection (Menezes), 
direct anterior odontoid peg fi xation (Apfelbaum) or occipito-cervical sta-
bilisation (Grob). Benzel’s recent book about spine surgery is an excellent 
reference for history, biomechanics, indications, techniques and manage-
ment according to approaches [2].

RATIONALE

The aim of choosing a given approach to cervical spine is depending on 
dominant pathology (75% are anterior lesions in degenerative cervical 
spine), number of involved levels (myelopathy with multi-level stenosis), 
patient’s health condition limiting invasive procedures (metastasis, odon-
toid fracture in elderly), and lastly surgeon’s training and experience (com-
plex instrumentation). The goal of any surgical approach is fi nding the 
 offending lesion through the less aggressive method assuming decompres-
sion of involved neural structures, not destabilising or deforming the spinal 
canal otherwise needing adapted reconstruction. Spinal surgery is moving 

Keywords: spine, spine traumas, cervical spine approaches, degenerative spine
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away from simplistic decompression alone, involving more and more bio-
mechanics to restore primary function of the spine that means motion in 
stability without pain. The complexity of this phenomenon is a serious 
challenge for the surgeon who has a real interest in subspecialisation: an 
extensive lesion or some severe instability with or without deformity may 
require combined approaches. Today’s spinal surgeon should be trained in 
all of them.

Surgical anatomy of anterior cervical spine approach is nicely outlined in 
Kempe’s book on operative neurosurgery [7] and reproduced in Fig. 1. 
Frontal inspection of a subaxial spine C3 –T1 (from a surgical point of view, 
T1 may be considered the 8th cervical vertebra) demonstrates a direct expo-
sure most suitable for discectomy or corpectomy. The anterior approach is 
a non traumatic way to the intervertebral disc by dissecting only soft tissues 
(skin, muscles and fascia, anterior longitudinal ligament) without offending 
bone structures to reach the intervertebral space. Up to 3 segments are eas-
ily exposed through an aesthetic transverse skin incision. Total discectomy 
can only be achieved by an anterior approach which allows decompression 
of spinal cord (posterior longitudinal ligament and osteophyte removal) 
and exiting nerve roots (drilling internal part of uncus and foramen) in ra-
diculomyelopathy. Next step is reconstruction and stabilisation of interver-
tebral space with bone graft, cage or prosthesis. The microscope adds light, 
precision, and security in the operative fi eld. In corpectomy cases (severe 

Right thyroid lobe
Cricoid lamina

Hypopharynx

Omohyoid m.

Common
carotid a.

Stornocleido-
mastoid m.
N. X

Sympathetic
trunk

Phrenic n.

Int. jugul. vein

Cervical VI Spur formation

Stripping longus colli m.

Vertebral a.

Fig. 1. Anatomical section through C6. During anterior approach, neurovascular structures 
are retracted laterally and visceral structures medially. Note elevation of longus colli mus-
cles. Disc herniation may be reached by an anterior (as depicted) or a posterior (arrow) 
midline subperiostal approach (from Kempe [7])
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myelopathy from stenosis, trauma, tumors), the anterior approach allows 
large radicodural decompression and easy reconstruction with bone, spac-
ers and plates for immediate stability.

The upper cervical spine (C0C1C2) anatomy is more complex with large 
articular surfaces and strong ligaments without intervening disc favouring ro-
tation instead of fl exion-extension dominant in subaxial spine. Main anterior 
surgical approaches concern odontoid lesions in relation to the anterior arch 
of C1 and lower end of clivus (trauma, tumors, malformation, and infl amma-
tory diseases).

Surgical anatomy of the posterior spine is also visible in Fig. 1. The pos-
terior approach needs a muscle and ligament separation technique (more 
painful) from bony structures (spinous process, lamina, facet joint). The 
next step is a certain degree of bone resection to enter the spinal canal and 
to visualise the epidural space (veins) with dura and nerve root, needing 
some neural retraction and medial facetectomy to see the lateral border of 
the disc (Fig. 2): laminotomy/arthrotomy approach preferentially under 

Compressed nerve root Compressing epidural vein

Cotton pledget Herniated disc

Fig. 2. Posterior foraminotomy approach with key-hole lamino-arthrotomy exposing lateral 
dura and compressed nerve root by underlying disc herniation. Note dilated epidural veins 
compressed by micro-cottons (from Kempe [7])
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microscope. The approach is clearly hindered by spinal cord which should 
not be mobilised. This posterior microforaminotomy allows radicular de-
compression by removal of a free disc fragment and some lateral osteo-
phyte. In myelopathy, laminectomy (multilevel), fl avectomy and medial 
facet resection risk some destabilisation which may be corrected with 
adapted  instrumentation.

The cranio-cervical junction complex C0C1C2 is of major surgical inter-
est in trauma, tumor and malformation because of problems related to fre-
quent instability requiring thorough reconstructive techniques, hindered by 
a deep operative fi eld endangered laterally by vertebral arteries, lower cranial 
nerves and medially underlying bulbo-medullary transition.

DECISION-MAKING

1. DIAGNOSTIC CRITERIA

Clinical arguments intervene in selecting the approach together with sur-
geon’s experience in similar lesions:

neck pain dominant• 
mono or multilevel radiculopathy• 
myelopathy• 
acute or chronic presentation• 
age and general health of patient• 

A larger clinical check-up is required according to patient’s history 
and presentation (trauma, tumors, infection). Neurophysiological tests may 
further contribute to rule out differential diagnosis: lateral amyotrophic 
sclerosis, multiple sclerosis, mono- or polyradiculitis, brachial plexus 
lesions…

Radiological evaluation targets at precising lesion, stability and compres-
sion of nervous structures (dynamic XR, contrast CT and/or MRI):

side and level(s) of compression for vertical extend of lesion• 
dominance of anterior or posterior compression for horizontal • 
 extend
frontal and sagittal alignment (scoliosis or kyphosis)• 
diameter of cervical spinal canal (stenosis)• 
instability in dynamic views (degenerative or traumatic)• 
quality of bone (trauma, osteoporosis, infections, tumors, vascular • 
 lesions)
typical aspects on MRI: disc herniation and radiculitis, stenotic myelop-• 
athy, spondylodiscitis and epidural abcess, meningioma/neurinoma, 
Chiari and syringomyelia
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compression: deformation or invasion of nerve roots (neurofi broma) • 
and/or spinal cord (ependymoma)
contrast-enhanced studies: benign or malignant processes (vascular le-• 
sion, metastasis)

A more general and neuroradiological evaluation is indicated in any sus-
pect lesion and according to clinical check-up, mostly general health and pre-
vious patient history.

2. INDICATIONS

Clear-cut exclusive indications are sometimes diffi cult to defi ne because of 
trends and habits in surgery, and experience related results of operators.

2.1 Anterior approach

In practice, an anterior lesion – that means situated in front of spinal 
cord or nerve root – is best approached and cured by an anterior route, 
avoiding manipulation of nervous structures and allowing reconstruction 
of the spinal canal with arthrodesis or dynamic technologies (fusion versus 
mobility preservation). This is the case for most degenerative pathologies 
(disc herniation and stenosis) in the cervical spine [8]. Traumatic, infec-
tious and tumor diseases involving the vertebral body are nearly absolute 
indications owing to imperative reconstruction of the destabilised anterior 
spinal column. Modern spinal neurosurgeons are most used to the anterior 
route with the advantage of a straight and medial approach to the spinal 
column [12]. Postoperative airway obstruction and hoarseness are feared 
complications.

Concerning upper cervical spine, the transcervical route is mostly used for 
direct odontoid fractures fi xation and the transoral approach for dens resec-
tion together with a posterior cervico-occipital stabilisation (for transoral ap-
proach see special chapter in this book).  Indications for direct dens screwing 
are unstable type II fractures, with intact alar ligaments, reducible by position-
ing on table or by traction [1].

2.2 Anterolateral approach

Only a few specialised surgeons retain an anterolateral route in (micro) 
foraminotomy for radiculomyelopathy if pathology is dominant on one side, 
arguing that they may avoid disc space destabilisation and reconstruction, 
even in multi-level patients [4]. Recent biomechanical testing does not con-
fi rm this view [11]. There is a complementary vascular (VA) and neural risk 
(Horner). On the other hand, a more lateral approach with control of verte-
bral artery in tumors with foraminal extension (dumbbell schwannomas, 
some bone tumors) is really indicated and useful [4].
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The anterolateral high cervical approach for dens resection is rarely 
used since technical progress in transoral route and not detailed in this 
chapter.

2.3 Posterior approach

The posterior route is most familiar to neurosurgeons owing to their experi-
ence in lumbar spine. A soft disc herniation (DH) is an excellent indication, 
and certainly at C7–T1 where the herniation is very lateral (foraminal) due to 
the fact there is no more uncus. With a short neck, the lesion may be diffi cult 
to be reached by an anterior approach [12]. There is new interest of posterior 
approach since improvements in endoscopic techniques through small tubes 
(no personal experience). Multi-level stenosis in elderly patients with rigid 
spine needing only decompression is another excellent indication. Most extra- 
and intramedullary tumors, epidural abscess and posterior arch traumatic 
 lesions are best approached from behind. Postoperative muscle pain is a com-
mon complain.

Instrumentation in posterior approach is constantly improving (trans-
articular and transpedicular screwing, sublaminar hooks, occipital screw fi xa-
tion), and mainly for occipito-cervical stabilisation in trauma, degeneration/
malformation and tumors allowing large decompressions with immediate 
mobilisation of patients. Cervico-occipital fusion is also in dicated in dens 
fractures not suitable for direct anterior screwing (Fig. 6). A major concern is 
preoperative studying course of VA to avoid vascular lesion [5].

SURGERY

1. OPERATIVE TECHNIQUE FOR ANTERIOR APPROACH

1.1 The surgical technique

The surgical technique is detailed step-by-step, for degenerative disc pathol-
ogy in subaxial spine (Fig. 3) as a basic example for the general approach with 
complication avoidance at each step [2, 3, 8, 12].

Anaesthesia

Standard intubation for the standard case: tube protection  (spiral) • 
avoids kinking
High volume, low pressure cuffs: reduce trauma to tracheal mucosa • 
and innervation
Alternative: naso-tracheal intubation with extension tube fi xed to • 
forehead
Endoscopic intubation: cervical instability, severe stenosis with my-• 
elopathy, any foreseen diffi cult intubation (anatomical factors)



31

APPROACHES TO CERVICAL SPINE

Positioning

Flat on the back, neck slightly extented for a horizontal approach• 
No head fi xation except in instability (Mayfi eld)• 
Lateral fl uoroscopy (antero-posterior only for disc prosthesis or • 
dens  screwing)
Shoulders caudally fi xed in case of short neck, or C6 to T1 approach, • 
elbows protected
Check-up of tracheal tubing to respirator• 
Neuromonitoring if requested by pathology (severe  myelopathy)• 

Side of approach

Right side for right handed surgeon• 
Left side from C6-T1 reduces recurrent laryngeal nerve irritation or • 
lesion

Fig. 3. Anterior cervical approach for microscopic C5C6 discectomy and cage fusion. Note 
installation, Caspar retactors, microscopic procedure under fl uoroscopic  control
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Some diffi cult reoperations may be easier handled from the other side • 
(or by a posterior approach)
Globally, view is better to the opposite foramen and especially in an-• 
terolateral approach

Skin incision

Transverse centered on disc space is cosmetically best, 3–6 cm for 1–3 • 
levels,  reaching or crossing midline 1 cm (prosthesis)
Transverse cutting of platysma, upper and lower mobilisation to trans-• 
form wound to a more vertical approach by small Gelpi retractor
Dissection of superfi cial fascia followed by atraumatic fi nger dissec-• 
tion along anterior border of sternocleidomastoid muscle, feeling 
common carotid artery pulsations

Prevertebral space

Using smooth retractors, the visceral content is mobilised medially and • 
the  vascular package laterally down to deep fascia, opened near midline 
to expose prevertebral space (thyroid vessels mostly preserved)
Attention: recurrent laryngeal nerve!• 
Lateral fl uoroscopy to localise disc space with a needle• 
Dissect and elevate longus colli insertions (diffi cult with large osteo-• 
phytes) avoiding venous bleeding (only bipolar  coagulation)
Attention: vertebral artery (VA) if dissection too lateral!• 

Retraction

Only centered incision and correct dissection allow atraumatic • 
retraction
Teethed Caspar retractor blades are inserted under longus colli muscle • 
to avoid vascular or visceral lesion, with reasonable opening pressure 
to visualise the whole anterior disc space
Retainer pins midline insertion near the center of vertebral body facil-• 
itates orientation during decompression, essential in case of prosthesis 
or further plating

Discectomy

Microscope gives light, precision, security• 
Annulus incision, clearing of disc space with curettes, small rongeurs • 
and disc  pounches avoiding cartilage penetration
Only large anterior osteophytes should be removed to avoid anterior • 
vertebral rim weakening promoting cage or prosthesis subsidence
Complete discectomy down to posterior longitudinal ligament (PLL )• 
and medial to remaining lateral annulus (PLL is preserved only if soft 
DH and no subligamentous extrusion)
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Decompression

Really begins in posterior 1/3 of disc space under magnifi cation, aided • 
by progressive intervertebral distraction
Removal of osteophytes and uncus with microdrill, 1-2 mm • 
Kerrison rongeurs, internal foraminotomy to visualise emerging 
nerve root
Microincision in PLL, elevate with micro nerve hook and re-• 
sect completely with posterior rim attachment, from midline to 
foramina
Attention: venous plexus, VA• 
Careful haemostasis with bipolar, gelfoam, bone wax (fi brin glue if • 
heavy bleeding)

Implantation

Nothing: avoid too much anterior and lateral decompression favour-• 
ing kyphosis
Iliac bone graft: observe tricortical graft with anterior rim contact lim-• 
iting subsidence
Cage: same, avoid endplate weakening• 
Prosthesis: exactly centered midline on spinous process line in antero-• 
posterior view (malfunction)
Plate: fl atten anterior rim and medialise screws for improved • 
stability

Wound closure

Last fl uoro-check for implants• 
Review haemostasis: epidural, bony, muscular• 
Usually no wound drainage required• 
Only platysma and intradermal suture (small dressing)• 
No collar unless severe traumatic instability• 
Awake on table with neurological examination• 

Postoperative care

Analgesics, non steroid antiinfl ammatory drug, 24 h ATB, low mole-• 
cular heparin next day
Corticosteroids only in defi cit or abnormal tracheal swelling requir-• 
ing laryngoscopic screening
CT or MRI immediately in case of any new defi cit to rule out bleed-• 
ing, compression versus contusion
EMG for peripheral nerve lesion (plexus, ulnar)• 
Get-up next day with X-ray control for implants• 
Stay 3–6 days with rehabilitation as needed• 
Next visit 1month (and 3 m, 1y for implants)• 
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1.2 Corpectomy (Fig. 4)

Indication: degeneration, trauma, tumor with severe myelopathy

More radical, also retrocorporeal dural decompression by vertebral • 
body resection (1–3 levels) in extended stenosis, including disc above 
and below
Impacted graft or better adapted spacer with bone fi lling for improved • 
stability until fusion
Common risk is graft dismantling typically at the inferior border with • 
recurrent myelopathy
Plating mandatory to avoid fracture and pseudarthrosis of long grafts• 
Intermediate fi xation technique (Benzel) increases stability with • 
3-point fi xation
Dynamic plating adapts natural graft settling and avoids screw dis-• 
placement (kyphosis)
Drain the wound as haematoma, air way obstruction more frequent• 

1.3 Anterolateral approach

Unilateral corporo-transverse approach for oblique decompression • 
(Verbiest, George)
Anterior microforaminotomy•  (Hakuba, Jho)

Fig. 4. Corpectomy C3C5 for metastatic cancer with spacer and plate fi xation for lordotic 
stabilisation. Note osteolytic tumor compressing spinal cord with marked kyphosis on pr-
eoperative MRI
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For technical details the reader should refer to the original publica-
tions. A cadaver training is highly recommended before using these ap-
proaches because of more difficult vascular handling [2, 4, 11]:

Surgical principle is freeing and protecting vertebral artery (VA) for a • 
more lateral approach to the anterior offending lesion in radiculopa-
thy, with bilateral anterior decompression from the most pathological 
side in myelopathy
Total or subtotal uncus resection respecting as much as possible the • 
intervertebral disc to avoid instability, no instrumentation required 
claimed by pioneers
Risk:    •  Vertebral artery (VA) (bleeding, AV fi stula, vertebro-basilar • 

stroke) and sympathic chain (Horner)
•  Spinal accessory nerve above C3, lymphatic chain below 

C6
Technically demanding more in myelopathy than in radiculopathy • 
(for specialists)
Most useful when control of VA required: foraminal tumors or vas-• 
cular lesions

1.4 Direct anterior dens screwing (Fig. 5)

Indication: odontoid type II fracture [1]

Double fl uoroscopy: lateral L + anteroposterior AP: visualise dens in • 
open mouth view (cotton roll packed between teeth)
Maximum neck extension under fl uoro-control in Mayfi eld clamp or • 
in slight submandibular traction: fracture reducible suitable for ante-
rior approach otherwise posterior fi xation
Simulate ideal screw trajectory (L view) by metal bar along neck from • 
odontoid tip to thoracic wall: limited neck extension and thoracic 
kyphosis are contraindications
Transverse skin incision at C5 with upward transmuscular fi nger dis-• 
section to palpate and mark C2C3 disc at midline with a pointer under 
AP + L view (entry point)
Resect some bone around entry point on midline C3 anterior rim • 
(logging also further screw head) to improve instrument inclination 
for virtual screw axis created by pointer a few mm behind anterior rim 
of C2 and a few mm in the endplate
Introduce an adapted guide wire in the hole with fl uoro-control, then • 
the tubular guide for instrument passing and protection of soft tissues 
for next steps avoiding vascular and visceral lesions
Drill guide wire (easier to correct trajectory) under AP + L view • 
through middle of fracture line up to the cortex of odontoid tip fol-
lowed by canulated drill and tap on same wire



36

G. MATGÉ

Evaluate screw length on scale and position canulated lag screw under • 
compression of distal fragment (screw passing fracture line in L view) in/
or better slightly through odontoid tip cortex for improved stability
Retract tubular guide, palpate and inspect screw head logging in bone • 
cavity
Last fl uoro-check for screw position in AP + L• 

Fig. 5. Direct anterior screw fi xation for displaced reducible odontoid type II fracture. Note 
entry point, direction and tip of canulated lag screw

Fig. 6. Cervico-occipital stabilisation for unstable odontoid type III fracture. Note anterior 
subluxation in preoperative CT, reduced in postoperative fl exion X-ray
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Review haemostasis and close wound in 2 layers usually without drainage• 
Immediate mobilisation without collar, very useful in elderly • 
patients
Technical failures: instability, pain and rarely neurological defi cit, non • 
union or pseudarthrosis in evolution indicating reoperation by ante-
rior or posterior approach:

Insuffi cient fracture reduction by positioning or fracture distrac-• 
tion by a too short screw
AP or L screw deviation mostly by incorrect C2 approach, promi-• 
nent thorax, poor dens visualisation in osteoporosis

2. OPERATIVE TECHNIQUE FOR POSTERIOR APPROACH

Prone position of patient with careful padding on table, arms fi xed • 
along the body
Head fi xation in a Mayfi eld clamp avoids ocular and throat compression• 
Slight fl exed neck to enhance exposure by opening space between • 
posterior arches
Slight reverse Trendelburg position to empty cervical draining veins • 
avoiding head about heart: risk of air embolism (main reason against 
sitting position)
Operative level is checked on fl uoroscopy and marked with a drop of • 
methyl blue at the facet junction of corresponding disc (more precise 
than spinous process in limited approach)
In case of any foreseen instrumentation, fl uoroscopy is draped in the • 
operative fi eld
Actually the author does not use navigation proposed by some in-• 
vestigators for C1C2 transarticular screwing because of cumbersome 
handling and lack of mm precision in a moving procedure

2.1 Microforaminotomy

Ideal case: Lateralised DH (soft) mainly at cervico-thoracic junction (Fig. 2).

Small midline incision suffi cient for subperiostal unilateral muscle • 
stripping over the corresponding facets allowing introduction of a tu-
bular retractor centered on lamino-articular junction
Introduction of microscope for light, precision and security• 
Key-hole lamino-arthrotomy with microdrill and/or small 2 mm • 
Kerrison: medial facet resection is mandatory to avoid dural retraction
Following careful fl avum resection, the epidural veins are compressed by • 
small cotton at upper and lower corner (the only permanent retactors)
Micro-hook palpates disc fragment or protrusion under the displaced • 
nerve root near axilla
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Gentle elevation of nerve root allows disc fragment removal and lim-• 
ited curettage
Careful hemostasis with bone wax and micro-bipolar is required to • 
avoid an epidural or wound haematoma (always drain in dubious case)
No need for a collar in absence of instability except for initial muscle • 
pain

2.2 Laminectomy

Classical posterior decompression for stenosis is mostly suffi cient in  elderly 
patients with rigid spine. Additional instrumentation for instability is re-
quired according to preoperative sagittal imbalance and degree of facet un-
dermining during operation.

Laminectomy should be suffi ciently high and large• 
Pay attention: facets, C2 spinous process muscle insertions (rotatory • 
muscles)
Careful lamina resection with small instruments: risk of dural laceration • 
or cord contusion in severe stenosis, easier handling on microscope
Suffi cient foraminal nerve decompression: foraminotomy• 
Limited attempt at disc exploration (only laterally allowed): risk of • 
neurological defi cit
Meticulous epidural, bone and muscle haemostasis with drainage: risk • 
of haematoma
In case of dural tear or defect (trauma, tumor): primary closure with • 
microsuture/graft if accessible otherwise sandwich packing with fat/
muscle reinforced with fi brin glue, more meticulous closure of mus-
cle (eventually fl ap rotation according to plastic surgery techniques), 
fascial, subcutaneous plan with separate stitches on skin
Common risk: kyphosis, instability with axial neck and shoulder pain, • 
C5 paresis (spinal cord posterior migration following decompression) 
mostly regressive
Contraindication: loss of lordosis indicating posterolateral fusion and • 
collar
Or more stable: transarticular arthrodesis according to Roy-Camille • 
(short screw straight ahead avoiding neuroforamen) or to Magerl 
(longer screw superolaterally orientated avoiding VA)
Alternative: translaminar screw fi xation at cervico- thoracic junction• 

Instrumented laminectomy (or/and double approach) are mandatory 
in case of osteoporotic, traumatic and tumor involvement of anterior 
column.

2.3 Laminoplasty

Multiples techniques mainly developed in Japan (where OPLL is frequent), 
but increasing interest outside because impressive enlargement of spinal canal 
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at multilevel stenosis much like laminectomy with less destabilisation (unless 
using long posterior fi xation) avoiding also extended anterior approaches 
with graft related problems (now better controlled with intervertebral spac-
ers and dynamic platting):

 • Z-laminoplasty (Hattori)
 • Open-door technique (Hirabayashi)
 • En bloc laminoplasty (Kurokawa)
 • Instrumented laminoplasty

The surgical principle is to open the canal on one side (open-door) for 
bilateral decompression much as in laminectomy and to maintain enlarge-
ment by fi xation of lamina (wire, screw, spacer) in a higher position. Sagittal 
imbalance and preoperative instabilities are also relative contraindications. 
Complications are about the same as for laminectomy (neck/shoulder pain, 
C5 paresis). Laminoplasty is probably underused in degenerative pathology, 
but also in spinal cord tumors mainly in children to replace posterior arches 
avoiding long term deformity.

3. LONG–TERM RESULTS/COMPLICATIONS

The scope of this chapter is not to analyse the results and percentages from 
publications of the numerous approaches to cervical spine, but the most 
relevant ideas for surgical use in practise avoiding specifi c complications 
[2].

According to literature and author’s experience, anterior cervical dis-
cectomy with cage fusion has more favourable long-term outcome com-
pared to simple anterior or posterior discectomy concerning neck and arm 
pain [3, 8, 12]. The posterior microforaminotomy stays a good alternative 
for C7T1 DH. Prosthetic solutions seem to protect from adjacent ac-
celerated degeneration following anterior fusion [10], much less seen in 
posterior approach respecting cervical motion. That is also a personal but 
limited experience with a dynamic cervical implant (not yet published 
personal data) on 15 cases since 2004. Dysphagia and dysphonia mostly 
transient are specific complications of anterior approach [6], and neck/
shoulder pain is more seen in posterior route. Shoulder weakness (C5 
paresis) generally regressive is specific for large posterior decompressions 
[9].

The results of anterior approach seem dominant again in most myelopa-
thies owing to the fact that about 75% of stenotic lesions are anteriorly lo-
cated in cervical spine [8]. Beyond direct approach not hindered by 
nervous tissue, the spinal column may be more effi ciently reconstructed in 
balance (less non-union/neck pain) with newer technologies (instrumented 
multi-level discectomy or corpectomy compared to laminectomy). But mod-
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ern instrumented laminectomy and laminoplasty techniques improve results 
of extensive posterior decompression mainly, although there stays a concern 
in follow-up for neck pain and reduced motion [9].

Anterolateral approaches have good results in pioneer’s hands but expose 
to major vascular risks [4] in less experienced operators, with a concern for 
instability [11].

In odontoid fractures, direct anterior screwing is superior to occipito-
cervical fusion because of motion preservation in a less morbid operation 
(more patient satisfaction). The fact that a patient may die from a VA lesion 
(about 4% VA lesion in 1300 reported cases) in transarticular C1C2 screw-
ing is of concern for the posterior approach mainly in elderly patients 
[1, 5].

The morbidity of posterior cervical approach for tumor cases is very low 
except in children because of risk of deformity of growing spine, inviting to 
use laminoplasty techniques [9].

HOW TO AVOID COMPLICATIONS

Most complications are foreseen because typical for each approach and de-
tailed step-by-step in the section Surgery (Complications).

1. PAIN/INSTABILITY

Postoperative neck pain is a negative point for the posterior approach in 
general, even after simple discectomy, and more specifi c for extensive lam-
inectomy with arthrotomy without fusion or laminoplasty technique.

Persistent cervicalgia indicates a check-up for kyphosis or instability in 
dynamic views following anterior or posterior approaches. Radicular or my-
elopathic pain may or may not be associated. If conservative treatment fails, 
surgical stabilisation is required.

Persistent brachial pain indicates insuffi cient decompression or wrong 
level surgery confi rmed by imaging, requiring reoperation. Good peropera-
tive fl uoroscopy is mandatory for checking involved levels, diffi cult at cervi-
co-thoracic junction sometimes only visible on oblique views because of 
shoulder projection.

2. NEUROLOGICAL DEFICIT

Nerve root or spinal cord lesion is rare with strict micro-techniques and to 
some point avoidable with neuro-monitoring in exposed cases with severe 
compression (traumatic luxation, OPLL, some tumors and any extensive 
operations). Any postoperative defi cit requires an immediate imaging to 
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rule out bleeding (epidural haematoma), contusion, CSF leak, bone graft or 
material displacement with instability. Urgent reoperation is the treatment 
of choice in most cases with best chances for recovery, eventually after ad-
ditional decompression and further stabilisation.

C5 palsy in extensive laminectomy or laminoplasty is believed to result 
from stretching these shorter nerve sleeves where posterior migration of spi-
nal cord is maximum following decompression. Additional preventive or 
curative foraminotomy at C4C5 is indicated.

Peripheral nerve compression (EMG) concerns brachial plexus, ulnar and 
peroneal nerve from traction or insuffi cient protection during installation of 
patients (responsibility of anaesthesiologist and surgeon).

3. DYSPNEA, DYSPHAGIA, DYSPHONIA

Airway obstruction and postoperative dysphagia is of concern in extensive 
anterior approach (instrumentation) and mostly related to malposition of re-
tractors or forceful spreading without temporary release improving local per-
fusion of trachea and oesophagus. Some bradycardia and hypertension from 
carotid glomus and X nerve are also related to spreading. Postoperative wound 
bleeding should always be ruled out.

Recurrent laryngeal nerve palsy is a feared complication with much higher 
than thought incidence [6]. Recommendations for avoidance are: preopera-
tive ENT checking, left side approach in lower cervical spine, careful dissec-
tion of longus colli muscles avoiding transverse section but rather lifting up 
to securely place teethed Caspar’s blades under the muscles. Again forceful 
spreading could lesion the nerve. Recovery is generally satisfying, but persist-
ent cases need laryngoscopic check-up with sometimes Tefl on injection by 
ENT surgeon.

These complications may be avoided by a posterior approach if indicated.

4. VASCULAR LESION

This is the main concern against anterolateral approach as a vertebral ar-
tery avulsion by drilling or punch may be catastrophic for the patient. Pre-
vention is training on cadavers, preoperative checking of VA course in 
transverse foramen on contrast injected views seeking for abnormalities 
also important in a standard approach during lateral dissection of anterior 
vertebral body [4]. Treatment is fi rst stay cool: compression and obstruc-
tion of the arterial leak with Surgicel, muscle fragment with glue held in 
place with cotton by sucker, and later replaced by bone wax. Primary re-
pair of arterial wall defect is mostly not feasible because of lack of expo-
sure. Ligation in general is not recommended except in inadvertent arterial 
transection during anterolateral approach where exposure is suffi cient. 
Operation proceeds from the other side to complete neurological decom-
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pression as required without turning back to the weak foramen. Postop-
erative imaging visualises the vascular lesion with eventually indication for 
endovascular treatment: balloon occlusion if vertebrobasilar compliance 
suffi cient or stent to maintain the vessel if possible. Stroke may result from 
ischemia or secondary embolism on clot, indicating anticoagulation after 
the procedure.

The same reasoning is true for transarticular C1C2 screwing concerning 
VA lesion and handling [5].

CONCLUSIONS

Many cervical approaches may reach the target, the simplest way with 
less complications being the best is a logical conclusion, but several points are 
to be considered, and fi rst general health of patients. Anatomical location of 
suspected lesion on clinical and imaging examinations intervene in selecting 
rather an anterior, a posterior or even a double approach. Pre-, per- and post-
operative biomechanical reasoning should always guide the surgical route 
mainly in expected reconstructions. Finally surgeon’s training and experience 
may be a determinant factor in diffi cult cases.
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MANAGEMENT OF DEGENERATIVE DISEASE 
OF THE CERVICAL SPINE

J. BRUNON

INTRODUCTION

Cervical degenerative disease is a very frequent problem. In younger patients it 
is related with the circumstances of life responsible for cervical traumas, unique 
or repetitive, which give disc lesions. In the older patients it is in relation with 
progression of a spondylotic or arthritic process, which concern all the spine 
structures, particularly the discs but also articular processes and ligaments, etc.

Today no treatment can stop the evolution of the lesions; in future, perhaps 
molecular biology could repair the degenerative damages related with aging.

The neurological consequences of spondylosis – radiculopathies or mye-
lopathies – are disabling; they can be improved by surgical treatment. For 
radiculopathy, the direct approach is indicated after medical treatment proved 
ineffective. For myelopathy, the surgical treatment may improve, in about 
50% of cases, the situation for some years.

Several techniques are described, each indicated in relation with the clini-
cal symptoms and the neuroradiological data.

RATIONALE

The surgical treatment is suitable in two major clinical circumstances: radicu-
lopathy resistant to medical treatment and myelopathy. Radiculopathy and 
myelopathy are often associated in a myeloradiculopathy syndrome.

The initial physiopathology of the neurological symptoms is the mechan-
ical compression and microtraumatic insults of the neural structures by the 
spinal lesions, which give secondary microvascular disturbances, infl amma-
tory reactions, and neural degeneration.

The spinal lesions responsible for the neural insults are multiple and must 
be carefully explored before surgical decision. A nonexhaustive list of ob-
served lesions includes disc herniation (soft compression), calcifi ed degenera-
tive discopathy and/or osteophytes (hard compression), interapophyseal 
 arthritis, segmental stenosis (congenital or acquired), calcifi cations of poste-
rior longitudinal ligament, infl ammatory arthritis (rheumatoid), and sublux-

Keywords: cervical myelopathy, cervical radiculopathy, cervical anterior 
approach, cervical laminectomy, cervical arthroplasty
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ations (acquired spondylolisthesis). It is indispensable to determine the exact 
site (anterior or posterior) of the compression, its extension, and the stability 
or instability of the lesions.

The choice of the better surgical management is based on both the clinical 
and radiological informations, a rigorous anatomical-clinical correlation 
study and if necessary on  neurophysiological explorations.

The goal of the surgical treatment is to decompress the neural structures 
by direct approach (anterior or posterior), if possible to restore the normal 
anatomy and if necessary to stabilize the spine.

DECISION-MAKING

Patient’s selection for surgical treatment is based on clinical evaluation, radio-
logical fi ndings, and neurophysiological explorations. Except for certain cases 
with neurological defi cit, a medical treatment is mandatory in all cases before 
surgical decision.

1. CLINICAL PRESENTATION AND EXAMINATION

1.1  Cervico-brachial neuralgia (radiculopathy) due to cervical nerve 
root compression

Acute radicular pain can occur in young patients spontaneously or after a 
mild trauma; it usually corresponds to a tear in the annulus and a prolapse of 
the nucleus pulposus. Subacute or chronic radicular pain appears in older 
patients with chronic spondylosis (degenerative discopathy) or after an acute 
phase resistant to medical management.

The pain is important, its description is different from one patient to another. 
Pain is mechanical, intensifi ed by effort, coughing, sneezing, Valsalva mano-
euvers, and certain cervical movements like fl exion or rotation (Spurling sign).

The topography of the pain is determined by the level of the root com-
pression and is located in the corresponding dermatome, more frequently at 
C6, C7, or C8 levels, but the anatomical-clinical correlation is not always 
perfect in relation with anastomosis between the cervical roots.

In the (rare) pure painful forms, the neurological examination is normal, 
without any motor or sensory defi cit, and with all refl exes present. But in 
the majority of cases, mild neurological signs are present; a sensory defi cit, per-
manent paresthesias are noted, the refl ex which would travel through the com-
pressed root is absent, mild motor defi cit and amyotrophies are  observed.

The initial management is medical and includes pharmacological and 
 rehabilitation treatment. Analgesics (opioid if necessary), nonsteroidal 
 anti-infl ammatory drugs, and myorelaxants are the mainly used drugs. 
 Anti convulsants and antidepressants are useful if the pain has a neurogenic 
component. In some cases, oral corticosteroids are necessary. Local radio-
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guided injections of a corticosteroid in the epidural space or in the interverte-
bral foramen can be performed.

The majority of cases respond to the medical treatment, and surgery is 
indicated only if that treatment is ineffective after 8–10 weeks or when a neu-
rological defi cit appears.

1.2 Cervical myelopathy (spinal cord compression)

Spondylotic changes of the spine are the major etiology of cervical myelopa-
thy, but infl ammatory or degenerative diseases, such as rheumatoid  arthritis 
and posttraumatic spine deformations, can lead to the same syndrome.

Spondylotic compression is the most frequent cause of spinal dysfunction 
in the elderly. The pathophysiology is not clear, the initial mechanism is the 
spondylosis, but many factors interfere, such as microcirculation disturbanc-
es and microtraumatisms due to instability.

The natural history is controversial. First reports in the literature described 
two periods: an initial period with neurological deterioration and a second 
with stabilization or improvement. More recent papers describe a progressive 
neurological deterioration. It is generally admitted that the patients improve 
after neurosurgical treatment, but the published studies are in the low-
evidence category. The results are better after early interventions with mild 
defi cit. Furthermore, patients with severe spondylosis have a signifi cant risk 
of spinal cord injury after a minor cervical trauma.

The fi rst symptoms are generally a gate disturbance and leg weakness in 
relation with proprioceptive and pyramidal defi cits. In a second period, the 
patient presents a loss of dexterity of the hands to execute complex and pre-
cise movements such as writing. The evolution is progressive during many 
months or years, sphincter disturbances appear along the disease progression. 
In few cases, patients can present an acute evolution after a traumatic cervical 
hyperextension or hyperfl exion, related to a central cord syndrome. Pain is 
often present in the neck, arms, and legs.

In typical cases, clinical fi ndings associate pyramidal, proprioceptive, and 
spino-thalamic signs in the legs and peripheral signs in the arms due to com-
pression of the roots or ischemic lesions of the gray matter (anterior horn). 
Flexion of the neck produces electrical shocks along the spine and the limbs 
(Lhermitte’s sign, initially described for multiple sclerosis).

Many scales have been developed to evaluate the disease progression and 
the effect of the treatments (medical or surgical). The most popular and reli-
able ones are the Nurik and the modifi ed Japanese Orthopedic Association 
(JOA) functional scores.

The clinical signs are not specifi c for the cervical spondylotic myelopathy; 
all diseases of the cervical spinal cord can give the same symptoms, for ex-
ample, amyotrophic lateral sclerosis (never sensory abnormalities), primary 
spinal atrophy, multiple sclerosis, tumors, syringomyelia.  Electrophysiological 
studies may help to differentiate these different  pathologies.
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1.3 Neck pain

The pathophysiology of neck pain results from multiple associated factors: 
muscular, ligamentous, discal and articular degenerative lesions, together with 
harmful psychosocial events. There is no correlation between the intensity of 
the pain and its functional consequences and the neuroradiological data. 
When neck pain persists after more than six months of conservative treat-
ment, and if the lesions are limited to one or two levels, surgical treatment can 
be discussed in selected cases. Many papers found no signifi cant difference in 
outcome between surgical and nonsurgical management, but a few papers 
report on benefi t of posterior or anterior arthrodesis. No signifi cant results 
are available for prosthesis.

2. RADIOLOGICAL FINDINGS

2.1 Plain fi lms, incidences and dynamics

Still today, plain fi lms are useful and remain an excellent tool to basically 
screen patients with neck symptoms, radiculopathy, and/or myelopathy. 
They are not expensive and the dynamic fl exion-extension views help to di-
agnose an instability.

In case of radiculopathy, the fi lms can be normal, but often changes can be 
observed at one or multiple intervertebral levels as pinching disc or degenera-
tive disc disease with osteophytes.

In case of spondylotic myelopathy, the abnormalities may be the same in 
symptomatic and asymptomatic elderly patients. However, if the fi lms do not 
show important lesions, the diagnosis is unlikely.

2.2 Computed tomography

Computed tomography (CT) with axial slices and sagittal reconstruction is 
the best radiological investigation to study the bony structures and the fo-
raminal regions. Its accuracy is more than 75%, and it is possible to distin-
guish the soft or bony structures responsible of the neural (root or spinal 
cord) compression. It is superior to MRI to visualize osteophytes and other 
bony changes. In many cases, the surgical decision can be made with this 
single technique.

Myelography coupled with CT (computerized myelography) provides a 
greater specifi city in more than 95% of cases. It is the only technique when 
MRI is not possible (because of aneurysm clips or pace maker, etc.).

2.3 MRI

Today MRI is the most common method used to explore the spine, 
the roots, the subarachnoid space, and the spinal cord. It allows to predict 
the lesions in more than 85% of cases. Because disc herniations are  
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detected in more than 15% of asymptomatic patients, and degenerative 
diseases are observed in more than 25% patients younger than 40 years 
and in more than 60% of older patients, it is very important to corre -
late these fi ndings with the clinical symptoms and the neurological 
 examination.

MRI shows the site of the neural compression – anterior (disc, osteo-
phytes, and posterior longitudinal ligament, etc.) or posterior (ligamentum 
fl avum hypertrophy, and articular arthritis, etc.) – and provides major infor-
mation for the surgical strategy. It is possible to determine the “compression 
ratio” measured by dividing the smallest sagittal by the transverse diameter at 
the same level and the “transverse area”. A compression ratio of less than 0.4 
and a transverse area of less than 40 mm2, especially after surgery, entails a bad 
prognosis.

In cases with myelopathy, it is common to observe intramedullary signal 
changes in T1- and T2-weighted sequences. A nonspecifi c T2 hyperintense 
 signal of the spinal cord is observed in about 80% of patients who have a long 
duration of the disease and a poor preoperative JOA score. The prognostic 
signifi cance of this abnormality is controversial, the postoperative result 
seems better without T2 hyperintensity, but there is no statistically signifi -
cant difference.

2.4 Cervical discography

Cervical discography can be used in cases with pure neck pain, when surgi-
cal treatment is considered. The injection can produce and mimic the 
 patient’s usual pain. Discography allows to evaluate the morphological 
changes of the intervertebral space. However, one should recall that the cor-
relation with the clinical symptoms and the postoperative result is not al-
ways good. In addition, the psychosocial profi le affects the interpretation 
of results.

3. NEUROPHYSIOLOGICAL EXPLORATIONS

Neurophysiological investigations are not always necessary but can  
give important information when the diagnostis remains uncertain and 
when the radiological findings are not well correlated with the clinical 
data.

Electroneuromyography (ENMG) can distinguish cervical radiculopathy 
from other neurological disturbances by studying the muscles of the same 
myotome. The measurement of  nerve conduction allows to exclude periph-
eral nerve pathologies. In cases with pure sensitive radiculopathy or mild 
forms, ENMG can be normal or little informative. ENMG is important to 
eliminate amyotrophic lateral sclerosis.

Study of somatosensory evoked potentials explores the lemniscal tract 
and therefore assesses a spinal cord dysfunction at the cervical level.
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SURGERY

1. ANTERO-LATERAL APPROACH

The anterior approach described during the 19th century for the treatment of 
retropharyngeal tuberculous abscess has been defi nitively standardized by 
Smith and Robinson, Dereymaker and Mulier, Cloward and Verbiest in the 
fi fties. It is amazing how these authors were initially criticized, this approach 
being considered as very dangerous for the vessels, esophagus, trachea, and 
spinal cord. Today this technique is popular and frequently performed.

A specifi c instrumentation is necessary: a self-retaining retractor for soft 
tissues, esophagus, trachea, and thyroid gland medially and carotid artery, 
jugular vein, and vagus nerve laterally. This retractor has detachable blades of 
several lengths and designs: blunt blades for soft tissues and sharp blades for 
the retraction of the longus colli muscles. A vertebral interbody distractor is 
also necessary; the type described by Cloward is a very strong instrument, 
but it can injure the vertebral end plate; the type described by Caspar with 
pins screwed in the vertebral body is easier to maintain in place for perform-
ing an intervertebral grafting, but its handling is more diffi cult.

The cervical spine can be approached from both sides: the right side is 
more convenient for right-handed surgeons, but the recurrent nerve is more 
exposed for the inferior discs: C6/C7 on C7/Th 1. Approaching from the side 
opposite to the symptoms, for example, right approach for left symptoms, 
allows a better access to the uncus. Current practice of the surgeon is the most 
important criterion of choice.

A small horizontal incision (4 cm) along Langer’s line is more cosmetic 
and permits the access to two intervertebral spaces. Before the incision, the 
level is identifi ed by fl uoroscopy. For three or more spaces, a longitudinal 
incision (along the medial border of the sternocleidomastoid muscle) should 
be performed. Such an incision permits the approach of all the cervical spine 
from C2/C3 to C7/Th 1, but it is less cosmetic and can be retractile and 
 painful.

The medial border of the sternocleidomastoid muscle is easily identifi ed 
and the superfi cial cervical fascia is divided. The cleavage plane between the 
carotid artery and the esophago-tracheal axis is identifi ed and dissected with 
the fi nger; this is not elegant but is safer to avoid damaging these structures. 
The omohyoid muscle identifi ed by its diagonal fi bers can be sectioned, but 
it is not always necessary; it can be retracted up- or downward. Its section can 
modify the voice in the high frequencies. The recurrent nerve can be injured 
if the retraction of the oesophago-tracheal axis is too strong.

The level is verifi ed by fl uoroscopic control after insertion of a needle into 
the disc. The avascular prevertebral fascia (anterior longitudinal ligament) is 
medially sectioned and the medial border of both longus colli muscles is iden-
tifi ed and scrapped from the vertebral body as far lateral as possible.
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A self-retaining tooth retractor is placed under each longus colli muscle and 
retracts the carotid artery laterally and the esophagus and trachea medially.

1.1 Discectomy and osteophyte resection

The longitudinal ligament and the anterior wall of the disc are incised with a 
sharp scalpel about 1 cm deep as far lateral as possible. The uncovertebral 
joints limit laterally the disc incision.

The incised disc is partially removed with curettes and rongeurs before the 
insertion of the vertebral spreader. It is very important to remove more than 
two-thirds of the disc before the insertion of the Cloward type distractor. If 
this condition is not met, the distraction can injure the vertebral end plate. 
The same is not required for the Caspar vertebral distractor, but this instru-
ment is less strong than the Cloward one.

In our practice, we use both types of distractors: the Cloward type in-
serted in the intervertebral space for discectomy and the Caspar type screwed 
in the adjacent vertebral bodies for graft insertion.

The whole disc and the osteophytes may be removed with small straight 
and curved curettes, osteotomes, and rongeurs and with high-speed burrs. 
Optic magnifi cation is preferable but not mandatory. Fluoroscopic control is 
possible during resection of osteophytes.

It is not a consensus to remove the posterior longitudinal ligament. Its 
resection provides a better decompression of the dura but risks injury to the 
epidural veins and consequently signifi cant bleeding. When the ligament is 
preserved, some disc fragment or an aggressive osteophyte may be missed.

1.2 Median somatotomy

Discectomy with or without reconstruction is the technique used when the 
compression is limited to one, two, most rarely three levels without extended 
stenosis of the cervical channel. In cases of myelopathy with extended ante-
rior lesions, it is possible to decompress the anterior spinal cord by a median 
somatotomy (Fig. 1).

The approach is the same, a longitudinal skin incision is necessary for 
more than two levels. The superior and inferior limits of the somatotomy are 
verifi ed by a fl uoroscopic control. The anterior longitudinal ligament is in-
cised on the midline. The bone resection is performed with mechanical burrs 
to the posterior longitudinal ligament. In an axial plane the resection may be 
trapezoidal, about 10 mm in the front and 12–14 mm at the posterior part of 
the vertebra. Laterally the resection may spare the uncovertebral joint to 
avoid late spinal instability. The posterior longitudinal ligament, which is of-
ten partially calcifi ed, is resected or transected for an optimal decompression 
of the dura and the initial part of the roots.

Many authors complete the decompression by an iliac crest tricortical or 
peroneal graft and anterior osteosynthesis. In our experience, particularly in 
elderly patients who suffer of myelopathy with extensive spondylosis, graft-
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ing or plating is not necessary, late secondary kyphosis is not more frequent 
than after osteosynthesis.

1.3 Disc and bone defect recontruction

Disc reconstruction (Fig. 2) is a controversial issue. Initial clinical results are 
the same with or without interbody spacing, the size of the intervertebral 

Fig. 1. Anatomical result after median somatotomy without graft. A MRI: the T1 hypersig-
nal from C3 to C7 corresponds to the fi brous scar. B CT: aspect of the bone trapezoidal 
resection

Fig. 2. Late result after a double discectomy and intercorporeal graft with a bone substitute. 
No degeneration of the adjacent levels
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foramen is larger with interbody spacing but not correlated with the clinical 
results. Spine deformations as kyphosis are more frequent without interbody 
grafting. Long-term results are not well known. Grafting and/or plating show 
specifi c complications or morbidity.

In 2000 we have studied the practice of a panel of European French-speak-
ing neurosurgeons: one third did not use grafts, one quarter used a graft with-
out osteosynthesis, and the others used various devices: plates, cages, and 
cage-plates, etc. When a graft was performed, an autologous bone was used in 
60% and a substitute in the other cases.

The best graft is the autologous tricortical iliac crest, which gives a rapid 
fusion, but in 10–15% of cases, complications occur at the donor site: infec-
tion, hematoma, or late disabling pain. For these reasons, many surgeons 
use allograft or bone substitute such as tricalcium phosphate or hydroxy-
apatite. The mechanical properties and delay of incorporation of these grafts 
are not as good as those of iliac crest, the graft can be placed in a metallic, 
synthetic, or bioresorbable cage which provides the initial stabilization. It is 
also possible to use anterior screwed plates or a special implant associating 
cage and plate.

Each of these complementary techniques is responsible for speci  -
fi c complications as loosening of the internal fi xation and is relatively 
 expensive.

1.4 Cervical arthroplasty (disc prosthesis)

It was postulated that cervical fusion induces an increase of biomechanical 
stress at the adjacent levels, early spondylotic changes, and need for new op-
erations. But it has not yet been established whether these manifestations fol-
low the natural course of the degenerative disease or are direct consequences 
of the fusion.

Cervical arthroplasty (Fig. 3) is a new surgical technique to replace 
the disc, maintain and/or restore the mobility with the objective to prevent 
degeneration of the adjacent disc. Since a few years, some prostheses are 
 available with different technologies and designs of the joint. The Bryan 
 metal–polyurethane cervical disc is the more popular but its implantation is 
complex. Other designs have metal–metal, polyethylene–metal, or metal–
ceramic contacts.

The implantation of the prosthesis is easy for a surgeon trained for the 
anterior approach of the cervical spine.

The clinical results may be as good or better as classical techniques, and 
the frequency of second operation may be little. In 2007, a multicenter pro-
spective randomized study reported by Mummaneni et al. included 541 pa-
tients [5]. The results were better in the group with prosthesis: motion was 
preserved in the majority of cases, but the spine curvature was often wors-
ened without clinical incidence as in case of fusion, heterotopic ossifi cations 
were relatively frequent, more than 20% of prostheses had a signifi cant limi-
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tation of motion. To be noticed, the study was sponsored by the manufac-
turer of the Prestige ST cervical disc system.

Cervical prosthesis is a logical concept; the surgical technique is simple. 
But this new technique must still be evaluated in the long term, prospective 
randomized studies must be continued. Complications are more frequent 
than for anterior cervical discectomy with fusion. The device is more expen-
sive than other anterior techniques, particularly when no graft is used.

2. POSTERIOR APPROACH

The posterior approach was developed since the middle 19th century and was 
the most popular until 1950 when it was supplanted by the anterior approach. 
The posterior approach combines many advantages: the exposure is easy, no 
stabilization is required in the majority of the cases, there is no risk to the 
cervical vessels, esophagus and recurrent nerve, the neural structures are 
 under direct visualization. But it presents some disadvantages such as  post-
operative pain, risk of dural tear and nerve injury, risk of instability with 
kyphosis related to injury of paraspinal muscles or arthrectomy, and above 
all, it leaves any anterior agents of the neural compression (osteophytes and 
ossifi cation of the posterior longitudinal ligament, etc.) in place.

Under general anesthesia with oral intubation, the patient is placed in 
prone position or rarely in sitting position, which entails the risk of air embo-

A B

Fig. 3. Double arthroplasty at C5/C6 and C6/C7 (result after 18 months with a good clinical 
improvement)
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lism. The head is fi xed in a Mayfi eld clamp with a slight fl exion. The vertical 
skin incision is performed on the midline. The aponeurosis is sectioned on the 
midline and the paraspinal muscles are retracted on one side or the two sides 
according to the type of decompression. A lateral fl uoroscopic control may 
be necessary for interspace localization in case of radiculopathy.

2.1  Treatment of radiculopathy: laminoforaminotomy and disc fragment 
resection

The early surgical procedures were aggressive, often with dura opening, sec-
tion of the dentate ligament, transdural excision of the disc fragments, and 
resection of osteophytes. These techniques have a high morbidity rate. Today 
the approach is minimally invasive (keyhole), strictly extradural to avoid 
neurological complications. A mini open endoscopic foraminotomy can be 
performed.

After a unilateral approach at the level of the nerve root compression, the 
dissection exposes the lamina and the medial part of the facet joint.

A limited bony resection is performed by hemilaminectomy, foraminoto-
my, and partial medial arthrectomy to open the dorsal part of the intervertebral 
foramen. The root is identifi ed at its dural emergence. In case of radiculopathy 
by spondylosis and stenosis of the intervertebral foramen, this decompression, 
which concerns the half medial part of the articular process, is often suffi cient. 
In case of disc herniation, the free fragments of disc are removed, the disc itself 
is not resected. With a very little drill, gently  handled, it is sometimes possible 
to resect the osteophytes developed from the  uncovertebral joint but there is a 
risk of injuring the root and the vertebral artery.

2.2 Treatment of myelopathy: laminectomy and alternatives

Cervical laminectomy is the most classical treatment of myelopathy caused 
by multilevel spondylosis and ossifi cation of the posterior longitudinal liga-
ment. Its extent is determined by the neuroradiological data, especially MRI, 
and must reach below and above the lesions, often from C2 to C7 or Th 1. 
It must be atraumatic. In our experience, after resection of the spinous pro-
cess, the laminectomy is performed with a little high-speed drill and a little 
Kerisson rongeur at the junction of the lamina and the articular process.

However, this technique can induce cervical instability with kyphotic de-
formity (especially when a resection of facet joints is performed) and forma-
tion of a post-laminectomy membrane and does not treat physiopathologic 
dynamic factors of the spinal cord dysfunction. Many alternatives have been 
proposed such as the following three.

One possibility is to preserve the nuchal, supraspinous, and interspinous 
ligaments. After a midline incision, a unilateral approach is made and paraspi-
nal muscles are retracted only on this side. Spinous processes are cut on their 
insertion on the lamina, with an oscillating saw or another adapted instru-
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ment, one level above and below the site of the spinal decompression 
(for example, from C2 to Th 1 for a decompression C3 to C7). The complex 
realized by the spinous process and ligaments is retracted on the other side of 
the approach by a self-retaining retractor. Then, laminectomy is conducted as 
classical. At the end, the complex is repositioned in the midline, and the clo-
sure is performed as usual.

Another possibility is to prevent late instability and treat the dynamic fac-
tors of the pathophysiology, as has been proposed by many authors, by sys-
tematically performing an osteosynthesis with plates screwed in the articular 
process as decribed by Roy Camille associated with a graft or BMP (bone 
morphogenic protein).

Since 1970, Japanese authors have developed many techniques of lamino-
plasties. All these techniques aim to reconstruct the posterior arch after the 
expansion of the cervical canal. The most common is the “open-door” tech-
nique with or without plating and grafting with autologous bone or osseous 
substitute. It is also possible to split the spinous process in the midline and 
interpose a graft as a spacer.

3. RESULTS

It seems logical to directly attack the pathogenic factor of the neurological 
dysfunction. It is suitable to perform an anterior approach when the com-
pression is anterior, and a posterior approach when the compression is poste-
rior or extended.

Numerous studies compared the results of these different techniques, but 
only a few of them were prospective and randomized. It has been clearly 
demonstrated that clinical results of the surgical treatment are not correlated 
with the technique when the anatomical result of the decompression is suffi -
cient. The prognosis depends essentially on preoperative clinical conditions, 
duration of symptoms, and concomitant diseases. The conclusions of these 
publications can be summarized as follows.

For radiculopathy without neurological defi cit the clinical results are in-
dependent of the technique. The anterior approach with or without graft and 
the posterior approach yield good results in more than 90% of cases at short- 
and medium-term follow-up [8]. Late results are not well known and the 
frequency of a second intervention is misevaluated, from 3 to 15% or more. 
The recurrence is at the same level after the posterior approach and at other 
levels after fusion.

For myelopathy, the surgical treatment results in early improvement for 
55% and in stabilization for 35% of the patients, while in about 10% the 
disease continues to progress. After 5 years, only 50% of the patients are im-
proved, the late functional status is related to the myelopathy, but also to 
other pathologies as hip arthritis or degenerative stenosis of the lumbar 
spine.
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The clinical results are independent of the anatomical results.
After a laminectomy, the posterior fusion prevents late instability but lim-

its cervical motion.
Laminoplasties do not yield better clinical results than laminectomies and 

limit cervical motion as does a posterior fusion.
The spinal alignment is similar after laminectomy or laminoplasty.

HOW TO AVOID COMPLICATIONS

The anterior or posterior surgery of the cervical spine for degenerative dis-
ease is a safe technique, but as for all surgical procedures, complications can 
be observed.

General complications, such as death, postoperative infection, phlebitis 
and pulmonary embolism, and anesthetic accident, are very rare and corre-
lated with the age and the general status of the patient, with the pathology 
(myelopathy more than radiculopathy), and with the approach (posterior 
more than anterior). Neurological worsening is also very rare for both ap-
proaches; other complications, such as vascular, digestive, or tracheal compli-
cations after the anterior approach, are rarely observed.

After the anterior approach, a more frequent complication is transient or 
defi nitive dysphonia by compression of the recurrent nerve between the self-
retaining retractor and the balloon of the tracheal tube. The infl ation pressure 
of the balloon should be as low as possible and controlled with a manometer, 
the retraction of the aerodigestive tract may be limited by the uncus plane.

A C5 and/or C6 radiculopathy after anterior or posterior approach can be 
observed, for which there is no clear explanation. Possibly it results from the 
traction on the shoulder to make the fl uoroscopic control easier.

A morbidity on the donor site graft is observed in 10–18% of the patients: 
hematoma, infection, and/or residual pain; this is the most important reason 
to prefer substitute to autologous bone.

With all techniques, mechanical complications may be observed at the 
spine as instability or kyphosis. The laminectomy increases the range motion 
of the cervical spine and can give an instability with late kyphosis, the preser-
vation of the nuchal ligament restrains cervical spine fl exion. Hypermobility 
and instability are more frequent when a facetectomy is performed. In the 
adult, when facet joints are spared, the incidence of postoperative instability 
is not well known: from none to more than 20% of cases, but without clinical 
correlation. It was postulated that the formation of a post-laminectomy mem-
brane can induce a late deterioration; however, experimental studies with 
dogs and clinical studies have not confi rmed this hypothesis.

After the anterior approach, a pseudarthrosis is observed in 2–20% of 
cases, more frequently with allograft or bone substitute. In worsened patients, 
postoperative instability or pseudarthrosis are frequently observed. The 
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 fusion can induce an early degenerative disease of the adjacent (upper) segment 
and 3 to 20% of the patients have to be reoperated within the next years [4, 9]. 
It is very diffi cult to determine the respective role of the fusion itself and 
the natural course of the degenerative disease in such evolution. A kyphosis 
is frequently observed at the fused segment and at the whole cervical 
spine without clinical consequence in the majority of cases. An anterior 
plating limits the rate of pseudarthrosis and kyphosis but induces specifi c 
complications.

CONCLUSIONS

It is diffi cult to give a clear answer with regard to the choice of the better tech-
nique. In our experience we have adopted the following guidelines according to 
the clinical presentation and anatomical data evaluated with CT scan or MRI.

Radiculopathies or myelopathies related with one or two anterior com-
pressions by discopathy are treated with discectomy and osteophyte resec-
tion. In the majority of the cases, an interbody fusion with bioresorbable cage 
and osseous substitute is performed. The reason for the graft is to prevent 
kyphosis and restore the size of the intervertebral foramen. Since two years, 
in case of radiculopathy in young patients (less than 55 years), we perform 
disc prostheses.

For radiculopathy, we rarely perform a posterior approach.
Myelopathies related with more than two anterior compressions by dis-

copathies are treated with median somatotomy. Graft with or without plating 
is indicated only for young people, no signifi cant instability with late neuro-
logical deterioration is observed in patients older than 65 years.

Myelopathies related to a congenital stenosis, posterior compression by 
facet joint hypertrophy are treated by the posterior approach. In the major-
ity of the cases, a classical laminectomy with partial facetectomy (less than 
25%) is performed. We have no experience of laminoplasty in this clinical 
context.

Myelopathies related to preoperative spinal instability (role of dynamic 
physiopathological factors) are treated by decompression with fusion. If the 
instability concerns one or two levels, an anterior approach is performed; 
when the instability is “global” (very rare in our experience), a laminectomy 
with posterior fusion is performed.
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MANAGEMENT OF LUMBAR DISC 
HERNIATIONS AND DEGENERATIVE 

DISEASES OF LUMBAR SPINE
A. K. MSADDI

INTRODUCTION

Between the degenerative spine diseases, disc herniation is the most common 
pathology encountered and managed by general neurosurgeons, orthopedists 
and spinal surgeons.

Mixter WS and Barr IS in 1934 are the fi rst to correlate the lower back and 
sciatic pain to the herniated disc materials and describe surgical treatment for 
disc herniation.

Surgery for lumbar disc became more practiced with the introduction 
of myelography around 1930 and discography which was mentioned by 
Lindblom in 1948.

Laminectomy and hemilaminectomy represented the standard  approach 
for decades [7]. As these techniques were associated with frequent compli-
cations and high percentage of failed back  surgeries introduction of less 
traumatizing surgical approach was necessary.

Since Yaşargil, and Caspar introduction to microsurgery [2–12], micro-
surgical discectomy progressively became popular and represent the gold 
standard in the treatment of lumbar disc herniation.

Great improvement and refi nement of the microsurgical technique was 
done by renowned surgeons like John A. McCulloch and H. M. Mayer [6, 8].

Furthermore, motion preservation with total disc replacement (TDR) in 
the treatment of discogenic low back pain is an ingenious concept, which is 
gaining much popularity but so far still there is lack of long term follow-up 
with comparison to the microsurgical discectomy or fusion.

RATIONALE

Spinal degeneration is synonymous of spondylosis, the process of degenera-
tion takes long years and involves the intervertebral disc fi rst followed by the 
facet joints, ligaments and endplates with spurs and osteophytes formation. 
With aging the disc suffers changes in shape, volume and structure represented 
mainly by progressive decrease of proteoglycans, increase of collagen content 

Keywords: spine, lumbar disc herniation, degenerative disease, lumbar spine
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and loss of water content determining a loss of hydrostatic pressure with re-
duction to compressive forces and overload on the inner layers of the annulus 
with subsequent appearance of annular fi ssures. There will be loss of clear 
transition nucleus-annulus leading to what is called black disc, loss of disc 
height follows. Under increased fatigue and mechanical forces the degenerated 
nucleus disc fragments herniate through the pre-existing annular fi ssures [9].

Some studies suggested that genetic factors may play a signifi cant role in 
the process of disc degeneration [5].

Classifi cation of the type and location of the disc herniation helps the surgi-
cal planning and the prediction of the outcome. Disc herniation is classifi ed by 
the location as follows: central, paracentral, foraminal and farlateral or extra-
foraminal. The paracentral form is the most frequently encountered (Fig. 1).

DECISION-MAKING

1. DIAGNOSTIC CRITERIA

Description of pain and paresthesias helps to localize the level of the  herniated 
disc, it is essential to correlate the clinical fi ndings to the imaging fi ndings, 
that is why we need to have a clear defi nition of different types of herniations; 
paracentral herniation causes compression on the traversing nerve root, e.g. 
L3–L4 disc herniation causes compression on L4 nerve root and L4–L5 disc 
herniation causes compression on L5 traversing nerve root. Foraminal her-
niation causes compression on the exiting nerve root and in some cases with 
lateroforaminal extension, it may cause compression on both the traversing 
and the exiting nerve roots, while the far lateral extraforaminal causes com-
pression on the nerve root in its paraspinal course. The upward herniated 
fragment may cause compression on the supraadjacent exiting root.

Fig. 1. Illustration of the location of the lumbar disc herniation, 1: central, 2: paracentral, 
3: foraminal, 4: extra foraminal



63

MANAGEMENT OF LUMBAR DISC HERNIATIONS

2. HISTORY AND CLINICAL EXAMINATION

Most of the patients with degenerative disc herniation start their symptoms 
with some low back pain followed by leg pain, however, this may not apply 
to younger patients who may complain only of leg pain.

The type of pain is classical, provoked and increased with loading and 
weight bearing, improved with unloading, long sitting and standing and 
physical strains worsen the pain while walking and lying down relieves the 
pain, the leg pain has a dermatomal distribution with or without numbness. 
The majority of the patients with degenerative disc herniation have no neuro-
logical defi cit, pain with limited range of spine motion are the main fi ndings, 
positive straight leg raising sign and possible refl ex changes. Plantar or dorsal 
fl exion weakness of the foot associated with hypoesthesia are not rare fi nd-
ings in neglected cases or with severe root compression. Cauda equina syn-
drome is seen with very large herniation causing severe compression on the 
thecal sac and it is manifested by multiple root involvement with sphincteric 
problems. In the case of extraforaminal disc herniation, the straight leg raising 
sign is negative and the nerve root involved is the supra-adjacent exiting one 
and not the traversing root at the disc level.

3. IMAGING STUDIES

It is important to balance the requirements not to miss treatable organic pathol-
ogy with the need to avoid unnecessary and costly investigation.

3.1 Plain X-ray

AP and lateral help to identify the presence of transitional vertebrae, 
sacralization or lumbalization, loss of height of the disc, pars-interarticularis 
defect and spina bifi da defect. Dynamic lateral X-rays in fl exion-extension 
are indicated if there is possible instability which could be aggravated by the 
discectomy and may infl uence the outcome of the surgery.

3.2 MRI

The gold standard investigation for the diagnosis of degenerative disc disease 
and disc herniation. It provides information upon neural structures, disc sta-
tus (dehydration, internal disc disruption, herniation, migrating fragments, 
extraforaminal herniation, loss of height), facet joints and ligamentum fl avum 
folding and hypertrophy.

In acute disc herniation, more attention must be paid when studying 
T2 images as the disc fragment is very bright on T2WI which may cause mis-
diagnosis thus it is recommended to look more carefully to T1 images. The 
possibility of adding contrast can differentiate between recurrent disc hernia-
tion and epidural scar, sequestrated disc and intraspinal tumor.
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3.3 CT scan

CT scan is done when MRI is contraindicated or when more bony details are 
required e.g. calcifi ed disc herniation, the sensitivity and specifi city is in-
creased when combined with myelography.

3.4 Myelography

This is helpful in the presence of metal implant affecting the quality of the 
images, and when dynamic information is required, it has some limitation in 
diagnosing the extra-foraminal disc herniation, better when combined to the 
CT scan.

3.5 Medial branches and facet blocks

Help confi rming the presence of facet pain and how signifi cant it is in the 
patient pain syndrome.

4. EMG/NCS

Provide complimentary evidence to the MRI diagnosis.

Fig. 2. Indications for surgery after failure of conservative treatment
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5. INDICATIONS

Poor patient selection is the main cause of bad results of surgery for herniated 
disc or degenerative lumbar spine diseases.

Early or urgent intervention can be indicated if the patient is presenting 
cauda equina syndrome with bowel and bladder symptoms, rapidly progres-
sive motor weakness, severe intractable pain not responding to medical treat-
ment.

Elective surgery is in general the rule for lumbar disc herniation and symp-
tomatic degenerative spine diseases:

Surgery is indicated when failure of well conducted conservative treat-
ment for 6–12 weeks including epidural infi ltration.

The surgical indication should be based on positive correlation between 
radiological studies, mainly MRI, history and physical examination fi nd-
ings and occasionally on electrophysiological data (Fig. 2).

SURGERY

1. HOW TO DO IT

1.1 Percutaneous nucleoplasty

I believe that a small category of patients with contained lumbar disc her-
niation without upward or downward subligamental extension may benefi t 
of a percutaneous intradiscal decompression procedure such as nucleoplasty 
[4]. (PercDLE SpineWand; Arthrocare) which was introduced in July 
2000.

The indications are leg pain or combined back and leg pain due to con-
tained disc herniation, failure of well conducted conservative treatment for 
6–12 weeks. The disc height must not be less than 70% and the disc must not 
be very degenerated.

The procedure is done under local anesthesia, the approach is posterola-
teral, with fl uoroscopy guidance, the patient stays 4–6 h in the hospital and he 
is allowed to walk after one hour.

With this technique I have experienced good results based on VAS with 
75% out of 80 patients with contained centro-lateral or lateral intracanalicu-
lar disc herniation. The results in 13 patients with foraminal far lateral disc 
herniation were not good with a failure rate exceeding 50% (Fig. 3).

1.2 Microdiscectomy

The gold standard surgery for lumbar disc herniation.
Pre-operative preparation consists of a complete clinical  examination, an-

esthesia assessment and as required, medical clearance with internal medicine 
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or cardiology consultation, aspirin, Plavix must be stopped 5 to 7 days before 
surgery, appropriate blood work should be completed, informed consent 
should be signed explaining success and failure, risks and possible complica-
tions of the procedure.

Clinical examination should be repeated the day of admission for surgery, 
any new signs or defi cit must be documented, MRI study must be checked 
again and needs to be repeated if it is relatively old or if new presenting com-
plaints or neurological defi cit appear.

2. OPERATIVE TECHNIQUE

2.1 Surgical technique in a non-operated back

Positioning
After anesthesia induction and intubation, intravenous prophylactic antibiot-
ics is given, we do use Rocephin (cephalosporin) 2 g as a single bolus.

I do prefer to operate my patients on a Wilson frame (OSI, USA) as this 
easily decreases the lumbar lordosis, spreads apart the lamina and open the 
posterior part of the disc space making the intradiscal approach easier, while 
keeping the abdomen free of any pressure which reduces the epidural bleed 
(Fig. 4).

We occasionally use the knees-chest position which is giving nearly simi-
lar results. All the pressure points should be carefully padded, the arms of the 
patients should not be abducted more than 90˚. It is also important to avoid 
excessive neck extension during any prone operation especially in elderly 
with spondylosis.

Fig. 3. Percutaneous nucleoplasty for intradiscal decompression, fl uoroscopic A.P. view 
showing the SpineWand device inside the disc
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Localization and skin incision
The disc to be approached is localized and the laterality is confi rmed with a 
needle inserted on the contra-lateral side under fl uoroscopy (Fig. 5A, B).

The skin incision is placed about 5 mm off the midline on the side to be 
operated, it should contain the disc space in its middle third and it should be 
fashioned according to the extension of the herniated disc keeping in mind 
that the interlaminar space is slightly below the level of the disc.

In most of the cases the skin incision can be limited to 2–3 centime ters, but 
the surgeon must keep in mind that this technique requires suitable instru-
ments and the size of the skin incision must not cause excessive traction with 
resulting bad scar.

Fig. 4. Positioning of the patient on the Wilson frame over OSI table

A B

Fig. 5. A Skin incision 5 mm paramedian centering the disc space (dotted line) with the nee-
dle inserted in the non operated side for confi rmation of level. B Fluoroscopic lateral view 
showing the needle confi rming the disc level
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Interlaminar space exposure
After skin incision, blunt dissection through the subcutaneous tissue is per-
formed, the thoracolumbar fascia is exposed and the two layers are sectioned 
in an arcuate fashion (Fig. 6A, B).

The fascial fl ap is secured with stitch and retracted towards the midline. 
The opening should center the interlaminar space as well as the disc level. 
At this point the underlying paravertebral muscles are separated from the 
interspinous ligament, spinous processes and laminas with a large sharp 
Cobb  elevator down to the interlaminar space exposing partially the lami-
nas to the medial part of the facet joint. At this point, self retaining retrac-
tor  (FEHLING NDM Germany) is inserted into the wound with the blade 
side placed lateral to the facet retracting the muscles. The blade width is 1 
centimeter allowing more exposure, the hook side is placed medially on the 
interspinous ligament. Face to face surgical microscope is taken at this step 
and the remaining surgery is continued under microscope. The interlami-
nar space is cleaned off the soft tissue exposing the ligamentum fl avum and 
the laminas. I usually reconfi rm the level before entering the spinal canal 
with another fl uoroscopic shot to avoid any possibility of wrong level 
surgery.

Opening of the spinal canal and exposure of the nerve root
Once the interlaminar space is cleaned and exposed, and before the opening of 
the ligamentum fl avum which protects the content of the canal, partial resec-
tion of the lower part from the rostral lamina to the medial part of the facet 
joint is performed using the high speed drill or Kerrison (Fig. 7A, B). This 
bony removal eases the removal of the superfi cial layer of the ligamentum 
fl avum from its attachment and helps to expose the disc level which is higher 
than the interlaminar space except for L5-S1 where there is no need in general 
for bone removal to approach the disc. Obviously, if the pre-operative radio-
logical studies show a downward migrated disc fragment, partial removal of 

A B

Fig. 6. A Dotted line showing the curviline incision of dorsolumbar facia. B The facial fl ap 
is retracted medially and maintained with stitches and the cobb elevator dissecting the 
muscles from the interspinous ligament down to the interlaminar space



69

MANAGEMENT OF LUMBAR DISC HERNIATIONS

the upper part of the caudal lamina is necessary. The superfi cial layer of the 
ligament is removed and entered with a sharp dissector then it is removed from 
the upper insertion under the superior lamina with a Kerrison.

A B

Fig. 7. A Dotted line showing the part of the bone to be removed (either by drill or by 
 Kerrison) from the rostral lamina (R.L.) and if needed from the medial aspect of the facet 
joint, C.L. (caudal lamina), L.F. (Ligamentum Flavum). B Drilling the lower part of the rostral 
lamina to the medial aspect of the facet joint

Fig. 8. Opening of the ligamentum fl avum in cranio-caudal direction movements using a 
blunt dissector
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Thereafter, residual thin ligament is safely perforated with a blunt dissec-
tor medially in cranio caudal movements, except for L5-S1 where the liga-
mentum fl avum fi bers are nearly horizontally directed and the opening is 
done in a medio-lateral movement (Fig. 8). Once the ligament is penetrated I 
pass a right angle blunt dissector under the ligament and free the ligament 
from any possible adhesions. Thereafter, a small patty is inserted into the ca-
nal protecting the dural sac and the nerve root and the ligament removal is 
completed using oblique forward Kerrison (Fig. 9A, B). Removal of a mini-
mal part of the medial aspect of the inferior articular process and less fre-
quently a small part of the superior articular process may be necessary to 
decompress and expose the lateral aspect of the nerve root. This procedure is 
performed routinely when a lateral recessus stenosis or articular hypertrophy 
is present. Drilling is done in oblique way with the microscope tilted to have 
clear direct vision on the medial aspect of the facet and lateral recessus which 
help to avoid thinning of the isthmus. The nerve root is identifi ed and ap-
proached at its lateral border, it is dissected from the eventual adhesions and 
mobilized medially, then it is followed proximally to the disc level, which is 
usually less than 10 mm above the pedicle, and distally, until its entrance into 
the foramen.

Exposure of the herniation and microdiscectomy
After this exposure, the nerve root is slightly retracted medially and the space 
lateral to it is cleaned from the soft tissue. At this point epidural vessels are 
usually encountered and if can not be protected, they are divided after being 

A B

Fig. 9. A Illustration showing the opening of the ligamentum fl avum with patty protecting 
the dural sac and nerve root before starting the removal of the ligament. B Surgical view 
from microscope, P. patty, L.F. Ligamentum Flavum, RAD: Right Angle blunt Dissector freeing 
the ligamentum from any possible adhesions before removing it with the kerrison
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coagulated by fi ne bipolar forceps on low current intensity with irrigation to 
avoid overheating the nerve root. Now the size and extent of the disc hernia-
tion can be exposed and identifi ed (Fig. 10A, B). If during these steps a free se  -
questrated disc fragment is found, it is gently mobilized and teased free using 
a blunt dissector and a disc rongeur. The use of the suction tip in an alternating 
retract-relax fashion to retract the nerve root and expose the disc will avoid the 
need for excessive retraction which may cause injury to the nerve root with 
possible post-operative defi cit. At this point the herniation and annulus are 
exposed, I perform an oblique opening in the annulus fi brosus which offer 
better healing. Through this slit the herniated part is freed and removed, and 
the disc decompression is achieved with various straight and angulated disc 
rongeurs. Thereafter, the subligamental space is explored with the aid of a long 
hook and or right angle fi ne dissector and the migrated material removed. In 
the case of extruded or sequestrated disc, I do prefer to explore the disc space 
and take out the loose parts easily removable with the rongeurs, I don’t use the 
curettes in microsurgical discectomy. At the end of discectomy I rinse the disc 
space two to three times with normal saline mixed to antibiotics (gentamycin). 
However, it should be mentioned that there is no consensus yet regarding the 
amount of disc that should be removed in order to decrease the rate of recur-
rence. The nerve root and the thecal sac are covered using the epidural fat or 
free fat graft with care not to cause any compression.

In case of central herniation, after performing the discectomy and creating 
an empty space inside the disc, I use a long right angle blunt dissector to push 
the remaining protruded disc from under the annulus to the empty disc space 
from where it is easily removed with disc rongeur. This movement will avoid 

A B

Fig. 10. A Illustration showing the exposure of the lateral aspect of the nerve root and the 
herniated disc. R.L. Rostral lamina, N.R. Nerve root, D.S. Dural sac, C.L. Caudal lamina, D.H. 
Disc herniation. B Surgical view
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excessive retraction on the nerve root and thecal sac. At the end of the proce-
dure the annulus may be closed with one resorbable suture and if the annulus 
mass is bulky I shrink it with the bipolar coagulation. I found this less aggres-
sive approach very rewarding in terms of recurrent disc herniation.

Closure
Is done in anatomical layers after careful hemostasis. Placing a drain is rarely 
needed in microdiscectomy.

2.2 Surgical technique in recurrent disc herniation

Re-operation for scar alone or arachnoiditis is unlikely to be helpful to the 
patient. Despite following similar surgical principles, few differences are sig-
nifi cant enough to be mentioned. MRI with Gadolinium is the main exami-
nation needed, CT-myelography is used when there is contraindication or 
artifacts for the MRI. This allows proper evaluation of the scar localization 
and extension as well as the amount of recurrent disc. Plain X-rays with AP 
and lateral views are very important for the bony landmarks and to assess a 
possible instability.

The patient is positioned on a Wilson frame as previously described, the 
skin incision is marked according to the side and location of the recurrent 
disc. After the skin incision, the fascia is opened near the midline. Using the 
monopolar and sharp Cobb the muscles are stripped off the spinous proc-
esses and laminas starting from the normal bone landmarks in a subperiosteal 
plane which minimize the bleeding. Once the exposure of intact bone is com-
pleted, a scar tissue fi lling the interlaminar space and covering the edges of the 
lamina is identifi ed, then the scar thinning is started layer by layer against the 
laminas fi rst, the laminotomy is then extended superiorly and inferiorly till 
healthy dural sac is encountered. The dissection is started from the healthy 
dura medial to lateral by enlargement of the lateral recess and dissection of 
the scar against the bony structures until exposure of the pathology. How-
ever, it should be reminded that the scar over the dorsal aspect of the dural sac 
is not symptomatic and aggressive dissection has no benefi t rather than in-
crease risk of CSF leak. After thinning of the scar is achieved the dissection is 
followed in the direction cranio-caudal and mediolateral until the nerve root 
is clearly identifi ed and freed. With the lateral recess enlarged and the nerve 
root free in the foramen, it becomes possible to remove the recurrent disc 
fragments. If the annular opening is wide, it is our policy to remove the re-
sidual loose disc material from the disc space.

Sometimes the adhesions are so dense that it is wiser to leave a thin layer 
of scar tissue rather than trying to obtain a total removal with the risk of du-
ral tear or nerve root injury. If bone removal and massive discectomy is need-
ed, I perform spinal stabilization of this segment using pedicle screws and 
semi rigid plate, which helps avoiding the instability syndrome and adjacent 
segment disease (Fig. 11). The closure is done in classical way. At the end of 
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the surgery, I cover the dura and nerve root with a thin layer of free fat 
graft.

2.3  Surgical technique for extraforaminal disc herniation

Extraforaminal disc herniation is relatively rare, and encountered in elderly 
more than younger patients being more frequent in higher lumbar levels L3–
L4, L2–L3 more than L5–S1 (Fig. 12). The herniation is mostly sequestrated 
and it is migrating up in the foramen and extra foraminal. We do practice 2 
techniques, the classical interlaminar for contained extraforaminal hernia-
tions and for L5-S1 level. In this case we start by classical microdiscectomy 
then with long right angle blunt dissector we push inside the empty disc space 
the foraminal extraforaminal annulus and try to separate the herniated part 
off the inner annulus with the same dissector, then it is removed with upward 
45˚ disc rongeur. The other one is the paramedian – intertransverse approach 
which avoids the need for wide facetectomy and offer clear exposure of the 
extraforaminal compartment. Here is a short description of the technique.

Under general anesthesia the patient is positioned on a Wilson frame that 
opens the intertransverse and the disc space and maintains the abdomen free. 
The level is localized with one needle inserted lateral to the spinous processes 
aiming towards the superior border of the involved disc. A lateral fl uoroscopic 

Fig. 11. Dynamic semirigid fi xation using ALADYN Plate (Scient’x –France) after massive dis-
cectomy for recurrent disc herniation
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view is taken. A 4 cm skin incision is performed about 3 cm off to the midline 
with the needle mark in the center of the incision aiming wider exposure of the 
foramen as most of these herniations tend to migrate up. The thoracolumbar 
fascia is opened and blunt dissection with the fi nger in the plane between the 
multifi dus and longissimus muscles is carried down till the medial part of upper 
transverse process, the upper and lower facet joints and the pars in between are 
palpated. Then we insert anterior cervical discectomy retractor with the adequate 
blade length. At this point the remaining steps of the surgery is continued under 
operative microscope. The intertransverse membrane as well as the pars, upper 
facet and medial part of the transverse process are cleaned off and exposed. An 
intra-operative lateral radiographic control is performed to reconfi rm the level.

The fascia is opened, a small amount of bone from the superolateral aspect 
of the facet is drilled off. Thereafter the intertransverse membrane is detached 
by blunt dissector from the superior aspect of the caudal transverse process as 
well as the lateral edge of the pars and retracted laterally. After this maneuver, 
the fat surrounding the nerve should appear. Using a blunt dissector the nerve 
root is identifi ed. If the nerve root is diffi cult to fi nd, the upper pedicle is 
palpated, inferior to it the nerve root can be exposed and followed down to 
the disc level. Care should be taken to minimize the manipulation of the nerve 
root and the use of bipolar as injury to the dorsal ganglion may cause post-
operative neuropathic pain. In most of the cases the nerve is pushed cranially 
and laterally by a free disc fragment. Removal of the fragment is usually 
enough, however if a signifi cant opening in the annulus is identifi ed I go in-
side the disc with disc rongeur and excise the loose, easily removable frag-
ments. Care must be taken here  as the approach is oblique to the disc space, 
the surgeon must stay attentive and put his disc rongeur always oblique for-
ward inside the disc. Injury to the retroperitoneal vessels and ureter is easier 
and possible if the rongeur goes straight downward in the paraspinal space.

The wound is closed in anatomical layers. Placing a drain is  optional. Post-
operatively the patient is mobilized 4–5 h after the procedure and discharged 

Fig. 12. MRI in T2 WI axial cut, showing extra foraminal disc herniation (white arrow)
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on the second day. Before discharge the patient is instructed by the physio-
therapist. Active physiotherapy is started 4 weeks postoperative.

3. LONG-TERM RESULTS AND COMPLICATIONS

Success rates in microdiscectomy ranges from 75 to 95% or higher in various 
series. However, it has been suggested by other studies that a success rate of 
75–80% is a more accurate and realistic outcome expectation [1].

Lumbar microdiscectomy has very low complication rate range in a good 
hand, between 3 and 7%, these complications are:

Position related, wound infection and discitis, hematoma, dural tear, nerve 
root injury, symptomatic epidural scar, recurrent herniation, instability.

HOW TO AVOID COMPLICATIONS

1. RELATED TO THE POSITION

Ulnar nerve (the most common) can be avoided by placing protection pads. 
Peroneal nerve injury by avoiding hyperfl exion and compression of the pop-
liteal fossa mostly with knee-chest position.

Brachial plexus lesions: Avoid >90  abduction.
Cervical spinal cord injury: avoid excessive neck extension in el derly mainly.

2. OPERATING THE WRONG LEVEL OR THE WRONG SIDE

Perform fl uoroscopy before skin incision. I frequently repeat the fl uoro  scopy 
before opening the ligamentum fl avum and entering the canal.

3. EPIDURAL HEMATOMA

Check the patient for subtle coagulation problems and secure good hemostasis.

4. DURAL TEAR AND CSF LEAK

Work under magnifi cation, use blunt dissector, and dissect the dura from un-
der the ligament and lamina before using the Kerrison or curettes, use patties 
to protect the dura.

5. NERVE ROOT INJURY

Avoid excessive root and dural sac retraction.
Use bilateral approach when very large central disc herniation, observe 

pre-operative X-rays to rule out spina bifi da occulta. Avoid excessive coagu-
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lation. Use irrigation while coagulating close to the nerve, enter the disc 
rongeurs in closed position while discectomy.

6. IATROGENIC INSTABILITY

Avoid thinning the pars and aggressive facetectomy, stabilize if necessary.

7. INFECTION

Surgery must be delayed if there is any infection.
Consider prophylactic antibiotherapy especially in diabetic patients.

8. FAILED BACK SURGERY SYNDROME (FBSS)

All previously mentioned complications are factors of failed back surgery 
syndrome. Patient selection is more important rather than technical problems 
in FBSS.

CONCLUSIONS

Management of degenerative spinal diseases still represents a challenge to 
neurosurgeons with the wide range of clinical and radiological presentation. 
Different procedures, minimally-invasive and classical surgical techniques are 
being in use for the treatment of degenerative spinal diseases. In view of its 
high rate of success and low incidence of complications, microdiscectomy has 
imposed as the gold standard in the treatment of degenerative lumbar disc 
herniation. However, once again it should be stressed that good results can be 
obtained only by the combination of careful selection of the patient in asso-
ciation to microsurgical expertise.
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MANAGEMENT OF LUMBAR 
SPONDYLOLISTHESIS

R. G. FESSLER

INTRODUCTION

Spondylolisthesis is defi ned as anterior or posterior displacement of one 
 vertebral body over another. In the adult, this occurs as the result of abnor-
malities of bony architecture, degeneration of the spinal elements or trauma. 
Degenerative spondylolisthesis, probably the most frequently seen type of 
spondylolisthesis, was fi rst described by Junghanns [3]. MacNab further de-
fi ned the clinical and pathologic features of this condition [6].

Although several classifi cation schemes have been proposed, one very useful 
one is based upon the etiology of the disease process, and distinguishes between 
pathologic processes that cause spondylolisthesis [5]. Within this classifi cation 
scheme, two broad categories of spondylolisthesis have been defi ned: develop-
mental and acquired. Among the most frequent types of spondylolisthesis seen 
clinically, degenerative spondylolisthesis is a subtype of acquired spondylolis-
thesis, and can be further subdivided into primary and secondary spondylolis-
thesis. Primary degenerative spondylolisthesis is that commonly seen in those 
individuals presenting in middle age with symptoms of spinal stenosis. Second-
ary degenerative spondylolisthesis occurs as a result of some predisposing fac-
tor, such as adjacent level degeneration above a previous fusion.

The other most frequently encountered form of spondylolisthesis is Isth-
mic spondylolisthesis, involving abnormalities of the pars interarticularis, 
and can be either developmental or acquired (Fig 1). Wiltse et al. [11] has di-
vided isthmic spondylolisthesis into 3 subcategories. Subtype A occurs as a 
result of fatigue failure of the pars and is evident by a complete defect of 
separation of the adjacent bone. Subtype B occurs as a result of repeated 
micro fractures and healing of the pars with gradual slippage occurring, and is 
evident as an elongated pars. Finally, subtype C is an acute pars fracture.

The clinical presentation of spondylolisthesis, regardless of the subtype, is 
similar. Patients may be asymptomatic or present with back pain, leg pain, or 
a combination of both. Back pain is commonly aggravated by extension or 
rising to standing position from a bent posture. Leg pain may be either radic-
ular or present as neurogenic claudication (lower extremity pain, paresthe-
sias, or weakness associated with standing or walking). Pain is the most 
frequent symptom, being present in 94% of patients, with numbness (63%) 

Keywords: Spondylolisthesis, spinal surgery, degenerative disc disease, lum-
bar fusion
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and weakness (43%) reported less frequently [4]. Symptoms of claudication 
are typically bilateral, whereas radicular symptoms are usually dermatomal is 
distribution and frequently unilateral.

RATIONALE

Several factors have been identifi ed which may contribute to the likelihood of 
developing spondylolisthesis. Degenerative disc disease predisposes to instabil-
ity through collapse of the disc space height and annular/ligamentous laxity. 
This compromises the ability of the disc to resist ventral shear forces as the spine 
is loaded. Relative sagittal facet orientation may also predispose to slip by trans-
ferring resistance from the bony structures to the facet capsules and annulus. 
Furthermore, as forward slippage progresses, focal kyphosis occurs, which in-
creases the shear moment and tendancy toward progressive translation.

The variable anatomy of the pars between spinal segments may also con-
tribute to the probability of developing stress fractures at those levels. Al-
though the pars is quite large in diameter at the higher lumbar levels, it is 
relatively thin at L 5 [10]. Upright posture, and activities such as gymnastics, 
contact sports, and weight lifting increases the force concentrated across the 
pars. Thus, the probability of fracture is highest at those levels with the nar-
rowest pars diameter.

Fig. 1. Type A congenital spondylolisthesis
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As with many, if not most, spinal conditions, the natural history of spon-
dylolisthesis, once diagnosed, is not well characterized.  Thus, surgical decision 
making can be quite diffi cult. Matsunaga et al. [8] followed 40 patients with 
degenerative spondylolisthesis between 5 and 14 years (mean = 8.25 years). Pro-
gressive slip was noted in 12 patients (30%), but none of these patients reported 
clinical deterioration. Four patients (10%) did experience clinical deterioration, 
but none of these patients were in the group reporting progressive slip. Thus, 
these authors found no correlation between slip and symptom progression. 
Further review of the literature on natural history of degenerative spondylo-
listhesis, however, seems to suggest that only about 1/3 of untreated patients 
achieve satisfactory outcomes [2, 9]. Cinotti et al. [1] suggested that interverte-
bral disc narrowing, spur formation, subcartilaginous sclerosis and ligamentous 
ossifi cation may function as spinal re-stabilizers and decrease the likelihood of 
slip progression.

DECISION-MAKING

Ultimately, decision making for the treatment of spondylolisthesis comes down 
to the answers to a series of questions. First, is the patient symptomatic? As-
ymptomatic or minimally symptomatic spondylolisthesis does not require 
treatment. Surgical correction of cosmetic deformity secondary to spondylolis-
thesis may be elected, but is not otherwise mandatory. Second, is the patient 
neurologically impaired? If so, surgical intervention should be considered to 
maximize the probability of recovery of function. Third, if the patient is suffi -
ciently symptomatic to warrant treatment but is neurologically intact, has an 
adequate trial of non-surgical therapy been attempted. Non-surgical therapy 
should initially consist of physical therapy and non-steroidal anti-infl am matory 
analgesics for pain management. Exercises should be directed toward strength-
ening of the core and para spinal musculature, and stretching of these muscles as 
well as of the lower extremities (paying particular attention to the hamstrings, 
which become very tight in spondylolisthesis). Weight loss and aerobic condi-
tioning should be added as necessary, and bracing can be used as an adjunct to 
physical therapy. Epidural and/or facet capsule steroid injections can also de-
crease pain in the acute phase, but just as with narcotic medication, are not 
recommended for chronic treatment secondary to potential cumulative side ef-
fects. With this regimen, most patients will experience symptom relief within 3 
to 6 months. If patients do recover with non-surgical therapy, a daily exercise 
routine should be incorporated into their schedule to maintain their strength 
and fl exibility. If they do not recover, surgical treatment can be considered.

Finally, if surgery is being considered, the next question to answer is what 
operation would be best suited for the specifi c patient? Surgical options in-
clude: (1) direct repair of the pars interarticularis, (2) decompression of the 
neural elements alone, (3) decompression and in-situ posterolateral fusion, 
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(4) decompression, posterolateral fusion and pedicle screw instrumentation, 
and (5) decompression, instrumentation, and interbody fusion. For each op-
tion, of course, multiple minor variations of specifi c technique also exist. Al-
though the literature on this question is enormous, consensus regarding the 
best treatment does not exist. Most studies suggest that patients undergoing 
decompression with fusion achieve superior outcome than patients undergo-
ing decompression alone. It is less clear, however, that the addition of instru-
mentation signifi cantly enhances the outcome. Clearly, there are cases where 
the addition of instrumentation would seem the best medical decision. For 
example, in the young, active person, who has clear evidence of instability on 
fl exion/extension X-rays, the immediate stability provided by instrumenta-
tion and the secondary benefi ts derived from this (such as elimination of the 
need for external bracing, more rapid initiation of physical therapy, and more 
rapid return to normal activities) would seem to justify the additional time, 
cost, and risk of placing the instrumentation. On the other hand, in less clear 
cut individuals (such as in elderly individuals who appear stable on fl exion/
extension fi lms), instrumentation may not provide signifi cant added benefi t. 
After noting the association between the use of instrumentation and higher 
fusion rates, a position statement by the Scoliosis Research Society published 
in Spine recommended the use of spinal instrumentation for spinal stenosis 
with degenerative spondylolisthesis [7].

This manuscript will describe the technique I use for fusion of grade I to 
2 lumbar spondylolisthesis, and report the results obtained. It is a minimally 
invasive technique which technically not diffi cult and achieves results equiva-
lent or superior to traditional open technique.

SURGERY

1. EQUIPMENT

The minimally invasive transforaminal lumbar interbody fusion (TLIF) 
 requires the following equipment: C-arm fl uoroscopy, a tubular retraction 
system, a laminectomy tray with modifi ed instruments for working through 
a tubular retractor, a high-speed drill, tools for endplate preparation, an 
interbody graft, and a percutaneous pedicle screw system. Currently, I 
place all instrumentation using fl uoroscopy. I use an expandable tubular 
retractor (Fig. 2A [X-Tube®, Medtronic Sofamor Danek, Memphis, TN, 
USA]), which has a diameter of 26mm proximally (skin entry) but can be 
expanded in situ to a fi nal working diameter of 44 mm distally. This feature 
is particularly helpful for two level fusions. I perform the procedure using 
loupe magnifi cation with a headlight. The decompression is performed with 
standard laminectomy instruments that are lengthened and bayoneted for 
working through a tubular retractor. The tools for preparing the disc space 
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for graft placement consist of distractors (7–14 mm), rotating cutters, and 
endplate scrapers. Many options exist for interbody graft material. We have 
had good results when using either allograft bone or cages. Currenty my 
practice is to use a PEEK cage with autograft collected during facetectomy 
and rhBMP-2 (Infuse®, Medtronic Sofamor Danek, Memphis, TN, USA). 
Placement of percutaneous screws requires an 11-gauge bone biopsy needle 
(Jamshidi®, Cardinal Health), a Kocher clamp, K-wires, a drill, fl uorosco-
py, and a percutaneous pedicle screw system. I use the Sextant® system 
(Fig. 2B, C [Medtronic Sofamor Danek, Memphis, TN, USA]).

Fig. 2. Sextant instrumentation system. A Expandable tubular retractors. B Screw extend-
ers. C Rod holder and guide
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2. OPERATING ROOM SET-UP AND POSITIONING

The operating table is placed in the center of the room, with anesthesia at the 
patient’s head and fl uoroscopy monitor at the patient’s feet. The C-arm base is 
placed on the opposite side of where the TLIF is to be performed. The techni-
cian and equipment tables are kept behind the surgeon on the operative side 
and a Mayo stand is situated over the feet to pass instruments in active use.

Following induction and intubation, a Foley catheter is placed and neuro-
physiological monitoring with free running EMG capabilities is set up. After 
intubation, the anesthetist should avoid the use of relaxants and nitrous ox-
ide, which may interfere with EMG recordings. A single dose of appropriate 
antibiotic is administered. Sequential compression devices are placed on the 
legs and the patient is positioned on the operating table. The patient is posi-
tioned prone on a Wilson frame and Jackson table. All arm joints are bent to 
<90o and placed along side the patient’s head. The knees, axilla, elbows and 
wrists are carefully padded. The legs are elevated with pillows to reduce 
stretch on the sciatic nerve. The face is placed in a padded mask that has a 
mirrored surface (Prone View®, Dupaco, Oceanside, CA, USA) to ensure 
visualization of the eyes and the endotracheal tube throughout the procedure. 
An occlusive barrier is placed at the top of the gluteal cleft, and the skin is 
prepped and draped in standard fashion. The C-arm is brought in for a lat-
eral view of the affected level and draped into the fi eld.

3. LOCALIZATION AND EXPOSURE

Localization of the appropriate level is made with fl uoroscopy and a K-wire. 
Once marked and infi ltrated with local anesthetic, a stab incision is made 3 cm 
from midline, and the K-wire is inserted until it rests on bone. Ideally, the 
point should be on the facet complex of the affected level, orthogonal to the 
disc space. If localization is satisfactory, the skin incision is extended to a fi nal 
length of 2.5–3 cm with the K-wire bisecting the incision. Sequential dilators 
from the tubular access system are passed to expand the soft tissue in a step-
wise fashion. Fluoroscopy is used to confi rm positioning. After insertion of 
the fi nal dilator, a depth measurement is made and a working channel of ap-
propriate length is introduced. The ideal fi nal position of the working chan-
nel is over the facet, perpendicular to the disc space, and spanning the pedicles 
to be instrumented (Fig. 3). Inevitably some residual muscle and soft tissue 
remains after dilation and this is cleared from the lamina and facet with mo-
nopolar cautery in preparation for the decompression.

4. LAMINOTOMY/FACETECTOMY

A straight curette is used to defi ne the interlaminar space, a plane developed 
between the ligamentum fl avum and bone with an angled curette, and the 
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Fig. 3. Appropriate position of expandable retractor over facet complex as seen in lateral 
fl uoroscopic image

Fig. 4. Visualization of lateral edge of dura, exiting nerve root, and disc space as seen 
through tubular dilator
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level is confi rmed with fl uoroscopy. A laminotomy is performed with 
Kerrison rongeurs, revealing the ligamentum fl avum and defi ning the lateral 
extent of the spinal canal. The inferior articular process of the rostral level is 
removed with osteotomes guided by fl uoroscopy, exposing the superior ar-
ticular process of the caudal level. All bone is saved for later use in the inter-
body fusion. The decompression should extend from pedicle to pedicle in a 
rostral-caudal direction. Fluoroscopy can be used as needed to assess position 
and evaluate the extent of decompression. Laterally, a near-total or total fac-
etectomy is done to provide adequate space for graft placement; however, the 
portion of facet directly over the pedicle distal to the disc space should be 
preserved to provide an adequate platform for pedicle screw starting points. 
The ligamentum fl avum is removed. If necessary the working channel can be 
angled medially for a contralateral decompression. Epidural veins are coagu-
lated with bipolar cautery and divided if necessary. The lateral edge of the 
dura, the nerve root and the disc space should be clearly visualized (Fig. 4).

5. INTERBODY FUSION

A 15-blade scalpel is used to cut the annulus, and the initial discectomy pro-
ceeds using curettes and pituitary rongeurs. A down-angled curette is helpful 
to ensure that subligamentous disc fragments and the contralateral disc are 
properly removed. Next, the rotating cutter is introduced parallel with the 
disc space and twisted to prepare the vertebral body endplates. The endplates 
are scraped, and debris is removed with a pituitary rongeur. A chisel or Ker-
rison can be used to expand the annulotomy or to remove osteophytes. Tem-
plates are then inserted to expand and to measure the interbody space for the 
appropriately sized graft. Before placing the PEEK cage, we fi rst lay a rhB-
MP-2 soaked sponge along the anterior annulus followed by a generous 
amount of autograft. Another rhBMP-2 sponge and more autograft is placed 
in the cage and inserted obliquely such that it is centered in the disc space. 
Fluoroscopy is used to confi rm graft position. Hemostasis is achieved using 
standard techniques, and the working channel is withdrawn slowly in order 
to permit periodic cauterization.

6. PEDICLE SCREW FIXATION

Minimally invasive TLIF relies on AP and lateral fl uoroscopy for pedicle 
screw placement. After rotation of the C-arm for a true AP view in parallel to 
the disc space, starting points for screws are marked over the center of the 
pedicle. A bone biopsy needle is passed through the soft tissue and docked 
onto the entry point. We try to orient the needle directly in line with the 
pedicle, such that the needle will appear as a single spot (“bull’s eye”) in this 
orientation (Fig. 5). For ipsilateral screw placement this may require an ex-
tension of the previous incision by a few millimeters. On the contralateral 
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side two separate incisions of approximately 1.5 cm are required. The needle 
is tapped into the pedicle with a mallet and position is confi rmed by fl uoros-
copy. Then, with the needle held fi rmly in the correct orientation, the stylet is 
removed and a K-wire is drilled approximately 1 cm into the pedicle. The 
bone needle is removed and fl uoroscopy is used to confi rm that the K-wire is 
in the center of the pedicle. Once all the wires are placed, the C-arm is brought 
to the lateral position and the K-wires are advanced about two-thirds the 
length of the vertebral body parallel with the end plate.

The remainder of the procedure can be completed in less than 30 minutes. 
Soft tissue over the K-wires is serially dilated with the tubes included in the 
Sextant kit and the pedicles are tapped. Cannulated screws are passed over the 
K-wires and inserted using fl uoroscopy guidance. Once the screws are placed, 
the rod size is calculated using a template. The Sextant device is attached to 
the screw extenders and the rod is pushed through separate distal stab inci-
sions and the paraspinal soft tissue. A depth tester is then used to confi rm that 
the rod is correctly through each screw head. The screws are then compressed, 
tightened and broken off with a torque wrench. The Sextant is disconnected 
from the rod and removed. The process is repeated on the opposite side. Final 
construct position is assessed (Fig. 6A and B). Wounds are irrigated with 
antibiotic saline and closed in layers with absorbable suture. The wound is 
dressed with 2-octyl cyanoacrylate (Dermabond®, Ethicon, Somerville, NJ, 
USA).

Fig. 5. “Bulls eye” fl uoroscopic image of K-wire in appropriate position following insertion 
through Jamshidi needle
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7. RESULTS

In a recent review of our data, 108 patients had suffi cient pre- and postop-
erative data for the outcomes analysis. The median follow-up period was 
14.8 months (range 8.3–25.3 months) after surgery. All measured outcomes 
(3 VAS pain scores, ODI, and 8 subscales of SF-36) were signifi cantly im-
proved, except SF-36 general health subscale.

The results of a longitudinal analysis of changes in pain score and quality 
of life for the 3 VAS pain scores, revealed signifi cant improvement in the fi rst 
3 months with effects maintained to 2 years. Oswestry disability index sig-
nifi cantly improved in the fi rst 3 months, further improved at lower rate 
between month 3 and 7, and did not change after month 7. For fi ve SF-36 
subscales (Physical function, Role-physical, Vitality, Social function, and 
Role-emotional), there were signifi cant improvements in the fi rst 7 months 
and the effects maintained after month 7. SF-36 body pain subscale signifi -
cantly improved in the fi rst 3 months, further improved at lower rate between 
month 3 and 7, and did not change after month 7. There was a small increase 
in SF-36 general health subscale in the fi rst 3 months. SF-36 mental health 
subscale also increased in the fi rst 3 months.

The average operative time was 4.1 hours (SD = 1.2, range 1.1–8.5). The 
operative time was signifi cantly longer for patients undergoing multilevel 
surgery than those undergoing single level surgery (t test, p < 0.0001). Other 

Fig. 6. Appropriately place percutaneous screws and rods as seen in the (A) A/P and (B) 
lateral views
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factors including age, height, weight, BMI, side of surgery and pre-operative 
pain score, ODI, and SF-36 scores were not correlated with operative time. 
The median estimated blood loss was 150 ml (range 10–1000). The average 
length of hospital stay was 84 hours (SD = 36, range 20–182).

HOW TO AVOID COMPLICATIONS

A number of complications are possible with this technique, however, with 
experience, care and anticipation, most can be avoided. During the initial 
dilation, it is possible for the K wire or the dilators to slip into the inter-
laminar space and cause dural perforation or nerve injury. This can be 
avoided by removing the K wire after passage of the fi rst dilator and assur-
ing the dilators are docked on bone with passage of successive dilators. 
Dural tears and nerve root injury that can occur with removal of bone and 
ligament can be avoided with the generous use of angled curettes to defi ne 
and develop a subperiosteal plane. This is particularly important in the 
presence of scar tissue. The use of intraoperative EMG monitoring pro-
vides immediate feedback of nerve root irritation throughout the proce-
dure, and can alert the surgeon to overly aggressive nerve root traction 
especially during graft placement. The frequent use of fl uoroscopy is also 
helpful to guide decompression and for confi rmation of accurate screw 
placement.

CONCLUSIONS

Most studies suggest that patients undergoing decompression with fusion 
achieve superior outcome than patients undergoing decompression alone. 
There are cases where the addition of instrumentation seem the best decision, 
for example in the young patients, who hare clear evidence of instability on 
fl exion/extension X-rays.
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NON-TRAUMATIC EXTRA-MEDULLARY 
SPINAL CORD COMPRESSION

F. LAPIERRE

INTRODUCTION

The suffering and injuries of the spinal cord are known since 2500 BC, with 
the fi rst references in the Edwin Smith Surgical Papyrus. Very few documents 
exist until the rise of the Greek civilisation. Hippocrates is credited of the fi rst 
clinical descriptions of para- and tetraplegias, with some treatment descrip-
tions. Celsus (30 BC) established the role of the spinal cord in post-traumatic 
palsies. Galen (150 BC) experimentally reproduced spinal lesions and de-
scribed their consequences in the animals, and studied them in the gladiators. 
However, the concept of decompressive surgery was fi rst advocated by  Paulus 
of Aegina (625–690).

Gui de Chauliac (1300–1368) brought the modern concepts of the 
 possibility to cure the paralysis of spinal cord injury. All the   literature during 
these periods, and the Renaissance concerned the post-traumatic compres-
sions. The fi rst reference to spinal cord decompression even in the absence of 
vertebral fracture comes from the writings of Desault in 1796, following the 
experience concerning the fi rst decompressions performed by Geraud 1753, 
and then  Louis  1752  (Removal of bullets with functional improvement of 
the patients). Analysis of spinal cord dysfunction without traumatism had to 
wait for the discovery of the radiology during the 20th  century, and the use 
of  intradural contrast injection. Now CT scanner and MRI give complete 
and satisfactory imaging of the spine and its content.

RATIONALE

The main background concerning this pathology is:

Any structure surrounding the spinal cord may generate its compres-• 
sion in pathological conditions (Fig. 1).
An extradural compression, arising in vertebral bodies or  epidural tis-• 
sues occurs in 55% of cases.
An intradural extramedullary, arising in leptomeninges or roots in • 
40%, primarily meningiomas and neurinomas (together about 55% 
of intradural-extramedullary tumors).

Keywords: spine, spinal cord, tumor, extramedullary compression
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Metastatic lesions comprise the majority of extradural  tumors.• 
The questioning of the patient and his history leads in most cases to • 
suspect the diagnosis.
The post-therapeutic functional status of the patient depends on that • 
status at time of the treatment (decompression) whatever the cause: 
The greater the neurologic defi cit when treatment is initiated, the 
worse the chances for recovery of lost function.
The emergency of the decompression is linked to the acuteness of the • 
evolution.
Stabilization of the spine must be discussed in each case of bone  tumor • 
case.

Radicular signs:
Pain
Motor & sensitive disturbances in corresponding dermatoms

    Disappearance of jerk tendons reflexes
    Amyotrophia 

   Superior level of hypoesthesia

Spinal symptoms: 
Pain
Stiffness

Medullary signs: 
Hypoesthesia 

 Bilateral motor disturbances
 Sphincter dysfunction 
 Amplified jerk tendons reflexes
 Plantar cutaneous reflex with toe extension 
 Lack of amyotrophia 

Fig. 1. Spinal cord compression symptoms
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1. SURGICAL ANATOMY AND PHYSIOLOGY

Merging from the brainstem the spinal cord runs embedded in the spine from 
C1 to L2.

The symptoms of spinal cord compression come from:

The spine itself resulting in the spinal syndrome.• 
The presence in the spinal cord of descending motor tracts, the  sensory • 
ascending tracts causing the central nervous suffering signs.
The sprouting of nerve roots at each level corresponding to the segmen-• 
tal distribution, giving a group of peripheral signs (Fig. 1).

According to the level of the compression, the various symptoms can be 
associated. Below L2, cauda equina compression will include only peripheral 
signs. The vascularisation of the spinal cord comes from the vertebral arteries 
at the cervical level and the Adamkievicz artery (often named “lumbar en-
largement artery”) at the low thoracic and lumbar levels 5 (Fig. 2). The 
midthoracic territory constitutes an  intermediate territory “watershed zone”, 
more susceptible to vascular  insults.

DECISION-MAKING

1. CLINICAL FEATURES AND PRESENTATION

Past medical history of the patient: previous pathologies, especially cancers, 
infections…

History of the disease is pivotal to the diagnosis: onset is often insidious, 
but abruptness may occur.

Common fi ndings include:

Persistent pain at one precise site of the spine, even in recumbency, • 
radicular component pain (commonly bilateral in thoracic region, 
worse in cervical and lumbar lesions), exacerbated by movements, 
coughing, sneezing or straining.
Motor weakness of the lower limbs, with progressive shortening of • 
walking performance.
Sensory disturbances with lowered perception of stimuli.• 
Autonomic disturbances such as urinary urgency or hesitancy, • 
 constipation.

2. EXAMINATION

Will check the general status of the patient, and the different courses • 
of treatment.
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Will examine all other organs: lungs, liver, testis, breast…• 
Spine examination.• 
Will include total skin examination looking for “café-au-lait” spots • 
and any sign evocating a NF1, any melanic spot.
Will check the functional status:• 

Ambulation.• 
Radicular suffering and pain intensity.• 
Autonomic dysfunction.• 

Fig. 2. Vascularization of the spinal cord

a) Vertebral artery
b) Artery of the cervical enlargement
c) Dorsal radicular artery
d) Artery of the lumbar enlargement 
e) Anterior spinal artery
I) Watershed zone 
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This examination should conclude:

To a categorization of the patient based on the rapidity and serious-• 
ness of the neurologic fi ndings: able to walk, able to move legs but 
not antigravity, slight residual motor and sensory function, complete 
failure below the lesion.
To its ability to undergo surgery.• 
To the risk of rapid deterioration and necessity of immediate • 
 assessment.

3. RADIOLOGIC EVALUATION

Plain X-rays of entire spine may show pedicle erosion (defect in “owl’s eyes” 
on antero-posterior view, pathological compression fracture, osteoblastic 
changes (may occur with prostate cancer, Hodgkin’s disease, occasionally 
breast cancer and rarely with myeloma), vertebral osteomyelitis, spondylo-
discitis, primary bone tumor.

MRI, without and with contrast, T1, T2, Flair, T2* is the most contribu-
tive, showing the spine and its content. It must be done in at least 2 different 
planes (axial and sagittal in all cases).

Myelo-scanner is indicated only if MRI is contraindicated.
Bone scintigraphy: this will be an emergency evaluation if acute evolution 

of the neurologic deterioration.

4. GENERAL EVALUATION

Blood cell count, coagulation, ionogram.• 
Plain chest X-rays.• 
Myelogram if myelocytoma suspected.• 

5. CHECKING OF SURGICAL CONTRAINDICATIONS

Especially when the compression is the consequence of a spinal or epidural 
metastasis conditions with an important impact on perioperative morbidity 
and mortality have to be crucially considered: the patient should have a po-
tential survival of at least 6 months, a relatively stable systemic disease, a po-
tential to regain deambulation and respiratory autonomy.

6. FINAL DECISION

Depends on the type and site of compression• 
 The urgency of treatment which is correlated with the abruptness of 
the symptoms: The shortest the delay of the onset with rapid deterio-
ration, the greatest the emergency for treatment to give the patient a 
chance to recover function.
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Patients can be categorized into three groups:• 
Group I: signs/symptoms of new or progressive (hours to days) cord 
compression (ascending numbness, motor dysfunction, urinary 
 emergency): These patients carry a high risk of rapid deterioration 
and require immediate evaluation and treatment.
Group II: mild and stable signs/symptoms of cord compression – less 
emergent situation but require evaluation and treatment within few 
days.
 Group III: Back pain with very slight neuro symptoms – can be 
 evaluated as outpatient over several days.

MANAGEMENT AND SURGERY

Whatever the timing, the modality of the procedure must be adapted to the 
suspected pathology, and the patient status which is the best way to avoid 
complications:

1. METASTASES, SPINE TUMORS

Are the most frequent cause of cord compression in adults. Occur in 10% 
of all cancer patients, 5–10% of malignancies present initially with cord 
 compression.

The usual route of spread is hematogenous dissemination to vertebral 
body, with erosion back through the pedicles, and extension to the epidural 
space. Direct invasion from an adjacent tumor can also occur (Fig. 3). The 
primary site is in 80% of cases lung, breast, prostate, seminomas.

Fig. 3. Direct spine invasion by a lung cancer: axial plan MRI T1 sequence with gadolinium 
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The most common site is thoracic (50–60%).
Sometimes collapse of the pathologic vertebra occurs, with abrupt neuro-

logical deterioration.
If bony pathology is demonstrated, goal of treatment is pain control, pres-

ervation of spinal stability, preservation of ability to ambulate and of sphincter 
control. In most cases, an epidural extension is present.

If patient is Group III, the discussion must involve oncologists and radio-
therapists. If the cancer is already diagnosed, according to the cancer, chemo- 
and/or radiotherapy will be considered.

Surgery is indicated if stabilisation of the spine is necessary. If the bony 
pathology is the initial presentation of the cancer, CT scan of chest and abdo-
men must search the least invasive site for biopsy. If no tumor is detected, a 
bony needle biopsy of the vertebra has to be performed under CT scan con-
trol, or a surgical one. A surgical decompression is indicated if the epidural 
extension is threatening the cord.

If patient is group I or II, surgery is nearly always indicated.
Particular procedures:

Metastases to the upper cervical spine (0.5% of spinal  metastases)• 
They result in suboccipital and posterior cervical pain, and 15% of 

patients develop spinal cord compression, thanks to the wideness of 
the spinal canal. Their complication is quadriplegia due to atlantoaxial 
subluxation (6% of cases).

Posterior fusion is achieved, followed by radiation. An anterior 
approach must be avoided due to diffi culty and high morbidity.
 Metastases at the other cervical levels: an anterior approach with cor-• 
porectomy, inter corporeal graft and osteosynthesis is indicated be-
fore radiation.
Metastases to the thoracic and lumbar levels:• 

 The posterior route is commonly preferred for spinal cord decom-
pression, and posterior osteosynthesis. If the vertebral body is severe-
ly involved, an associated kyphoplasty or an anterior approach must 
be discussed and achieved, posterior stabilisation alone being not ef-
fective.
 At the cervicothoracic junction, the anterior approach when stabil-• 
ity is compromised can require extension through a median ster-
notomy, manubrial resection, and combined cervical approach and 
thoracotomy.
 Pure epidural metastatic compression requires laminectomy and can • 
be related to lymphomas, leukaemia and all mentioned primary le-
sions (Fig. 4).
Predictors of ambulatory function:• 

Preoperative non ambulatory patients require a more extensive 
surgery and have more surgical site complications.
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Bad functional outcome are unability to walk at time of surgery, 
pathological vertebral compression fracture, and preoperative 
 radiotherapy.

The likehood of regaining ambulatory ability is increased if 
 symptoms are present for less 48 h, and if a postoperative radiothera-
py is possible.

A B

Fig. 4. A Thoracic myeloma: sagittal T1 weighted MRI, demonstrating vertebral collapse 
and gadolinium enhancement and with sagittal T2-weighted image (B)
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2. DISC HERNIATIONS

Though uncommon can cause progressive neurologic defi cits, and must be 
treated with gratifying results. Their most common level is cervical (C5–C6 
and C6–C7), associated or not to myelopathy, and  lumbar. Thoracic hernia-
tions are the most diffi cult to treat. Acute onset do occur, specially in the low 
lumbar sites. The cervical or thoracic level will present with various associa-
tion of  radiculopathy, quadriplegia or paraplegia. If dealt with expeditiously, 
within the fi rst day, patients have the potential to recover.

Cervical herniations will be treated through an anterior approach: Re-• 
moval of herniation and disk, followed by intersomatic graft and/or 
fi xation.
Approaches to thoracic disk herniations can be posterior (laminec-• 
tomy), posterolateral (costotransversectomy), anterolateral (transtho-
racic or thoracoscopic), or anterior (transsternal), depending on the 
level of herniation, side involved, surgeon’s experience, number of 
involved vertebral levels.

Laminectomy is the worst way to treat this pathology, with a high 
rate of post-operative neurological deterioration.

Costo-transversectomy and trans-pedicular  approaches used for 
levels from T4 to T12 in lateral disk herniations.

Anterior approaches have become established as the standard for 
the appropriate treatment of disk lesions primarily anterior to the 
 spinal cord. Thoracotomy remains the standard open procedure pro-
viding optimal ventral exposure, which must be applied in these most 
often midline calcifi ed lesions.

Nowadays thoracoscopic techniques become the gold standard. 
However, many neurosurgeons prefer a trans-thoracic approach 
through a small thoracotomy of the 5 left intercostal space.
A postero-lateral approach is to be used at lumbar levels.• 

3. INFECTIOUS PROCESSES

Can be caused by bacteria, fungi, and parasite organisms. Usually affect the 
lumbar and thoracic spine (Fig. 5). Cervical localization is uncommon but 
often involves an epidural abscess, carrying a high risk of morbidity and 
death.

Pyogenic osteomyelitis is the most common encountered in adults, • 
patients usually suffering from an underlying disease such as diabetes 
mellitus, rheumatoid arthritis, cancer, drug use, hemodialysis patients, 
or patients treated for several weeks in an intensive care unit and even 
elderly patients with no other identifi able risk.
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Fig. 5. Polymicrobial thoracic epidural abcess. Sagittal T1-weighted MRI image with Gado-
linium enhancement
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Sources of infection are the urinary tract, dental fl ora, respiratory 
tract, soft tissues, and sites of previous surgery, the most common 
causative organism is Staphylococcus aureus, but numerous organ-
isms have been reported.

Tuberculosis is uncommon in developed countries, common in 
third world.

The most common presentation is back pain. Average delay from 
onset is a few weeks. Fever may not exist.

Plain X-rays can be contributive but after a delay and 
CT-Scan and MRI constitute the standard for diagnostic.

When early discovered, medical therapy is the treatment of choice, 
especially if the causative organism can be cultured from a closed nee-
dle biopsy or blood cultures, even if the patient is apyretic.

When neurologic defi cit or instability is present, surgery is indi-
cated. Surgery is also indicated when all other attempts to identify a 
pathogen have failed.
Epidural abscess• : is a rare but threatening affection of the peridural 
space: Is responsible of mechanical compression of the cord the effect of 
which is enhanced by hypoxia due to infl ammation and vascular com-
promise of feeding arteries or draining veins resulting in thrombosis, 
thrombophlebitis, or ischemic myelitis.

MRI is the gold standard for diagnosis.
Immediate surgical evacuation of the abscess must be performed, 

most often with a post-operative drainage, follo wed by long-term 
administration of intravenous antibiotics. Laminectomy or laminot-
omy are the preferred approaches.
Discitis: spontaneous discitis occurs in:• 

Adults: susceptible patients• 
Juvenile ones under 20 years, due to the presence of primordial • 
feeding arteries irrigating the nucleosus pulposus, and disappear 
after age 20–30.

Spinal cord compression seldom occurs, mainly after long-time delayed diag-
nosis. Surgery is indicated in these cases, to remove compression and treat 
associated instability.

4. JUXTAFACET CYSTS

Are located beside the facet joint, exhibit a communication with the facet 
joint, and closely related with its degeneration, include synovial and ganglion 
cysts.

Their most common localisation is lumbar often associated to spondylo-
sis, but they can develop anywhere in spine.
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Occur in adults (average 60 years old, range 33–88), with a slight female 
predominance.

They can be responsible of radiculopathy, associated with paraparesis, or 
quadriparesis. Symptoms may be more intermittent than with fi rm compres-
sive lesions and their sudden exacerbation may be due to hemorrhage within 
the cyst.

On MRI (Fig. 6), they can mimick neurofi bromas, disk hernia   tion …
May be isointense to the ligamentum fl avum, hypo- or hyperintense on 

T2-weighted sequences. On T2-weighted sequences they can be iso- or hy-
pointense to the CSF. Most show a peripheral enhancement after contrast 
administration.

They often are associated to a more or less severe degree of central canal 
stenosis.

On CT, calcifi cations and gas within the cyst are common  fi ndings.
Surgery is indicated through a medial facetectectomy: en bloc resection of 

the cyst, usually adherent to the dura mater with the adjacent ligamentum 
fl avum gives gratifying results, depending as usual on the preoperative func-
tional status of the patient.

5. SPINAL EPIDURAL HEMATOMA

Spontaneous spinal epidural hematomas seldom occur. These hematomas in-
clude hemorrhage from vertebral hemangiomas.

Most often they occur in patients with anticoagulation therapy, thrombo-
cytopeny, or having bleeding diathesis.

Fig. 6. Synovial cyst: sagittal T2-weighted MRI image
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No cause can be found in at least one third of cases.
Any spinal level may be involved, however thoracic is most common but 

may extend to entire spine. Most often they are located posterior to spinal 
cord.

The clinical presentation usually starts with severe back pain with  radicular 
component, rapidly quickly followed by a progressing neurological defi cit.

In bedridden patients, the motor weakness can remain unnoticed, or rath-
er late after the onset. Neurological deterioration may be more progressive.

CT scan showing blood in the epidural space is very contributive as well 
as MRI (Fig. 7) with T2* sequences.

Emergency treatment: decompression is the treatment of this condition, 
after reversion of anticoagulants. Patients whose anticoagulation is prescribed 
during the acute phase of myocardial infarction or any other severe condition 
have a very poor prognosis.

6. EPIDURAL TUMORS

Spinal epidural metastasis are the most frequent cause of spinal cord 
 compression.

Of epidural malignancies, lymphoma is the most important though repre-
senting only 2% of extra-nodal non hodgkinian lymphomas. Males about 
55 years old will present with compression of the thoracic cord. Presentation 
may have a rapid evolution. MRI will show the epidural mass (Fig. 8). Prompt 

Fig. 7. A Thoracic epidural hematoma: axial CT-scanner. B Cervico-thoracic epidural he-
matoma: sagittal T1-weighted MRI

A B
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laminectomy will confi rm the suspected diagnosis, followed by radiation and 
chemotherapy. The lymphoma carry a better prognosis than other  metastases.

Some other tumors can arise in the epidural space:

Meningiomas: 15% arise in vertebral bodies or epidural tissues. Com-• 
plete removal is able to cure them.
Lipomas: can occur spontaneously, but have also been induced by • 
long-term steroid treatments
Angiolipomas: associating mature angiomatous and lipomatous com-• 
ponents are benign tumors causing progressive spinal  compression 
sometimes partially regressing and mimicking multiple sclerosis. They 
occur in adults (average 47 years). They arise mostly at thoracic level.

There removal is easy and is followed by a rapid recovery.

Fig. 8. Thoracic epidural lymphoma: Sagittal T1-weighted image with gadolinium 
 enhancement
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7. INTRADURAL EXTRA-MEDULLARY TUMORS

7.1 Meningiomas

Meningiomas represent 15–20% of spinal compressions. The average of pa-
tients is 60 years, with female sex predominance.

The intradural tumor can occur at any location around the circumference 
of the spinal canal, but tend to be lateral to the spinal cord, with ventrolateral 
being the most common site. They are most frequent in the thoracic region.

Plain X-rays may show calcifi cations of the tumor, inside the spinal canal.
MRI (Fig. 9) will provide all needed information to plan the surgical 

procedure. 
Advanced age is never a contraindication for surgery, neither a severe neuro-

logical disability, all series reporting signifi cant neurological improvement.
Adequate exposure must be tailored according to the attachment of the 

meningioma. Posterolateral or posterior approach permit in nearly all cases 
the tumor removal and coagulation or resection of the dura mater (Fig. 10).

Long-term results are very good, with rare recurrences.

Fig. 9. Cervical meningioma: sagittal T1-weighted MRI image with gadolinium  enhancement
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Fig. 11. A Schwannoma: operative view. B The removed neurinoma

A B

A B

Fig. 10. A Thoracic meningioma: operative view. B The removed meningioma



109

NON-TRAUMATIC EXTRA-MEDULLARY SPINAL CORD COMPRESSION

B

A

C

D

Fig. 12. A Neurolipoma: sagittal T1-weighted MRI. B Axial T1-weighted MRI image. 
C Operative view. D After removal
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7.2 Schwannomas

Comprise approximatively 25% of all spinal tumors. They share with the 
intracranial tumors a predominant tendency to involve the sensory roots. 
Most growth are intradural, but some include both intra- and extradural 
 component.

They are most commonly seen in the low cervical region, but can be found 
in thoracic and lumbar ones with an increasing cranio-caudal frequency.

Age is far lower than in meningiomas, the average being 30, with male sex 
predominance.

They can be discovered when searching the cause of pain or neurologic 
disturbance, or during the follow-up of neurofi bromatosis patient. In young 
patients, this disease must always be eliminated.

Particular presentation feature: The pain is often exacerbated in the night.
Plain X-rays and CT scan show enlargement of the intervertebral foramen. 

CT scan and MRI both without and with contrast show the tumor, with en-
hancement. On T1 sequences the tumor is isointense in relation to the spinal 
cord, and of a mixed intensity on T2-weighted images. It may erode the ver-
tebra, extend through the foramen, and give an extraspinal portion  (dumbbell 
tumors).

Radical excision of the tumor (Fig. 11) carry a very good prognosis, in-
cluding patients preoperative disability.

Patients without neurofi bromatosis have nearly no recurrence.

7.3 Spinal acute subdural hematoma

Occurs rarely. May result from coagulation abnormalities and iatrogenic 
causes such as spinal puncture.

Early surgical treatment is always indicated when the patient’s neurologi-
cal status deteriorates, and with good results mainly in patients who do not 
experience associated subarachnoid hemorrhage.

7.4 Subdural arachnoid cysts

May cause spinal cord compression, myelopathy, syringomyelia, or become 
symptomatic when  hemorrhage occurs inside the cyst after a traumatism.

Surgical excision or drainage may be necessary when the patient’s condi-
tion deteriorates, but recurrence of the cyst can compromise long-term 
 results.

7.5 Neurolipomas (Fig. 12)

Most often can be completely resected. If they cannot be divided from the 
spinal roots some remnants may be left in situ to avoid post-operative 
 defi cit.
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POST-OPERATIVE MANAGEMENT

Prevention of bed-rest complications (bed sores, thrombo-embolic), • 
must be prescribed and has to be controlled at any time by a well 
trained staff.
Any site or general complication must be detected in immediately • 
 treated.
As well as the management of sphincterian disturbances and bowel • 
evacuation, sometimes increased by morphinic  prescription.
Post-operative radiology is performed after osteosynthesis.• 
If necessary, a brace must be done as soon as possible.• 
Rehabilitation is begun as soon as the general status and pain allow it, • 
with programmation of staying in a readaptation center.
Further exploration of extension of the malignant affection has to be • 
done if a metastasis was the fi rst symptom, with programmation of 
radiotherapy.
The follow-up with the different concerned physician has also to be • 
planned.

CONCLUSIONS

Spinal cord compression is a pathologic presentation the physician has to 
face daily.

The optimum management is complicated by emergency of 
 decompres sion – which is the only chance for the patient to recover func-
tion-intricated in a great number of cases with severe underlying patholo-
gies, each patient requiring a personal judicious evaluation.

Good decision making, adapted technics and treatment will bring gratify-
ing results in many cases both for the patient and the surgical team, helped by 
readaptation structures often postoperatively needed by the patients.
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INTRAMEDULLARY TUMORS
J. BROTCHI

INTRODUCTION

The surgical treatment of intramedullary tumors was pioneered by Elsberg 
[6]. Thereafter, several neurosurgeons greatly contributed to the surgical ap-
proach, mainly Cooper [5], Epstein and Epstein [7],  Guidetti et al. [9],
McCormick et al. [10], Malis [11], Stein [12].

The revolutionary changes that have been brought about by new neurora-
diological diagnostic tools such as magnetic resonance imaging (MRI) and 
new neurosurgical techniques, including microsurgical techniques, bipolar 
coagulation, ultrasonic aspiration and recently per-operative neurophysiolo-
gy, have made the majority of these tumors curable rather than hopeless. 
However, these lesions are rare and with few exceptions, the experience of 
most neurosurgeons is limited to a few numbers of cases. Unfortunately, that 
has led to suboptimal results: incomplete removal of potentially resectable 
tumors, unsatisfactory neurological outcome due to intraoperative misjudge-
ments, or surgical timidity and failure to provide the neuropathologists with 
suffi cient material to arrive at a correct diagnosis. Furthermore, it should be 
clear that the gold standard treatment of these lesions is complete removal 
with some exceptions in malignant tumors and infi ltrative gliomas for preser-
vation of quality of life. Therefore, surgical technique should be very precise 
and based on a very well known anatomy of spinal cord.

RATIONALE

The goal is complete removal but the way to approach differs according to 
tumoral nature and location. When writing this chapter, our experience is 
based on 410 intramedullary tumors. We confi rm what we have previously 
said when publishing our results in the past and in 2006 [1–3, 8]. Our strategy 
differs from gliomas to vascular tumors. For gliomas (ependymomas, astro-
cytomas), we favor a midline  approach with gentle separation of posterior 
columns. Vascular tumors (hemangioblastomas, cavernomas), which are mostly 
subpial lesions, are directly approached where they are seen under the micro-
scope. A midline approach means fi nding the midline under the microscope, 
which is not always easy. On the other hand, going directly on a subpial lat-
eralized lesion needs a complete preoperative MRI study with axial, sagittal 
and coronal views to avoid searching for the lesion.

Keywords: spinal cord, intramedullary tumors, neuro-oncology, microsurgery
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In deep-seated lesions, the fi rst diffi culty the surgeon has to face is to secure 
the midline. It is not always easy, especially with asymmetrically developed 
astrocytomas. Identifi cation of the midline may sometimes be diffi cult with the 
need to search it above or below the  tumor where the spinal cord is normal. 
High-powered microscopic magnifi cation will allow localization of the dorsal 
median sulcus, which appears as a distinct median “raphé”, over which the very 
tortuous posterior spinal vein runs. Sometimes, this sulcus is identifi ed only by 
the convergence of vessels toward the midline. Those vessels of varying size 
running vertically over the dorsal columns are dissected and mobilized laterally 
to expose the posterior sulcus, trying to spare all the thinnest arterial or venous 
vessels in the sulco-commissural  region. Another way is to appreciate the mid-
line between both posterior  collateral sulci.

DECISION-MAKING

1. DIAGNOSTIC CRITERIA

Spinal cord tumors have no typical clinical presentation. The initial presenta-
tion may consist of sensory disorders, torticollis, motor disorders, urinary 
dysfunction, scoliosis, myoclonus, rarely papilledema, subarachnoid hemor-
rhage or hydrocephalus mainly in children. Most commonly, adult patients 
complain of back or radicular pain, or  paresthesias. Children present with 
scoliosis or neurological complaints. The clinical course may be insidious (dur-
ing several years), abrupt in onset, or may progress episodically. One should 
not forget the value of clinical history since MRI alone does not guarantee an 
accurate diagnosis in every case. That is the reason why we recommend tak-
ing care of anamnesis and neurological exam to avoid making unnecessary 
surgery on multiple sclerosis lesion or vascular myelitis. In any doubt, a com-
plementary brain MRI should be performed for searching demyelinated 
plaques. CSF analysis and, if any hesitation, clinical and MRI follow-up 
may be more secure and wiser than unnecessary surgery.

2. INDICATIONS

It is now generally agreed that only symptomatic lesions should be treated 
surgically. In incidental discovery, it is wise to follow the patient clinically 
and with an MRI every 6 months. We do not recommend operating a stable 
lesion in an asymptomatic patient. But, as soon as the fi rst clinical signs ap-
pear, or if the lesion grows on subsequent MRIs, a decision for surgery should 
be made without waiting for deep neurological defi cits since it has been well 
demonstrated that quality of life is directly related to the preoperative status 
[4, 5]. Risks of surgery are greater in handicapped patients than in those with 
light neurological defi cit.
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SURGERY

1. GENERAL CONSIDERATIONS

The patient is positioned prone on bolsters, freeing the abdomen and the tho-
rax from any pressure. We do not use the sitting position for intramedullary 
tumors, even for those in the cervico-medullary junction. General anesthesia 
is performed using intravenous opioids and a continuous administration of 
propofol. Dosage adjustments are necessary to keep the patient’s invasively 
monitored blood pressure close to the one measured supine and awake. Halo-
genated volatile anesthetics should be avoided since they modify sensory 
evoked potentials. Short-acting muscle relaxants are used only to facilitate the 
intubations but are not re-administered, allowing the use of motor evoked 
potentials during the entire procedure.

To prevent inadvertent cervical fl exion and pressure on the face, we use a 
three-point head fi xation. Before starting surgery, sensory (SEP) and motor 
evoked potentials (MEP) are monitored. When the location of the tumor is 
cervical, we take care of sensory evoked potentials record to avoid any cord 
compression due to head position. At the beginning of the procedure, we like 
giving the patient a large dose of methylprednisolone (30 mg/kg bolus fol-
lowed by 5.4 mg/kg/h during 23 hours).

A midline skin incision is made, centered at the level of the lesion extend-
ing above and below it, cutting across the “raphé” and allowing symmetrical 
retraction of muscular masses. Laminectomy, laminotomy or laminoplasty 
are performed gently and patiently, avoiding any damage to the adjacent spi-
nal cord and preserving the lateral masses, to diminish the risk of post-oper-
ative kyphosis. Bone opening is limited one level above and one level under 
the solid part of the tumor.

In pediatric patients, we always do a laminotomy. In infants, one can per-
form a unilateral incision of the soft tissues, and unilateral laminotomy is 
possible. However, when an extensive laminectomy or laminotomy has to be 
performed in children or in adults, we recommend the preservation of one 
posterior arch every fi ve to six vertebrae. Hemostasis in the epidural space 
requires as much care as that in the soft tissues. A very clean fi eld without any 
bleeding must be obtained before opening the dura.

We like opening the dura under the microscope, keeping the arachnoid 
intact whenever possible. Dural suspension by simple traction sutures may 
often be suffi cient, but sutures to adjacent muscles allow better surgical room. 
The arachnoid is then opened separately with microscissors, and delicately 
freed from the posterior or lateral spinal cord, keeping it intact for closure at 
the end of surgery. Careful inspection of the spinal cord under magnifi cation 
may show a subpial color modifi cation by the tumor. In any doubt, we use 
intraoperative ultrasonography, which is helpful in locating solid and cystic 
parts of the tumor according to MRI data, but most of the times, we do not 
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need it. Now, it has to be decided if the approach will be posterior through 
the midline or lateral. In our view, the midline surgical approach is an abso-
lute rule, with one exception: when the lesion is located in one dorsal column 
and is apparent on the surface without any cortical “mantle”. Ependymomas 
are centrally located tumors (Figs. 1 and 2). They will benefi t of surgery 
through the posterior midline. Astrocytomas are eccentric tumors. Some-
times they are exophytic and may be followed from outside to inside the 
spinal cord, but in most of the cases, the approach will be similar to the one 
advocated for ependymomas, all the more so because it is diffi cult to know 
the nature of the tumoral process before getting a biopsy. Some rare deep lo-
cated hemangioblastomas may also be approached through the midline, but 
most of them are superfi cial, subpial, so are cavernomas. There is no need to 
enter the spinal cord through the midline in such a situation. It is safer to go 
where the tumor has already prepared the way.

2. SURGERY ACCORDING TO PATHOLOGIES

2.1 Ependymomas and astrocytomas

As said above, the fi rst diffi culty the surgeon has to face is to secure the 
 midline. It is not always easy, especially with asymmetrically developed as-
trocytomas. Identifi cation of the midline may sometimes be diffi cult with the 

A B C

Fig. 1. C2 ependymoma pre-operative MRI. A T1Wi, B T2Wi, C Gadolinium T1Wi
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need to search it above or below the tumor where the spinal cord is normal 
(Fig. 3). The dorsal columns are carefully retracted and opened progressively 
with microforceps and scissors, not with laser, over the entire length of the 
solid portion of the tumor, as if they were pages of a book. This manoeuvre is 
continued to expose the rostral and caudal cysts, if present.

Pial traction suturing improves the surgical exposure and reduces the se-
verity of repeated trauma due to dissection. This can be accomplished using a 
6-0 suture without tension to hold the median pia mater and the dura mater 
close together, instead of using suspension with sutures and weights at the 
ends of the sutures. We are aware of SEP recording during that handling to be 
sure keeping good function of posterior columns. Sometimes, the pressure of 
the tumor itself helps keeping the posterior columns separate and no pial trac-
tion is needed.

Intraoperative monitoring of the functional integrity of the spinal cord 
during intramedullary procedures has been recognized as a promising ad-
junct that may help in intraoperative decision-making and prediction of 
neurological outcome. The preservation of the SEPs must encourage us to 
proceed an aggressive intervention, but loss of SEPs is of little value for mo-
tor defi cit. On the other hand, MEPs correlate more closely with the postop-

A B C
Fig. 2. C2 ependymoma. Post operative MRI 6 years after complete removal. A T1Wi, 
B T2Wi: only a small residual cavity is seen. C Gadolinium T1Wi: no more contrast 
enhancement
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erative motor function. A decline of 50% or more in amplitude of MEPs is a 
warning sign to the surgeon almost when the tumor is infi ltrative. Neverthe-
less, when there is a good plane of separation, after waiting a few minutes, we 
go ahead, even if MEP are bad.

We start by exposing a suffi cient portion of the tumor to perform a biopsy 
with forceps and scissors, without coagulation. This is followed by immedi-
ate histological examination, while careful hemostasis is carried out before 
proceeding with surgery. Any information suggesting an infi ltrating or ma-
lignant tumor, or a non-tumoral process such as sarcoidosis, can be crucial in 
deciding whether tumor removal should be continued or not, especially when 
the infi ltrative character of the lesion is obvious. Otherwise, we adopt the 
same policy with ependymomas and astrocytomas: we do a debulking of the 
tumor, before searching for a cleavage plane. That is essential to avoid any 
traction or pressure on the spinal cord. Reducing the volume of the tumor is 
made by using ultrasonic aspiration after setting the suction at the lowest pos-
sible level and using vibratory force to a suitably low degree, because of the 
fragility of the location. Intratumoral resection is performed from inside to 
outside and this is sometimes facilitated by the presence of a cyst or an intra-

A B

C D

Fig. 3. C2 ependymoma. Surgical sequences. A Localization of the midline. B Separation of 
both posterior columns with forceps. C Pial sutures to dura to keep open the surgical room. 
D Debulking with ultrasonic aspirator
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tumoral hematoma. One must also remember that no ultrasonic aspirator 
 differentiates between tumor and spinal cord. Only the surgeon does. We are 
not in favor of laser surgery, which chars the tissues in a procedure in which 
the best landmark between tumor and normal cord is the color. We prefer to 
keep that landmark clean under our eyes. Thereafter, it is essential to look 
for a cleavage plane, which exists in most ependymomas and in 30 to 40% of 
astrocytomas. Finding the cleavage plane makes the tumor removal possible, 
the objective being total removal. The best dissection is made with two 
 microforceps, likewise we do when separating an acoustic schwannoma from 
the brain stem. It is safer than using microdissectors that may hurt the spinal 
cord (Fig. 4). We also like using cottonoid moistened with saline at 37 °C or a 
protection at the tip of the sucker. It is essential to keep the fi eld clean from 
blood in order not to lose the plane. If there is a capsule, or if the tumor is not 
too friable, it can be grasped, allowing visualization of the correct cleavage 
plane, which must be respected. We have frequently observed that the diffi -
culties are often different on each side or on each pole of the tumor. That is 
the reason why, instead of persisting in a particularly diffi cult area, or when 
SEP or MEP give us warning signs, we recommend moving the microscope 

A B

C D

Fig. 4. C2 ependymoma. Surgical sequences. A Gentle separation of the tumor from spinal 
cord. B Normal anterior spinal cord is found. C Coagulation of the last arterial feeder com-
ing from anterior spinal artery. D Division after coagulation of the last arterial feeder
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either from one side to the other, or from one pole of the tumor to the other, 
and coming back later after further reduction of the tumor bulk has been car-
ried out with the ultrasonic aspiration.

If the plane is not easy to fi nd, particularly if the intraoperative appearance 
is suggestive of an infi ltrating tumor, we exercise caution and we do not con-
tinue tumor removal at any cost since this may be both dangerous and unneces-
sary for the patient. At that stage, MEPs are of great help to safely go as far as 
possible, keeping always in mind  the quality of life. If no plane of separation is 
found, as often in many  astrocytomas, no aggressive surgery should be done.

The last diffi culty lies in the vascular pedicle or pedicles that supply the 
tumor and are connected to the anterior spinal artery, which must not be in-
jured. Careful coagulation and division of the small arterial feeders makes 
hemostasis easy. In fact, when removal is macroscopically complete, there is 
no more bleeding (Fig. 5). In view of the small size of the cord vessels, which 
stop bleeding spontaneously, it is  unusual to have to coagulate an area outside 
the tumor. When normal  spinal cord tissue can be seen through a transparent 
cyst wall, surgery can be terminated, as the cyst wall is similar to that seen in 
syringomyelic cavities.

A B

C D

Fig. 5. C2 ependymoma. Surgical sequences. A Removal of the last piece of tumor. B 
 Complete removal with a clean surgical room. C Pial suture to reappose both posterior col-
umns. D The arachnoid layer has been sutured over the surgical fi eld
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After tumor removal, the dorsal columns are released from pial traction 
and brought together again with caution. Whenever possible, we approxi-
mate the cord with non-absorbable silk 6-0 pial sutures, putting gently 
together both posterior columns at the condition the tumor has been to-
tally removed. The arachnoid may also be partially reconstituted with the 
same suture, if it has been preserved on opening. Indeed, after tumor re-
moval, there often is enough arachnoid since the cord volume is smaller 
than when surgery started. In partial or subtotal removal, we only close the 
arachnoid.

2.2 Hemangioblastomas and cavernomas

Those lesions are mostly superfi cial, lying over and in the spinal cord. When 
they are purely intra, surgery is done through the midline, as described above 
but no debulking is made, otherwise massive bleeding may compromise the 
surgery. When the tumors are seen after opening of the dura on the poste-
rior or postero-lateral surface of the spinal cord, they are directly approached. 
In some small lateral hemangioblastomas associated with a huge and tense 
syringomyelic cyst, it is useful to gently aspirate the fl uid through a 22-G 
needle to fl atten the spinal cord and get an easy access to the solid tumoral 
nodule. In huge hemangioblastomas, one should pay attention not to coagu-
late the draining vein at the beginning of the procedure. Under magnifi cation, 
we start by searching for the limit of the tumor at an area with few vessels. 
This is the starting point of our dissection. Cautious coagulation on the tu-
mor surface enables to obtain slight retraction that helps detach the lesion 
from the cord and its vascular connections that are step by step coagulated 
and divided, ending by the draining vein. Both hemangioblastomas and cav-
ernomas should be removed “en bloc”. The fundamental principle is to avoid 
debulking and to injure the lesion during dissection. This is mandatory for 
hemangioblastomas, for which we advise against the use of the ultrasonic as-
piration. The cleavage plane is distinct as long as bleeding does not interfere 
with the dissection. We like closing the arachnoid layer over the surgical fi eld 
to avoid spinal cord tethering to dura. In huge cystic cavities associated to 
hemangioblastomas, removal of the tumor nodule with opening of the cyst is 
suffi cient to solve the problem. No shunting of the associated syringomyelia 
is necessary. We never had to do it, even in a second stage. In Von Hippel-
Lindau disease, only symptomatic lesions should be treated. Multifocal forms, 
which may or may not be associated with other neuraxial or visceral lesions 
in Von Hippel-Lindau disease, raise the question of operative indications in 
the absence of clinical manifestations. It is now generally agreed that only 
symptomatic lesions should be treated surgically.

With cavernomas, an approach similar to that for hemangioblastomas is 
advocated. Many cavernomas are antero-laterally located. They may be safely 
approached after division of one or two dentate ligament attachments, allow-
ing to gently rotate the spinal cord with the help of 6-0 silk sutures holding 
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the ligament. That gives a nice room giving access to the antero-lateral spinal 
cord from which one may see the cavernoma through a transparent pia mater. 
We approach the lesion directly, with a small but suffi cient opening of the pia 
through which we often put 8-0 silk sutures to keep the way open. Then, with 
gentle coagulation on the lesion, we shrink it, which gives place to dissect and 
separate it from the cord. In some huge cavernomas, it may be necessary to 
make a strategy combining different approaches (posterior and antero-lateral) 
in the same surgical procedure.

Many cavernomas are incidentally discovered. In our opinion, only symp-
tomatic lesions should be operated. We will operate on cavernomas that have 
bled and those producing symptoms, even mild like radicular pain, but we 
have been quite conservative in recommending surgical removal of incidental 
cavernomas.

In hemangioblastomas and cavernomas, we do not try to close spinal cord 
opening. It is not possible in most cases. However, we cover the surgical fi eld 
with the arachnoid, which that may be approximated and sutured as done in 
ependymomas and astrocytomas.

In all the procedures, the dura is closed in watertight fashion and without 
tension, with a 5-0 non-absorbable silk. When a biopsy alone has been made, 
it is better to make a duraplasty. If laminotomy has been performed, the bone 
is returned to its place with internal fi xation, taking care to avoid any com-
pression of the spinal cord. If needed, spacer may be placed to gain a larger 
spinal canal volume. Paraspinal muscles are reapproximated and sutured, so is 
fascia over the raphe. The skin is closed in two layers, with a postoperative 
orthosis in place for 6 months for children with laminotomy. When the tumor 
is cervical, the patient is progressively awakened and extubated in the inten-
sive care unit, where he stays monitored one night. When the lesion is in the 
thoracic cord, the patient is awakened and extubated in the operating room, 
then placed for a few hours in the recovery room before going back in the 
normal care unit.

All the patients have an MRI on the next day. They are aware of tempo-
rary aggravation of sensory and sometimes motor defi cit below the level of 
the lesion. They also receive analgesics and anti-infl ammatory drugs to 
alleviate often distressing but temporary pain in the limbs and the spine. 
Early postoperative mobilization is advocated to achieve a better functional 
result.

3. RESULTS

3.1 Functional results

When they awake from surgery, in the recovery room, many patients fre-
quently complain of discomfort and are quite anxious, often more so 
than patients who have undergone surgery for other conditions. They feel 
pain everywhere and have diffuse hyperesthesia and paresthesias. They 
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cannot, or dare not, move. Position sense in the extremities is poorly per-
ceived. Muscle and spinal pain complete this picture of discomfort, which 
lasts for several days and is quite unresponsive to the usual analgesic 
drugs. The severity of the postoperative picture depends on the extent of 
the surgery.

Prior to the patient’s discharge from the hospital, a basic functional eval-
uation is made by the four-grade system proposed by McCormick et al. [10] 
to document motor and sensory function.  Immediately after surgery, an 
increase in post-operative defi cit, of varying severity, is often seen in nearly 
all patients. Although this early evaluation provides important information, 
it does not allow any prognosis to be made, even for the medium term, since 
most of those signs may be transitory.

At three months, the neurological situation is more or less defi nitive. We 
have observed on 410 patients improvement in tumors with satellite cysts 
only. If we go deeper in the results according  McCormick’s grades, we see the 
following:

In preoperative grade I patients, 5% worsened and 95% were un-• 
changed.
In preoperative grade II patients, 7% worsened, 86% were unchanged • 
and 7% improved.
In preoperative grade III patients, 18% worsened, 52% were un-• 
changed and 30% improved.
In preoperative grade IV patients, none except one (a child)  improved. • 
Most remained unchanged.

That means that intraspinal cord tumors should be operated in grade I or II 
for the best results. A yearly MRI is recommended for the follow-up. When 
tumor removal has been complete, confi rmed by MRI, subsequent MRIs 
are still necessary to make certain that there has been no recurrence. The 
appearance or reappearance of contrast enhancement suggests tumor recur-
rence or resumed progression of tumor growth.

Early MRI examination is of particular value when trying to demon-
strate the presence of residual tumoral tissue too. Diagnosis of residual tu-
mor is easy when the lesion was found to enhance after contrast injection 
prior to surgery. If there was no enhancement preoperatively, the diagnosis 
is more diffi cult and is mainly based on the presence of residual increased 
signal on T2-weighted images. This examination will evaluate the residual 
tumor and serves as a baseline for assessing subsequent progression of the 
lesion.

3.2 Complications

In our personal series based on 410 patients, the operative mortality is 1.7% 
with none in the last 197 cases.
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Surgical complications (4%) had no effect on the mortality rate and in-
cluded the following: hematoma at the operative site or epidural hema toma, 
arachnoiditis, sepsis, meningocele, cerebrospinal fl uid fi stula, pulmonary em-
bolism, perforated gastric ulcer and cervical kyphosis post laminectomy.

The risk of postlaminectomy spinal deformity is well known,  especially for 
children. Risk factors often responsible for postoperative deformities are 
young age, the presence of preoperative spinal deformity, cervical laminec-
tomy including C2, laminectomy involving at least six vertebrae, malignant 
neoplasm and adjunctive radiotherapy. Awareness of the risk factors can en-
able the surgeon to  prevent such deformities by avoiding injury to interverte-
bral joints, by using osteoplastic laminotomy in children followed by at least 
six-month immobilization of the spine, by orthopedic and radiological mon-
itoring until the end of the child’s growth period, and by not giving radio-
therapy to patients with low-grade glial and nonglial tumors.

We are convinced that there is no indication for radiotherapy in benign 
spinal cord tumors even after incomplete removal or recurrence or progres-
sion. Our personal opinion is based on a follow-up longer than 5 years in 
182 patients operated either for a low-grade ependymoma (116 cases) or a 
low-grade astrocytoma (66 cases), without adjunctive radiotherapy. We ob-
served 5 recurrences only (2 ependymomas after 18 and 9 years and 3 astro-
cytomas after 5, 6 and 7 years). Even low-grade astrocytomas removed may 
have a very indolent evolution. Seventeen  remained stable in spite of partial 
removal; few showed a slow MRI evolution without any clinical impairment. 
Furthermore, we found very diffi cult to reoperate several patients who had 
previously received radiotherapy after biopsy or partial removal. All have 
been worsened after our surgery opposite to those who did not rec eive 
radiotherapy.

In malignant gliomas, the treatment is only palliative as it is in brain. If in 
low-grade astrocytomas, irrespective of their histological type, we never pre-
scribe adjunctive radiotherapy, we do it for malignant gliomas; but whatever 
treatment was used for malignant astrocytomas, whether repeat surgery, ra-
diotherapy, or chemotherapy, the disease was always fatal within nine months 
to three years.

HOW TO AVOID COMPLICATIONS

  1.  Do a correct preoperative diagnosis, discuss with the neuroradiolo-
gist, avoid to operate infarct or demyelinating disease.

  2.  Do laminotomy or laminoplasty in children. Never  laminectomy.
  3.  Keep great care of C2 and of all articular joints.
  4. Learn anatomy of spinal cord.
  5.  Operate in a clean fi eld. Do meticulous haemostasis. Keep in mind 

that the best landmark between a tumor and spinal cord is the dif-
ference of color.
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  6.  No retractor should be used in the spinal cord. Keep surgical fi eld 
open with gentle sutures between pia and dura.

  7.  Debulk gliomas, which makes dissection easier. Never debulk hae-
mangioblastomas or cavernomas.

  8.  Be aware to stop if no clear plane of delineation.
  9.  Close the arachnoid and sometimes the pia. Do not let the dura 

tether to an open spinal cord.
 10.  Always do a watertight dura closure, with fat and glue in addition if 

needed.

CONCLUSIONS

Surgery is the gold standard in the treatment of spinal cord tumors. Complete 
removal is the fi rst goal. Post-operative results are dependent on surgeon’s 
experience but also on the pre-operative neurological status. Indeed, in our 
series, no paraplegic patients recovered except one child. In ambulatory pa-
tients, risks of permanent post-operative defi cits were 5%. But in already 
handicapped patients, surgical risks of permanent worsening jumped to 18%. 
That is the reason why we say that for hoping to get a good quality of life 
after surgery, patients with an intramedullary tumor should be operated be-
fore harboring heavy neurological defi cit.
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CHIARI MALFORMATION
J. A. GROTENHUIS

INTRODUCTION

The entire concept of these malformations emerged toward the end of 
the 19th century. Chiari’s initial work, on what would become known as 
Chiari malformation (CM), was published in the Deutsche Medizinische 
Wochenschrift in 1891 and entitled “Concerning alterations in the cerebellum 
resulting from cerebral hydrocephalus”. As the title suggests, his goal was to 
describe “the consecutive changes established in the region of the cerebellum 
by cerebral hydrocephalus” [4].

The interest in these conditions surged in 1935 after Russell and Donald 
introduced the notion of Chiari malformations into the English-language lit-
erature. They described 10 consecutive infants with Chiari II malformation, 
typically associated with congenital neural tube defects.

Adult cases of Chiari I malformation were not described until 1938, when 
McConnell and Parker reported fi ve cases, all with hydrocephalus and neu-
rological symptoms, in whom surgical exploration was performed; an au-
topsy procedure was performed in three. They used the term “tonsils” to 
describe the prolapsed cerebellar tissue. The same year, Aring reported a 20-
year-old man with an adult Chiari malformation but no hydrocephalus. This 
was the fi rst reported case of adult Chiari malformation (aCM) in a patient in 
whom hydrocephalus was not also present. The condition was diagnosed by 
cerebellar exploration, and the patient died 18 hours later. The cerebellar ton-
sils reached down to the axis.

Adams et al. [2] delineated the clinical syndrome and classifi ed the symp-
toms into fi ve groups: increased intracranial pressure, involvement of several 
of the cranial nerves, compression of the brainstem, compression of the spinal 
cord, and cerebellar signs, and they described the myelographic appearance of 
the protruding cerebellar tonsils. Other reports followed, which were mostly 
isolated case reports and some small series.

However, it was during the 1970s that the term adult Chiari malforma-
tion gained popularity and large series were published. This trend increased 
considerably over the following two decades, especially with the introduc-
tion of magnetic resonance (MR) imaging with its ease of visualization of 
the craniocervical junction. But this also has led to confusion in the litera-
ture regarding the concept of Chiari I malformation or adult Chiari malfor-
mation because there has been an increase in the number of patients with 

Keywords: Chiari malformation, CSF, cerebellum, craniocervical function
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radiological evidence of tonsillar herniation, some of whom are asymptom-
atic, raising questions as to its true clinical relevance and making it diffi cult 
to defi ne the line between a truly pathological situation and an innocent 
anatomical variant [1, 3, 7, 8, 10, 12].

The classifi cation of Chiari malformations has changed over the years, but 
right now I use the following classifi cation:

Type 0: Symptoms of Chiari without cerebellar tonsillar ectopia and 
without syringomyelia but somewhat more crowded posterior fossa 
and lower obex.
Type 0.5: Symptoms of Chiari without cerebellar tonsillar ectopia but 
with syringomyelia and with or without crowded posterior fossa or 
lower obex.
Type 1: Complete or partial herniation of cerebellar tonsils at least 
3–5 mm below the foramen magnum, frequently but not always associ-
ated with syringomyelia.
Type 1.5: In addition to type I also exhibit caudal descent of the brain-
stem and increased grades of odontoid retroversion but without spinal 
dysraphism.
Type 2: Herniation of elongated tonsils, vermis and pons down into cer-
vical canal, associated with spinal dysraphism and hydrocephalus and on 
MRI many other posterior fossa abnormalities like beaked tectum, 
 elongated tubelike fourth ventricle, low-lying torcular Herophili, cere-
bellar hemispheres wrapping around the brainstem anteriorly, concave 
clivus, medullary spur and medullary kink.
Type 3: (occipito) cervical hernia containing cerebellar tissue.
Type 4: Aplasia or hypoplasia of cerebellum (sometimes associated with 
encephalocele).

RATIONALE

Tonsillar herniation should be viewed as a craniocephalic disproportion or 
disproportion between the container (skull) and the contents (brain). This is 
confi rmed by examples of acquired tonsillar descent. Acquired tonsillar 
 ectopia is seen in various conditions; in some cases the volume of the cranial  
cavity is reduced, and in others the volume of the intracranial contents is in-
creased. Disorders associated with the former condition include severe 
 craniosynostosis and lesions that cause calvarial thickening such as Paget dis-
ease, rickets, and erythroid hyperplasia.  Disorders that cause an  increase in 
the volume of the intracranial contents and induce tonsillar descent are asso-
ciated with supratentorial tumors and infratentorial mass  lesions.

Nishikawa et al. [9] found a higher volume ratio of the posterior fossa brain 
compared with that of the posterior fossa cranium in Chiari I malformation. 
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Milhorat et al. [8] have also reported similar fi ndings, and they concluded that 
Chiari I malformation is a disorder of the mesoderm leading to a volumetri-
cally small posterior fossa that predisposes patients to hindbrain overcrowding. 
Experimentally-induced small posterior fossa was also found to lead to tonsil-
lar herniation.

All these fi ndings point to the fact that CM 0–1 is a developmental disor-
der of the skeleton (i.e. the posterior fossa), so it should be considered as be-
ing mesodermal in origin, not (neuro-)ectodermal.

The typical fi nding of an ascending course and elongation of the upper 
cervical nerve roots in CM refl ects the abnormal, caudo-cranially proceeding 
growth of the cervical spine! This cervical growth reversal is a compensatory 
event related to an impairment in the distal spinal growth (in case of myelom-
eningocele) or to dysproportionate growth between caudal and cranial part 
later in life.

So we should consider CM 0–1 as a representative of a wide variety of 
“osteo-neural growth pathologies” encompassing some dysplastic disorders 
of the axial skeleton such as basilar impression, platyspondyly, idiopathic 
scoliosis, Scheuermann’s kyphosis and achondroplasia. They all can be asso-
ciated with CSF disturbances.

Based on the review of all these papers the following remarks can be made.

 1.  Radiologically signifi cant tonsillar ectopia may be completely asymp-
tomatic.

 2.  There are patients in whom the tonsillar herniation extends less than 
5 mm from the foramen magnum, whose clinical behavior is similar 
to the remainder of the Chiari population, including even those with 
radiological evidence of syringohydromyelia.

The disease is most common in women, with a female-to-male ratio of 3:1. The 
age of onset is about 25 years (±15 years). The aCM syndrome continues to be 
under- or misdiagnosed, with an average delay in diagnosis of 5 years after onset 
of symptoms, and more than half of patients with aCM labeled psychogenic.

Between 30 and 50% of CM type 0.5–1 and 45–90% of CM type 2 have an 
associated syrinx, and up to 70% of all syringomyelias are related to a hind-
brain disorder. There have been many hypotheses and theories about the 
pathophysiology of Chiari-induced syringomyelia, starting with Gardner’s 
theory and until present days another 15 possible explanations have been 
given. Although a detailed description of this subject, however interesting, is 
beyond the scope of this book, the pathological CSF fl ow pattern and its 
restoration after decompressive surgery has been described extensively in the 
modern literature [6, 11, 13].

With the increased understanding of the pathophysiological basis for the 
development of syringomyelia in Chiari I malformation and with the com-
mon experience accumulated in numerous series, there is little controversy 
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today that the common denominator of all treatment strategies is posterior 
craniovertebral decompression. However, details of the procedure, its extent 
and invasiveness, the technique of dural closure, and whether a drainage 
 system should be placed in the syrinx cavity, are subject to considerable 
 dispute.

DECISION-MAKING

1. DIAGNOSTIC CRITERIA

A carefully taken history and physical examination should be the start of the 
evaluation of every patient with aCM. Neurologic examination should spe-
cifi cally focus on presence or absence of papilledema, function of lower cra-
nial nerves, pain during or limitation of neck motion, scoliosis, discrepancy in 
leg-length, any sensory defi cit over the trunk and asymmetry of abdominal 
refl exes.

The clinical syndrome of aCM consist of:

Headaches• 
Pseudotumor (IIH)-like episodes• 
Menière’s disease-like symptoms• 
Lower cranial nerve signs• 
Spinal cord disturbances (even in the absence of syringomyelia!)• 

Every patient with aCM will undergo MR imaging of the craniocervical 
region. The typical MRI fi ndings in aCM (type 0–0.5–1) are:

Obliteration of retrocerebellar fl uid spaces with small posterior fossa• 
Any degree of (but also absence of) tonsillar herniation• 
Pegshaped tonsils• 
Increased slope of the tentorium • 
Reduced length of the clivus (which is often slightly concave!)• 
Reduced height of the supraocciput• 
Medullary kinking• 
Varying degrees of cranial base dysplasia• 

However, it should be routine to do a complete neuraxis MR investiga-
tion, including the whole brain and the thoracic and lumbar spine too. Be 
aware of the fact that the syrinx in a patient with aCM can skip the whole 
cervical region and appear only in the thoracic region (Fig. 1). If hydrocepha-
lus is present, this should be addressed fi rst before considering any interven-
tion in the posterior fossa.

The MRI should be carefully checked for any ventral compression (by the 
dens itself or tissue around it), since this can be an important contributing 
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factor in the formation of the hindbrain herniation. If substantial ventral 
compression is present, this should be addressed fi rst! Modern MR imaging 
techniques even allow MRI in fl exion and extension to evaluate this, but this 
is not yet routine.

For the planning of a posterior fossa decompression, the extent of the 
tonsillar herniation should be assessed together with the presence or absence 
of any brainstem displacement, the position of the torcular Herophili and 
presence or absence of any obstruction membranes around the lower brain-
stem and the fourth ventricle outlets.

Although a lot has been published about the use of cine-MRI for evalua-
tion of the CSF fl ow, we are still lacking critical data from this modality that 
can really help in the decision-making.

2. INDICATIONS FOR SURGICAL TREATMENT

As mentioned before, treatment of ACM is surgical. However, not every ton-
sillar ectopia, Chiari-related syringomyelia, or symptomatic ACM needs to 
be treated.

Fig. 1. Tonsillar herniation less than 5 mm with thoracic syringomyelia
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The following factors are taken into consideration when addressing the 
risk/benefi t ratio:

The severity and nature of the symptoms;• 
The alteration in the patient’s quality of life secondary to these • 
 symptoms;
The likelihood that these symptoms are related to the tonsillar ec-• 
topia, taking into consideration the clinical presentation, associated 
medical conditions, and the radiological fi ndings;
Associated psychological factors;• 
The surgical complication rate; and• 
The long-term results for surgical treatment of the particular symp-• 
tom that is being addressed, with most series reporting a long-term 
success rate between 50 and 85%.

The surgical decision is highly individualized, especially because most 
symptoms are subjective. The expected improvement in quality of life 
should outweigh the potential uncertainty regarding the causal relationship 
between the tonsillar ectopia and the particular symptoms, the risk of the 
surgery, and the long-term failure rate. Surgery should be reserved for pa-
tients with disabling or unbearable symptoms that are likely to be related to 
the ACM. Some patients with minor symptoms need only reassurance that 
their symptoms are caused by a real disease, and that they are not dangerous 
or life-threatening.

SURGERY

1. OPERATIVE TECHNIQUE

A successful neurosurgical procedure starts with the proper positioning of 
the patient. I always perform this surgery in the prone position with the head 
fl exed and then fi xed in a skull clamp (Mayfi eld or Zeppelin-Grotenhuis 
headholder). The fl exion is not extreme, there should be space for at least two 
fi ngers between chest and chin! Then the operating table is put into an anti-
Trendelenburg position until the subocciput is horizontal with the fl oor.

The hair is clipped (but not shaved) for one centimeter in the midline. A 
straight skin incision is made from just below the inion to the upper cervical 
region. The muscles and periosteum are stripped laterally. Take care to leave 
the muscular and ligamentous attachments to C2 intact, this will minimize 
postoperative discomfort and, even more important, will prevent instability.

A small suboccipital craniectomy and a C-1 laminectomy are performed 
(Fig. 2). The craniectomy usually extends from the foramen magnum 2.5–3 cm 
upward, reaching the inferior nuchal line of the occipital bone, but not 
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 resecting the insertion area of the rectus capitis posterior minor muscle, and 
the medial insertion area of the rectus capitis posterior major muscle!

The tonsils are visualized using intraoperative ultrasonography. If the tip of 
the tonsils cannot be suffi ciently exposed, a C-2 laminectomy is additionally 
performed but this is rarely the case in Chiari 0 and 1. The dura is opened in a 
Y-shaped fashion, starting at the spinal part and trying not to open the arachnoid 
initially. It is a common fi nding to see the arachnoid bulging out strongly into 
the dural opening since the CSF cannot enter the intracranial compartment. Af-
ter further opening of the dura overlying the tonsils and the cerebellum, often 
the arachnoid starts to pulsate already and the bulging becomes less, pointing to 
the fact that CSF circulation at this level is improved just by opening the dura.

In the majority of cases the low-lying cerebellar tonsils are the only part 
of the cerebellum that will be seen in the opening (Fig. 3).

Only in cases of extensively large tonsils, subpial resection of one tonsil is 
performed. Look for the more blanched, gliotic tonsil that usually has lost its 
fi ne reticular vascular pattern. Normalization of the position of the tonsils, 
visualization of the obex between the tonsils, and decompression of the brain-
stem and cranial nerves are the goals of this maneuver.

The foramen of Magendie is also exposed by careful separation of the ton-
sils to ensure that there is no obstruction (Fig. 4). Arachnoid membranes in 
this area are widely opened to ensure CSF outfl ow of the 4th ventricle.

As soon as the white, avascular fl oor of the fourth ventricle is visualized, 
dissection is suffi cient. I never perform plugging of the obex or placement of 
any kind of stent during a primary posterior fossa decompression.

Fig. 2. Patient in prone position. Skin incision ad bone removal depicted
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Fig. 3. After removal of the arch of C1 and dural opening, the low-lying tonsils are visible

Fig. 4. Intraoperative photograph inserted into the drawing. Separation of the tonsils reveal 
arachnoid membranes, obstructing the foramen of Magendie
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The dura is closed with periosteum and if this cannot be harvested a dural 
graft (either Dura Matrix, TissuDura or Neuropatch) is used ensuring the recon-
struction of an open CSF space at the craniocervical junction. I use a synthetic 
sealant (DuraSeal) for a watertight closure and prevention of CSF leakage.

The patients are generally extubated in the operating room and the patient 
will stay overnight in a medium care unit. Patients are discharged from the 
hospital around the 4th postoperative day.

Patients are monitored clinically and postoperative MR imaging is done only 
on indication, except those patients with a syringomyelia. These patients have a 
postoperative MRI after 3 months to assess the effect of the decompression.

2. HOW TO DEAL WITH CHIARI INDUCED SYRINGOMYELIA

Concerning the syringomyelia, most surgeons agree that the fl ow of CSF around 
the herniated tonsils must be restored in order to see the syrinx resolve, or col-
lapse. The best surgery for syringomyelia will aim to fi x the cause of the syrinx 
and not to operate on the syrinx directly. But the bottom-line is that every pa-
tient is different. Some have as little as one or two millimeters of tonsillar hernia-
tion, others have more than twenty! Some have scar tissue, some don’t.  In this 
you can see how successful treatment will really depend on whether the surgeon 
can fi gure out what exactly is causing the blockage of CSF (Fig. 5A and B)!

But even when collapse of the syrinx occur, the syrinx cavity can have 
done permanent nerve damage, which is why early treatment is essential. If a 
patient has numbness associated with a syrinx, there is a good chance it will 
go away if the operation is successful.

If the patient has burning pain, this is most likely permanent and can be re-
duced but not resolved completely. Finally, if patients have weakness in their 
extremities associated with the syrinx, this is also most likely to be permanent.

A B

Fig. 5. A Wide retrocerebellar CSF space after posterior fossa decompression with continu-
ous bony compression and syringomyelia. B Scan on 2nd postoperative day with already 
disappearance of the syringomyelia and good CSF fl ow
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The nature of syringomyelia is progressive, and so treatment to fi x the 
cause of the syrinx is absolutely vital as soon as possible. Otherwise, the 
 patient will continue to get worse as the damage becomes more and more 
permanent.

At present, the diffi culty is to visualize the exact area of disturbed CSF 
fl ow in any case of syringomyelia, whether or not associated with Chiari mal-
formation, because the major goal of surgery is to restore normal fl ow of the 
CSF.

3. COMPLICATIONS

Operative complications from posterior fossa decompression should be ex-
ceedingly few but it is good to know all possible problems that can occur. The 
following present some of the typical complications of suboccipital decom-
pression for ACM.

3.1 Cerebrospinal fluid leak

Cerebrospinal fl uid leakage can be fatal if it leads to meningitis. This compli-
cation is prevented by watertight dural closure and tight fascial and skin clo-
sure. If it occurs, it is treated by over-sawing the incision and lumbar drainage 
if the leak persists. But be aware of the fact that lumbar drainage can lead to 
recurrence of the Chiari symptoms. Although it is very uncomfortable for the 
patients, I prefer to have them in bed in a Trendelenburg position. Further-
more, the possibility of an intracranial space-occupying mass should be ex-
cluded before the drain is placed by either CT or MRI-scan, the latter being 
the preferred method for postoperative imaging.

3.2 Pseudomeningocele

Some failures result from compressive pseudomeningocele. Prevention is by 
watertight dural closure, and initial treatment is by lumbar drainage. If the 
latter fails, reexploration may be indicated. But be aware of the fact that some 
epidural CSF collection is a rather usual fi nding on postoperative MRI and as 
long as it is not compressive and cause any symptoms this should be accepted 
(Fig. 6).

3.3 Brainstem infarction

Brainstem infarction may occur secondary to injury to the vertebral artery or 
posteroinferior cerebellar artery (PICA). The vertebral artery may be injured 
during dissection of the posterior arch of C1 when this is done too far  laterally. 
The PICA can have an extradural origin, making it subject to injury during 
extradural exposure. It also may be injured during intradural dissection. So, 
avoiding unnecessarily wide or aggressive dissection over the arch of C1 is 
advocated as a preventive measure. I always avoid aggressive intra-arachnoid 
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dissection to reduce the risk of vascular injury to the PICA so be aware of it, 
especially when starting to work on the tonsils. Although I have, fortunately, 
never experienced any vascular injury, when such an event occurs, arterial 
repair should be attempted if feasible.

3.4 Cerebellar sag

Cerebellar sag has been reported to occur following too generous suboc-
cipital decompression. It leads to intractable headaches and recurrent syrin-
gomyelia. Treatment is by suboccipital cranioplasty or ventriculoperitoneal 
shunting [5].

CONCLUSIONS

Perhaps it is the opening statement written by Ball and Crone in their article 
that seems appropriate as a concluding remark: “Ever since the initial post-
mortem description by Chiari in 1891 of the group of malformations that 
bears his name, it seems there have always been more questions on this sub-
ject than answers”. The defi nition of the adult Chiari malformation has varied 
with the evolution of neurodiagnostic capabilities and knowledge of physio-
pathology.

There is no single test that allows a clear-cut distinction between clinically 
signifi cant tonsillar ectopia and incidental tonsillar descent. With the fl uidity 
of the defi nition of the adult Chiari malformation, as well as the increasing 
number of asymptomatic patients with signifi cant radiological tonsillar her-
niation, it is the clinical judgment of the physicians evaluating this disorder 
that is of the utmost importance to avoid the therapeutic extremes of pursu-
ing unnecessary surgery or withholding necessary treatment from patients.

Fig. 6. Postoperative image after posterior fossa decompression with resolution of all 
symptoms. The submuscular CSF collection is not compressive and causes no symptoms
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SYRINGOMYELIA
J. KLEKAMP

INTRODUCTION

The term syringomyelia was introduced by Ollivier D’Angers in 1827 [12] for 
cystic cavitations of the spinal cord. However, not every cystic formation of the 
spinal cord should be addressed as a syrinx. Syringomyelia describes a progres-
sive accumulation of fl uid inside the spinal cord. This fl uid may be localized 
inside the parenchyma or the central canal. The term hydromyelia may be used 
to describe a syrinx confi ned to the central canal. Syringomyelia has to be dif-
ferentiated from dilatations of the central canal, cystic neoplasms of the spinal 
cord, glioependymal cysts and myelomalacia. The fi rst surgeons to operate on a 
syrinx were Abbe and Coley in 1892 [11]. They punctured the spinal cord using 
a hemilaminectomy but did not produce a benefi t for the patient. Next came 
surgeons like Charles Elsberg [2] and Ludvik Puusepp [13] who advised cyst 
punctures and myelotomies with only a few patients treated until the late 1920s. 
In the 1930s reports appeared recommending shunts for syringomyelia. Almost 
any type of material was used for this purpose. This type of treatment remained 
the state of the art until the advent of modern imaging techniques in the 1970s 
and 1980s. At that time, it became more and more clear, that a syrinx is always 
associated with other pathologies in the spinal canal or craniocervical junction. 
Actually, almost any pathology in the spinal canal or craniocervical junction 
may be related to a syrinx. Surgeons observed that if they neglected the syrinx 
and just treated the associated disorder, the syrinx often regressed. Pioneers in 
the area of the craniocervical junction were James Gardner [3] and Bernard Wil-
liams [15] who popularized the decompression of the foramen magnum for 
syringomyelia associated with Chiari type I malformation in the 70s and 80s. 
But also for spinal pathologies such as posttraumatic syringomyelia or syringo-
myelia associated with arachnoiditis surgeons like Bernard Williams [16] and 
Ulrich Batzdorf [1] started to treat the spinal disorder since the 1990s.

Up to this day no pathophysiological concept for the development of syrin-
gomyelia can be considered as generally accepted. However, by the 21st century 
it is generally agreed that syringomyelia is always related to another pathology 
that either causes a disturbance of cerebrospinal fl uid (CSF) fl ow, spinal cord 
tethering or to an intramedullary tumor [4, 5]. If this associated pathology can 
be treated successfully, no further measures for the syrinx are needed. This chap-

Keywords: syringomyelia, chiari malformation, craniocervical instability, 
basilar invagination, hydrocephalus; spinal arachnoid scarring, spinal arach-
noid cyst, tethered cord syndrome; spinal dysraphism
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ter will outline the diagnostic measures required to identify the cause of a par-
ticular syrinx and the surgical treatment that I use for the commonest entities.

RATIONALE

The pathophysiology of syringomyelia is not fully understood. The current un-
derstanding is based on observations, that syringomyelia is related to obstructions 
of cerebrospinal fl uid (CSF) fl ow. Currently, I consider a syrinx as an intramedul-
lary cyst caused by accumulated extracellular fl uid of the spinal cord [4, 5].

Basically, any disorder of the spinal canal may alter CSF fl ow and, thus, be 
responsible for a syrinx (Table 1). This chapter can only mention the 
 commonest disorders. At the craniocervical junction, the Chiari type I mal-
formation has to be looked for as the commonest pathology related to syrin-
gomyelia. Spinal pathologies causing a syrinx are characterized by areas of 
arachnoid scarring. Such scarring may be related to trauma, infection, hemor-

Table 1. Syringomyelia and its associated disorders

Craniocervical junction  

 Chiari I malformation 492

    • with syringomyelia 374
    • no syringomyelia 118
    • Basilar invagination  35

 Chiari II malformation  25

    • with syringomyelia  13
    • no syringomyelia  12

 Foramen magnum arachnoiditis  28

Spinal canal

 Arachnoid scarring 331

    • Posttraumatic scarring 115
    • Postinfl ammatory scarring 216

 Intramedullary tumors 216

    • with syringomyelia 103
    • no syringomyelia 113

 Extramedullary tumors 488

    • with syringomyelia  29
    • no syringomyelia 459

 Spinal dysraphism + tethered cord  99

    • with syringomyelia  30
    • no syringomyelia  69

 Degenerative disc disease  57
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rhage, irritation by old contrast agents such as metrizamide, or surgery, to 
mention a few. As a general rule, arachnoid scarring in the cervical area will 
generally cause a syrinx below the spinal level of arachnoid scarring, whereas 
thoracic arachnoid scars lead to an upward expansion of a syrinx.

A syrinx always starts to develop in a spinal segment close to the underlying 
pathology and expands from there with time. This has a number of implications:

The underlying pathology comes fi rst and with it the fi rst clinical 1. 
symptoms. In other words, a careful clinical history can provide clues 
to the underlying pathology. The fi rst clinical symptoms tend to be 
related to the disorder causing the CSF fl ow obstruction rather than 
to the syrinx!
Repeating MRI scans may disclose the direction in which a syrinx 2. 
expands. The underlying cause will then be found at the opposite end 
of the syrinx!

It is always puzzling that patients may harbour a huge syrinx and yet have just 
minor symptoms with exactly the opposite observation for some smaller 
 syrinx cavities associated with major neurological defi cits. My explanation for 
this paradox is, that a great deal of the clinical problems are related to the un-
derlying disease process causing the syrinx rather than to the syrinx itself [8].

The classical symptoms of syringomyelia are a dissociated sensory loss 
with loss of sensation for temperature and pain but preserved sensation for 
light touch. Pain related to syringomyelia is either permanent or aggravated 
by maneuvers such as coughing and sneezing and perceived in dermatomes 
corresponding to the syrinx. Motor defi cits may develop subsequently, cor-
respond to damage of anterior horn cells and lead to atrophy of affected mus-
cle groups favouring small muscles at fi rst. Late features are trophic changes 
leading to skin and joint damages, particularly in the shoulder and elbow.

DECISION-MAKING

The observation, that each syrinx is the result of another disorder is a funda-
mental one for the correct management of these patients, that cannot be over-
emphasized. First of all, each patient with a syrinx has to be analysed for the 
presence of an intramedullary tumor or for dysraphic malformations that 
cause a tethered cord. These two pathologies are not featured in this chapter 
[7]. Once these have been ruled out, diagnostic work has to look for areas of 
CSF fl ow obstruction. These can be divided into those at the craniocervical 
junction and those in the remainder of the spinal canal. The commonest un-
derlying diseases are:

Chiari type I malformation1. 
Spinal arachnoid scarring2. 
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1. CHIARI I MALFORMATION

This malformation is characterized by herniation of cerebellar tonsils into the 
spinal canal. This may be related to an undersized posterior cranial fossa that 
forces parts of the cerebellum to grow down into the spinal canal during the 
cerebellum’s main growth period in the fi rst 2 years of life. This leads to a high 
cervical cord compression and CSF fl ow obstruction at the foramen magnum. 
This congenital form may be associated with other bony abnormalities such 
as assimilation of the atlas to the occiput, incompetent craniocervical joints 
causing instability, congenital fusion of cervical vertebrae, or basilar invagina-
tion, to mention the most important ones. Hydrocephalus is a rare feature of 
this malformation. Alternatively, a Chiari I malformation can be acquired due 
to arachnoid scarring at the foramen magnum, which may be related to birth 
trauma, intracranial tumors or lumboperitoneal shunts, again mentioning the 
commonest forms. About 75% of patients with a Chiari I malformation will 
develop a syrinx. An important distinction is the differential diagnosis be-
tween Chiari I and Chiari II malformation. In Chiari II, the foramen magnum 
is grossly enlarged and parts of the entire cerebellum, brainstem, and 4th ven-

Table 2. Treatment strategy for patients with Chiari I malformation
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tricle are displaced into the spinal canal. The area of cord and brain stem com-
pression is not at the foramen magnum but at the upper cervical canal. Almost 
all these patients have a spina bifi da aperta and a congenital hydrocephalus. 
Syringomyelia is not as common in Chiari II malformation as in Chiari I.

In general, surgery should be recommended to symptomatic patients only 
(Table 2). The commonest symptoms in adults are occipital headaches, 
 nystagmus, and signs of upper spinal cord compression such as gait ataxia, 
sensory changes and motor defi cits. The latter affect mainly the upper ex-
tremities. Rarer symptoms may be affections of caudal cranial nerves or sleep 
apnea. In small children, symptoms tend to be more dramatic with respira-
tory problems such as apnoea spells and cyanosis. The diagnostic workup has 
to rule out hydrocephalus and additional bony anomalies as well as demon-
strate the entire extent of a syrinx if present [8].

2. SPINAL ARACHNOID SCARRING

Spinal arachnoid scarring causes alterations of CSF fl ow and may also lead to 
tethering of the spinal cord. Quite commonly, arachnoid scars even develop 
into pouches or cysts compressing the cord. As a general rule, many years go 
by before arachnoid scarring can produce a symptomatic syrinx. In my series, 
a posttraumatic syrinx became symptomatic on average about 10–11 years af-
ter trauma, for instance.  Depending on the spinal segments affected by syrin-
gomyelia, the scarring will be located at the upper or lower pole of the syrinx. 
Arachnoid scars are often diffi cult to demonstrate on standard MRIs unless 
they cause displacement, compression or other signs of alterations of the spi-
nal cord contour. I recommend cardiac gated cine-MRI as the most sensitive 
method of detection. But the interpretation requires some experience and it 
may be misleading or even useless in patients with signifi cant spinal deformi-
ties such as scoliosis. Sometimes signifi cant fl ow signals can be detected in the 
syrinx itself. In such cases, the highest fl ow velocities in the syrinx can be 
 expected adjacent to the arachnoid scarring. Myelography and postmyelo-
graphic computer tomography (CT) are alternative methods to demonstrate 
arachnoid pathologies but have a lower sensitivity. In patients with posttrau-
matic arachnoid scarring and syringomyelia, the diagnostic workup will also 
have to include X-rays and CT for the area of trauma to address kyphotic 
angles, instabilities or a spinal stenosis during surgery if necessary [8].

Depending on its severity and extent arachnoid scarring may produce clin-
ical signs by itself in terms of a progressing myelopathy. Usually these clinical 
signs will be apparent before symptoms related to a syrinx develop. I  distinguish 
compressing and non-compressing types of arachnoid scars or arachnopathies 
according to MRI. With compressing types, I will generally recommend sur-
gery for symptomatic patients. With non-compressing types, I reserve surgery 
for patients with progressive neurological symptoms (Table 3).

Pain and dysesthesias, particularly of burning character, may be major 
problems for patients with syringomyelia. Even though these do get better in 
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some patients after successful surgery, this is certainly not the rule. Therefore, 
I try to make decisions for or against surgery disregarding pain and dysesthe-
sias as criteria. In general, I will recommend surgery for patients with arach-
noid scarring, provided the scarring is limited to about 2–3 spinal segments. 
For patients after meningitis, multiple intradural surgeries or spinal subarach-
noid hemorrhage, for example, surgery cannot provide a normal CSF passage 
anymore [8]. For such cases, programmable the coperitoneal shunts may be 
employed which are placed above the level of CSF obstruction. Pressure set-
tings need to be set as low as possible avoiding signs of overdrainage and low 
intracranial pressure. For patients with a complete cord lesion, cordectomy at 
the level of the lesion is a very effi cient alternative to treat a syrinx.

SURGERY

The golden standard for treatment of syringomyelia is the treatment of the 
disease that caused it:

In patients with intramedullary tumors, the tumor should be removed • 
[7].
In patients with a Chiari I malformation, a decompression of the • 
 foramen magnum is required (Table 2).
In patients with arachnoid scarring related to trauma, subarachnoid • 
hemorrhages, infections or other causes, the arachnoid scar should be 
resected and CSF fl ow established (Table 3).
In patients with spinal stenosis, the spinal canal has to be • 
 decompressed.
In patients with a tethered cord, the tethering has to be  released [7].• 

Table 3. Treatment strategy for patients with spinal arachnoid scarring
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Whenever the underlying cause of syringomyelia can be treated successfully, 
no further measures are required. The syrinx will decrease in size and/or  syrinx 
pressures will decrease, so that no further spinal cord damage will occur [8].

1. CHIARI I MALFORMATION

In patients with a combination of Chiari I malformation and hydrocephalus 
a ventriculoperitoneal shunt should be placed, whenever clinical signs of an 
elevated intracranial pressure are present before a foramen magnum decom-
pression is performed. Without clinical signs of hydrocephalus, I would rec-
ommend to combine an external ventricular drain with the foramen magnum 
decompression, so that the situation can be monitored postoperatively. Most 
of these patients will not require a ventriculoperitoneal shunt after foramen 
magnum decompression. Without hydrocephalus decompression of the 
 foramen magnum is the procedure of choice for patients with a Chiari I mal-
formation (Fig. 1). Patients should be operated in prone position. During 
positioning I recommend monitoring of evoked sensory potentials (SEP) to 
prevent any undue compression of the brainstem. Flexion of the neck in par-
ticular may cause signifi cant compression at the foramen magnum. After a 
midline incision and detachment of the neck muscles from the occipital bone 
and the arches of C1 and – depending on the extent of tonsillar herniation – 
further cervical laminae, a small laminectomy of the exposed arches and a 
craniectomy is performed, which includes the foramen magnum. The width 
of the craniectomy is adjusted to the width of the upper cervical dural sac and 
should not exceed 3 cm. Likewise, the upper extension of the craniectomy is 
tailored to create a cisterna magna and to visualize the Foramen of Magendie. 
Therefore, it is not necessary to expose the transverse sinus and the longitu-
dinal extent of the craniectomy can be limited to about 3 cm as well. The oc-
cipital bone can be quite thickened. In the midline in particular, the crista 
occipitalis interna can be so enlarged that the entire space of the cisterna 
magna is completely taken up by bone.

Once the bone removal is complete, pulsations of the dura are usually not 
observed. A thickened part of the atlantooccipital membrane may constrict 
the dura at the level of the foramen magnum and usually contains a vein. This 
constricting dural band needs to be transsected and should be mobilized off 
the dura to both sides for a few milli meters to facilitate dura closure at the end 
of the procedure.

Surgery is continued under the microscope and the dura is incised in a 
Y-shape. Care should be taken to leave the arachnoid intact during dura 
 opening. Upon opening of the dura venous sinuses may be encountered. A 
suboccipital sinus may persist in the midline in the dura of the posterior fossa. 
An oblique occipital sinus may be located at the foramen magnum encircling 
the spinal cord at this level. Even the entire dura of the posterior fossa may 
contain one big sinus. If present these have to be closed by a running suture. 
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A B

C D

Fig. 1. A This sagittal T2-weighted MRI shows a syrinx from C2 to Th9 in a 45-year old 
man with a Chiari I malformation and a 6-year history of sensory loss in his left arm and 
a slight gait ataxia. B This intraoperative view after dura and arachnoid opening demon-
strates the cerebellar tonsils reaching into the spinal canal. C After bipolar coagulation at 
the tonsillar tips, the Foramen of Magendie is inspected and patent. No further manipula-
tions were required and the dura was closed with a spacious graft. D This postoperative 
MRI after 9 months shows a free CSF passage at the foramen magnum and a decrease of 
the syrinx. Symptoms remained unchanged
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Upon opening the dura one has to watch out for bridging veins from the cer-
vical cord, brainstem, or cerebellum which may enter these sinuses to avoid 
their rupture.

After dura opening the arachnoid should be inspected carefully for evi-
dence of scarring and underlying bridging veins or perforating arteries which 
may be attached to it. Unlike other authors who recommend to leave the 
arachnoid intact, I always incise it to check for an adequate outfl ow from the 
foramen of Magendie. For this purpose, the arachnoid is dissected in the mid-
line. I strongly recommend to avoid blunt dissection of the arachnoid as 
this may injure such vessels and emphasize to use sharp dissection instead. 
The cerebellar tonsils are gently spread apart with two microdissectors. Neu-
ropathological studies have shown that herniated tonsils consist of atrophic, 
ischemic and non-functioning tissue. Therefore, coagulation and shrinkage of 
this tissue during surgery does not carry a risk in terms of postoperative neu-
rological defi cits. Coagulation of the tonsils at their tips and medial surfaces 
may provide a tremendous amount of space for the cisterna magna and easy 
access to the foramen of Magendie. If this is obstructed by arachnoid mem-
branes, the foramen is opened. Once a free outfl ow from the 4th ventricle is 
present, arachnoid adhesions may be transsected towards cerebellopontine 
cisterns or spinal canal. However, dissection always remains close to the mid-
line. Arachnoid dissection should concentrate exclusively on these points. 
Dissection lateral of the brainstem is not advised to avoid injury to perforat-
ing arteries or cranial nerves.

Finally, I recommend to use a spacious artifi cial dura graft to create a large 
cisterna magna. The graft should be inserted with a tight running suture to 
avoid fi stulas or pseudomeningoceles. For the same reason, I emphasize to 
close the soft tissues meticulously. A good closure of the muscular layer in 
particular is the best safeguard against CSF fi stulas [8].

In the literature, the necessity of arachnoid dissection during this procedure 
is discussed with much controversy. To outline all pros and cons is beyond the 
scope of this chapter [14]. I always open the arachnoid to make sure, that CSF 
fl ow is established at the end of the procedure. Not all obstructions can be 
ruled out without opening of the arachnoid according to my experience.

In some instances, arachnoid scarring can be so severe, that a free passage 
of CSF cannot be created without undue risks. A history of meningitis, previ-
ous surgery at the foramen magnum, or birth complications may indicate 
that arachnoiditis at the foramen magnum might be present. Radiologically, 
 hydrocephalus or arachnoid cysts in the posterior fossa are indicators of ex-
tensive arachnoid pathology [6, 8]. For the individual patient, however, it is 
not possible to predict precisely what will be encountered intraoperatively in 
terms of arachnoid pathology.

For patients with basilar invagination and Chiari I Malformation, man-
agement is more complicated. First of all, one has to decide whether a poste-
rior decompression alone – with or without fusion – may be suffi cient or 
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whether a transoral resection of the dens followed by posterior decompres-
sion and fusion is required. Whenever the dens leads to profound kinking or 
compression of the brain stem, I would suggest a transoral decompression. 
This procedure is always followed by a postoperior decompression and 
craniospinal fusion in a second operation a few days later (Fig. 2) [9]. Between 
surgeries I immobilize the patients with a stiff neck collar.

Whenever the anterior element appears to be insignifi cant, a posterior de-
compression may be suffi cient. The question then arises, whether decompres-
sion alone can be performed or additional fusion is required. Obviously, a 
fusion is done in patients with evidence of instability. However, these are ex-
ceptions. Most patients are able to compensate instabilities so well, that they 
are diffi cult to demonstrate on functional studies. Whenever a decompression 
alone is performed, the patient should be informed, that craniospinal instabil-
ity may develop as a result of this surgery later, so that a fusion may be neces-
sary subsequently. In patients with additional signs of bony malformations 
such as assimilation of the atlas to the occiput or congenital fusion of upper 
cervical segments I would recommend to combine the posterior decompres-
sion with fusion straight away, as these patients carry a high risk of postopera-
tive instability after foramen magum decompression in my experience.

Postoperatively, all patients with a Chiari I Malformation are monitored 
on intensive care for at least one day.

Immediate postoperative results are usually characterized by cessation of 
occipital headaches and improvements of gait ataxia and caudal cranial nerve 
defi cits. Sensory changes, dysesthesias, and motor defi cits usually stay as they 

A B C

Fig. 2. A This sagittal T1-weighted MRI demonstrates a combination of basilar invagina-
tion and Chiari I malformation in a 43-year old man with a 3-year history of occipital pain, 
gait ataxia and swallowing problems. Due to the signifi cant anterior compression in this 
patient, a combined surgical approach with transoral resection of the odontoid followed 
by foramen magnum decompression and craniospinal fusion C0 to C4 was chosen. B The 
postoperative lateral X-ray shows the instrumentation with lateral mass fi xation with a good 
sagittal profi le of the cervical spine. C The postoperative MRI after 6 months shows a good 
ventral decompression and a free CSF passage at the foramen magnum. The patient report-
ed improvements of swallowing and occipital pain. The slight gait ataxia has persisted
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were before surgery. About 78% of patients report at least some postopera-
tive improvements. A postoperative decrease of the syrinx was observed for 
82%, with 14% demonstrating no change and the remaining 4% showing an 
increase at some stage after surgery.

For analysis of long term results, clinical recurrence rates were calculated 
according to the Kaplan–Meier method. Overall, recurrence rates of 16% af-
ter 5 and 10 years were observed. This analysis also demonstrates a correla-
tion of recurrence rates with the extent of arachnoid pathology encountered 
during surgery: with no arachnoid pathology at all, the 5 year recurrence rate 
was 14%, with slight arachnoid adhesions without obstruction of the foramen 
of Magendie it rose to 21% and for severe changes with obstruction of the 4th 
ventricle the rate was 39%.

2. SPINAL ARACHNOID SCARRING

The operation is performed in prone position except for cervical cases which 
are operated in the semisitting position (Fig. 3). The head is fi xed in the 
 Mayfi eld clamp in neutral position. Medianus- and tibialis-SEP are employed 
for neurophysiological monitoring. After a midline incision vertebral laminae 
are exposed according to the extent of arachnoid pathology. The fascia is in-
cised on either side of the spinous process and muscles are detached with 
subperiostal dissection. The laminotomy is restricted to a width of 15 mm to 
avoid damage of intervertebral joints. The yellow ligament is resected and the 
dura mater becomes visible. As contamination of the CSF with blood may 
cause infl ammatory reactions of the arachnoid, great care is taken to achieve 
good hemostasis. For this purpose, the entire surgical fi eld is covered by moist 
cottonoids, which keep soft tissues moist and soak up any minor bleeding.

With ultrasound the intradural situation can now be examined: The syrinx 
can be visualized. Pulsations of syrinx fl uid and CSF may become visible. 
Sometimes, arachnoid septations can be seen. Most importantly, the safest 
spot for opening of the dura can be chosen with this technique. Arachnoid 
scarring may cause adherence of the cord to the overlying dura. With ultra-
sound such an area can be avoided for the start of the dura incision. Once the 
outer and inner layer of the dura have been incised in the midline under the 
microscope, the dura is held under gentle tension on either side by retracting 
sutures. The arachnoid should always be left intact during dura opening. In 
this way, any injury to nervous tissue or small vessels can be easily avoided. 
Once the dura has been opened, the arachnoid pathology becomes visible. In 
most instances, areas of arachnoid scarring can easily be depicted as thickened 
arachnoid obscures the view to the underlying cord tissue. If the exposure is 
adequate, the rostral and caudal end of the dura opening should reveal a nor-
mal, translucent arachnoid layer. If this is not the case, the dura opening has to 
be extended. In order to obtain a suffi cient CSF passage, the operation has to 
extend into the unaffected subarachnoid space on either side of the exposure. 



156

J. KLEKAMP

A B

C

D
E

Fig. 3. A This sagittal T2-weighted MRI demonstrates a syrinx between C5 and Th4 in 
a 57-year old man with a 3-months history of painful dysesthesias in his left arm and up-
per trunk. At the lower pole of the syrinx the spinal cord appears pushed anteriorly and 
compressed indicating the area of the arachnopathy. B This intraoperative view shows the 
arachnopathy after dura opening. Above and below the pathology the arachnoid appears 
translucent again indicating an adequate exposure. Starting at the caudal end the arachnop-
athy is resected with micorscissors putting the arachnoid under slight tension. C This view 
shows the upper part of the arachnopathy attached to veins on the posterior cord surface. 
D At the end of intradural dissection, this view shows a free CSF passage across the area of 
surgery. Note the small remnants of thickened arachnoid left on the spinal cord to preserve 
the large posterior veins. The dura is closed with a spacious graft. E The postoperative MRI 
after 10 months shows a perfect result with decompression of the cord at Th4, a free CSF 
passage and a complete resolution of the syrinx. Three months after surgery the dyseste-
sias had vanished and have not recurred since
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Obviously, any surgeon should be familiar with the normal anatomy of the 
spinal subarachnoid space [10]. The posterior subarachnoid space is divided in 
two halves by a posterior longitudinal arachnoid septum. This septum extends 
between the outer arachnoid layer and an intermediate layer on the cord sur-
face. The insertion on the cord surface is related to the midline dorsal vein. 
Further strands of arachnoid may be encountered in the posterior and – to a 
lesser degree – anterior subarachnoid space. Another landmark are the dentate 
ligaments, which originate from the spinal cord pia mater, run between poste-
rior and anterior nerve roots, and insert close to the dural nerve root sleeve.

With a microdissector, arachnoid and dura can be separated from each 
other without any problem in areas without arachnoid scarring, i.e. at either 
end of the exposure. In the area of scarring, sharp dissection with microscis-
sors may be required to achieve this. Starting at the rostral and caudal end of 
the exposure, the arachnoid is then incised in the midline and opened towards 
the area of scarring. Sometimes, just one side of the posterior subarachnoid 
space may be affected by the arachnoid pathology. At that level, the arach-
noid may become densely adherent to the cord surface. With opening of the 
rostral and caudal subarachnoid space, CSF fl ushes into the surgical fi eld and 
often the cord, which was distended by the syrinx, starts to pulsate and the 
syrinx may collapse at this point. The arachnoid scar is now resected further 
layer by layer leaving a last sheath of arachnoid on the cord surface to avoid 
injury to the cord or surface vessels. This last layer resembles the intermediate 
arachnoidal layer mentioned above. At that stage, the intradural dissection is 
completed and need not be extended further.

I again emphasize to use sharp dissection exclusively for this purpose. 
Blunt dissection carries the risk of rupturing small perforating vessels. No 
arachnoid dissection is performed laterally or anteriorly. The risk of injury or 
tearing spinal cord arteries is extremely high if the surgeon does not restrict 
his activities to the posterior aspect of the spinal canal. Depending on the 
extent of scarring laterally and anteriorly, this technique may not only achieve 
a free posterior CSF pathway but also an untethering of the cord – provided 
the scar does not extent too far laterally or anteriorly.

Any surgical intervention aiming at reducing scar tissue carries the risk of 
causing new scar formation which may even turn out to be worse than the 
situation that prompted the surgery in the fi rst place. Considerable ex perience 
is needed to be successful with this surgical technique. The more focussed the 
surgery, the less scarring may result. If unnecessary steps are taken, such as a 
too extensive dura opening, or the surgical fi eld is contaminated with consid-
erable amount of blood, postoperative scarring may counterbalance com-
pletely the effect of surgery. On the other hand, if the dura opening is not 
extensive enough to gain access to the normal subarachnoid space above and 
below the level of scarring, the procedure is insuffi cient. As always, it is the 
right measure that counts and determines whether an operation will be 
 successful or not.
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To limit the risk of postoperative scar formation and tethering an exten-
sive duraplasty is inserted. For this purpose, a number of different materials 
have been used in the past: lyophilized dura, fascia lata, and Gore-Tex. 
 Autologeous material carries a considerable risk of scarring as severe adhe-
sions may form with the cord surface due to vascularization of the fascia by 
pial vessels. For these reasons, I prefer Gore-Tex for the duraplasty. A few 
technical points should be followed to minimize the risk of CSF fi stulas with 
the use of this material. Gore-Tex has a rather stiff texture. In order to avoid 
wrinkling of the duraplasty, the size of the graft should be exactly fi tted to the 
dura opening leaving the retention sutures in place during fi tting and sutur-
ing. In this way, the size of the graft can be adjusted adequately and there is 
no risk to injure the cord during suturing. After a tight running suture has 
been applied, I perform “tenting sutures” to lift the dura graft off the cord 
surface. These sutures are anchored at intervertebral joint capsules or in epi-
dural scar tissue. Finally, the wound is closed layer by layer. Special attention 
is paid to a good, tight closure of the muscle layer to prevent any CSF from 
entering the epifascial space. In patients who have been operated at that level 
before, as in patients with posttraumatic syringomyelia who underwent spi-
nal instrumentation for instance, I place a lumbar drain prophylactically if the 
soft tissue is scarred and sparsely vascularized [8].

Postoperative clinical results are commonly characterized by unchanged 
neurological symptoms. The analysis was performed separately for patients 
with small, circumscribed arachnoid pathology, i.e. focal arachnoid scarring, 
and for patients with extensive arachnoid scarring. With focal scarring, 51% 
experienced some neurological improvements, 41% reported no change and 
9% worsening. With extensive scarring, the corresponding fi gures were 40%, 
40% and 20% for improvement, no change and worsening, respectively. In 
my experience, postoperative improvements are more common for compress-
ing types of arachnopathies rather than for arachnoid scars which just cause 
CSF fl ow obstruction and some tethering. As far as pain is concerned, only 
pain attacks provoked by coughing and sneezing should be expected to im-
prove after surgery. Constant pain or dysesthetic pain of burning type is not 
altered by surgery, even in patients with a postoperative decrease of syrinx 
size. Such a decrease of the syrinx was observed in 49% of patients with focal 
arachnoid scarring and 55% with extensive arachnoid pathologies. Whereas 
the size remained unchanged in 42% of patients with focal scarring and 
 increased in 8%, the corresponding fi gures for extensive arachnoid scarring 
were 21% and 24% for unchanged and increasing sizes, respectively.

Analysing long-term results with the Kaplan–Meier method revealed pro-
found differences between patients with focal and extensive arachnoid scar-
ring: with focal arachnoid scarring, a recurrence rate of 32% for 5 years was 
determined, as compared to 65% with extensive arachnoid scarring.

These results underline why surgery should be reserved for patients with 
progressive clinical symptoms. Even though these results are far from perfect, 



159

SYRINGOMYELIA

they are considerably better than those which can be obtained with syrinx 
shunting, because syrinx shunting never addresses the underlying cause of 
syringomyelia and the clinical symptoms related to it.

HOW TO AVOID COMPLICATIONS

Surgery for Chiari I malformation was followed by complications in 21%. 
The commonest was a CSF fi stula in 6%, which can be avoided by a tight 
running suture of dura and meticulous closure of the muscle layer. If a fi stula 
develops nevertheless, a CT should be performed to rule out a postoperative 
hydrocephalus, which I observed in 3% requiring a ventriculoperitneal shunt. 
Postoperative infections were seen in 4% and hemorrhages in 1%. As a hem-
orrhage may have grave consequences postoperative surveillance on intensive 
care for at least 24 hours is an absolute must. The remaining complications 
were not directly related to the surgery consisting of urinary tract infections, 
pneumonias etc.

After surgery for arachnoid scarring, complications were seen for 16% of 
patients. Fistulas, infections and hemorrhages made up for 3% each with the 
remainder again related to non-surgical problems.

Major postoperative complications may arise from inadequate pre-
operative planning: neglecting craniospinal instability in patients with a Chi-
ari I malformation or ventral compression in patients with additional basilar 
invagination creates severe problems that often lead to a worse long-term 
result as if the whole pathology had been addressed correctly fi rst time. Like-
wise, the management of posttraumatic syringomyelia may have to deal with 
such issues as kyphotic angels, spinal stenosis or inadequate instrumentation 
during the initial management to avoid disappointing results.

CONCLUSIONS

The diagnosis of syringomyelia should be reserved for patients with a space 
occupying intramedullary cyst of progressive character and differentiated 
from such entities as a harmless dilatation of the central canal or myelomala-
cia. Syringomyelia is not a disease in its own right but a manifestation of a 
disorder of the spinal canal or craniocervical junction, that has either  resulted 
in an obstruction of CSF fl ow or spinal cord tethering or is associated with an 
intramedullary tumor. Management of patients with syringomyelia requires 
the correct diagnosis of the underlying disorder and the successful treatment 
of it. As this can be done in the overwhelming majority of patients, no further 
surgical measures for the syrinx are required. Shunting the syrinx in particu-
lar can and should be avoided as the fi rst line of treatment. The long-term 
prognosis depends on the treatability of the underlying disorder.
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INFECTIONS IN SPINE
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D. J. Lrhezzioui is co-author of this chapter.

INTRODUCTION

Evidences of spinal infections have been discovered in the remains of prehis-
toric man from 700 BC [15]. Hippocrates fi rst described the infection of the 
vertebral column. Later on, Galen related this infectious process to spinal 
deformity. Servino and Potts characterized and described the pathology of 
tuberculous infection of the spine. In 1879, Lannelonge described bacterial 
osteomyelitis as we recognize it today. The initial procedure introduced for 
the surgical treatment of spinal infections was laminectomy [17]. While 
Hodgson and Stock performed fusions by the anterior approach, Hibbs and 
Albee independently presented techniques for posterior spinal fusion in the 
treatment of spinal tuberculosis (TB) [17].

Early studies of spinal infections reported an incidence of only one case 
per 10000 hospital admissions [8]. Recent reports clearly demonstrated that 
this incidence is increasing 10- to 15-fold [8]. Spinal TB (Pott disease) is the 
most frequent location of extrapulmonary TB with a frequency of 38 to 53% 
[1]. Spinal parasitic infections are rare. Thus, spinal location of hydatid dis-
ease occurs in about 1% of all cases of hydatidosis; however, it presents 50% 
of skeleton locations of the disease [7].

Spinal infections can be thought of as a wide spectrum of pathologic entities 
comprising intervertebral disk space infection or diskitis, vertebral osteomyeli-
tis (VO), spinal epidural abscess (SEA), spinal subdural empyema or abscess 
(SSA), and intramedullary spinal cord abscess (SCA) (Fig. 1). Many of theses 
may occur in combination, especially diskitis, VO, and SEA. SSA and SCA are 
very rare. Contemporary neuroimaging techniques are very helpful to approach 
spinal infections diagnosis and to make therapeutic strategies with the current 
role of surgery in light of the recent trend toward nonoperative management.

RATIONALE

Spinal infection is a devastating disease with a high rate of patients left with 
neurological defi cits [3], especially with SEA, for which this rate is almost 
90% if motor defi cit is present at the time of diagnosis. Thus, the goal of this 

Keywords: infectious diseases, spine, diskitis, neurosurgery, antibiotics
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chapter is to emphasize the importance of early diagnosis and adequate treat-
ment to reduce mortality and prevent permanent disability. Unfortunately, 
early identifi cation of this infection is diffi cult given its frequency and the 
nonspecifi c nature of symptoms.

Spinal infections are divided into two groups: pyogenic and nonpyogenic 
infections. In the fi rst group the most common pathogens are bacteria like 
Staphylococcus aureus, streptococci, and gram-negative bacilli or myco bacteria 
(Pott disease). In the second group, the agents may be parasites (echinococcus 
and toxoplasma, etc.) or fungi (Aspergillus, Candida, and Coccidoides, etc.). 
The predisposing factors [8, 5, 16] include diabetes mellitus, extraspinal infec-
tious focus especially of the urinary tract, the skin, and the lungs, chronic renal 
failure, alcoholism, malignancy, intravenous drug abuse, long-term steroids 
use, AIDS infection, chemotherapy, and past operative spine procedures.

Organisms arrive in the spine by two different ways, either hematogenous or 
nonhematogenous seeding. By the fi rst way, infection is seeded from a remote 
source (endocarditis, pulmonary abscess or tuberculosis, and urinary infection, 
etc.) either through direct arterial seeding by way of nutrient  arteries derived from 
the posterior spinal, intercostal and lumbar arteries or through retrograde venous 
seeding through Baston’s epidural venous plexus, which shares numerous con-
nections with the pelvic veins in pelvic infections. Sources of nonhaematogenous 
seeding can be surgical procedures, penetrating trauma, or contiguous infection.

DECISION-MAKING

Spinal infection diagnosis is based on association of clinical, biological, and 
radiological data (Fig. 2).

The past medical history is checked for the above mentioned predisposing 
factors.

Clinical data are not specifi c and associate spinal back pain, radicular pain, local 
spine stiffness, fever, and neurologic defi cits in different combinations (Table 1).

Subdural abscess

Vertebral osteomyelitis

Diskitis

Posterior epidural abscess

Anterior epidural abscess

Spinal cord abscess

Fig. 1. Spectrum of spinal infections
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Routine laboratory investigations are generally not specifi c but are some-
way helpful in establishing spinal infection diagnosis. The increased erythro-
cyte sedimentation rate (ESR) is more valuable in monitoring the therapy 

Fig. 2. Decision-making for the choice of therapeutic options for VO and diskitis. Ant appr 
anterior approach, Post appr posterior approach, staph staphylococci, strep streptococci, 
NGB gram-negative bacilli, IV intravenous, 3rd ceph third-generation cephalosporin, vanco 
vancomycin, metro metronidazole

Clinical + biological presentation + MRI 

VO ± diskitis ± SEA 

Neurologic deficit No neurologic deficit with negative 
blood cultures

Surgery

Cervical Thoracic Lumbar

CT-guided
biopsyAnteriorAnt approach Post approach

Isolation of infectious agents
Neurol decline 

pyogenic No organism Non pyogenic 

Non TB : Staph,
strep, NGBTB Parasit Fungi

IV ATB × 4–
8 weeks + 
oral ATB

Wide spectrum
ATB : 3rd ceph+
vanco+metro

Antitubercular drugs
 12 months

Antihelminti Antifungal
×
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effect than in establishing a diagnosis, because of false positive and false 
 negative results. The peripheral white blood cell count is usually normal or 
slightly elevated. Cerebrospinal fl uid analysis often shows evidence of para-
meningeal process with pleocytosis, elevated protein, and normal glucose 
 except in case of associated meningitis. However, lumbar puncture is discour-
aged in patients with VO or SEA especially in thoracolumbar location to 
avoid introduction of bacteria in the subarachnoid space and to prevent pos-
sible neurological deterioration. Blood cultures are usually positive in pa-
tients with spinal infections [11]. Cultures from any other potential source of 
infection should be obtained. Immunodiagnosis has gained importance re-
cently, especially in TB and hydatid disease (PCR and ELISA, etc.).

Radiological features (Table 2) detected by imaging studies of the spine 
represent the cornerstone of diagnosis of spinal infections. Plain radiographs 
should be performed in all patients and are helpful in localizing the level and 
extent of the lesion. Unfortunately, early in the course of spinal infections, 
they may be entirely normal. In VO, new bone formation and fusion occur 
late as the infection resolves and healing takes place. CT provides excellent 
details of bone anatomy and the paravertebral soft tissue but is not particu-
larly sensitive for demonstrating SEA, SSA, and SCA. It is most valuable in 
performing image-guided percutaneous biopsies of the vertebral body, disk, 
and paravertebral tissue to obtain culture material. MRI is the most important 
imaging modality in detecting spinal infections because of direct visualization 
of the spinal cord and paraspinal soft tissues with multiplanar images and 
because of its noninvasive nature. Its sensivity, specifi city, and accuracy are 
respectively 96, 94, and 92% [15].

Considering clinical data, most of the time not specifi c, biological infl am-
matory syndrome, and very suggestive radiological fi ndings, the diagnosis of 

Table 1. Rate of different clinical symptoms revealing spinal infections

Clinical 
symptom

% Cases presenting symptom with:

SSA [14] SCASpinal 
TB (our 
series, 
360 
cases)

Other pyogenic VO 
and diskitis

Spine 
parasitic 
infection, 
hydatid 
disease 
(our 
 series, 
35 cases)

SEA 
[3, 8, 12]

Our 
series 
(23 
cases)

Other 
series 
[6, 8]

Spinal 
back pain

79.7 91 >90 60 85 back pain 
 fever, and 
 neurologic 
defi cits 
highly 
suggestive

only a few 
cases 
 reported 
with back 
pain, 
 fever, and 
 neurologic 
defi cits

Radicular 
pain

34.2 48   33 25 62–90

Stiffness 62 48 >90  2.85 52
Fever  7.2 30.5 48–78  0 32–75
Neurologic 
defi cit

66.4 21   50 91.42 41–71
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spinal infection can be summarized in the following three situations (Fig. 2), 
differing by the presence or absence of an extraspinal focus of infection, of 
neurological defi cit, and of spine instability.

In the fi rst situation, clinical and radiological fi ndings are suggestive of 
spinal infection with already diagnosed extraspinal infectious focus, patient 
has neither neurological defi cit nor spine instability. In this situation, the pa-
tient underwent nonoperative treatment with adapted antibiotherapy or anti-
TB or antiparasitic drugs, in addition to external immobilization using soft or 
rigid lumbar, thoracic, or cervical collar or hallo. In patients with spinal TB, 
the treatment associates a combination of three anti-TB drugs (rifampicin, 
isoniazid, and pyrazinamide) with streptomycin or ethambutol for 2 months 
followed by rifampicin and isoniazid for another 10–13 months (Table 3). 
For patients with other non-TB pyogenic spinal infections, intravenous anti-
biotics are prescribed for 4 to 8 weeks with regard to the responsible bacteria 
if isolated. When cultures remain negative, a combination of third-generation 
cephalosporin, vancomycin, and metronidazol against the most frequent 
 responsible bacteria (staphylococci, streptococci, gram-negative bacilli) is 
recommended. Patients with spinal hydatid disease receive albendazole at a 
dosage of 10 mg/kg/day, usually 400 mg twice a day. Because of albendazole’s 
liver toxicity, it is administered in three 4-week cycles with intervals of 14 
days. The treatment monitoring of liver enzymes is necessary during treat-
ment. It has been proven in our series of hydatid disease that continuous 
treatment achieves better effi cacy with no increased adverse effects.

In the second situation, clinical and radiological fi ndings are suggestive of 
spinal infection but without extraspinal infectious focus, patient has no neu-
rological defi cit or spine instability. CT-guided biopsy is made with patho-
logical and microbiological studies to identify the responsible organism and 

Table 3. Main anti-TB drugs used in spinal TB spondylitis treatment

Drug Dosage Side effects Contraindications

Rifampicin oral 10 mg/kg/day liver toxicity, 
gastrointestinal 
symptoms

jaundice, 
pregnancy

Isoniazid oral 10 mg/kg/day or 
5 mg/kg/day if 
associated to 
rifampicin

peripheral neuritis, 
psychosis, rarely 
convulsions and 
Lupus syndrome

liver diseases, 
maniaco-
depressive 
psychosis

Pyrazinamid oral 20–30 mg/kg/day hepatitis, 
hyperuricemia

liver damage

Streptomycin intramuscular 1 g/day 
(20–25 mg/kg/day)

ototoxicity, renal 
disturbances

pregnancy, renal 
failure

Ethambutol oral 15 mg/kg/day retro-bulbar optic 
neuritis, peripheral 
neuritis

optic neuritis
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antibiogram; the patient undergoes nonoperative management as in the previ-
ous situation

In the third situation, clinical and radiological fi ndings are suggestive of 
spinal infection and patient has already neurological defi cit and/or spine in-
stability. The patient undergoes surgery with pathological study and microbi-
ology, followed by adapted antibiotherapy.

SURGICAL MANAGEMENT

1. TREATMENTS

1.1 Patients with spinal tubercolosis (STB)

In patients with spinal TB, bony involvement usually includes the vertebral 
body and intervertebral disk with kyphosis as complication (Fig. 3), while the 
posterior arc involvement is unusual (12 of 360 cases, 3.33% in our series). So 
the anterior approach is the best technique to restore the integrity of anterior 
column and allows a better exposure of the lesions and their debridement.

Fig. 3. Th9 tuberculous vertebral osteomyelitis with ventral SEA and kyphosis. T2-weighted 
sagittal MRI
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Spinal TB or VO involves at least one disk and two vertebrae in most 
of the cases (Fig. 4). So, in the majority of the cases, anterior decompression 
requires one-level diskectomy with one partial or total vertebrectomy 
(Fig. 5A, B) or three-level vertebral corpectomy and two-level diskectomy 
(Fig. 6A, B). The patient undergoes surgery under general anesthesia with 
endotracheal intubation in supine position for cervical spine and lateral posi-
tion for thoracic segment. The goal is to decompress the spinal cord by re-
moving the affected disk and infected bone and to stabilize the spine with a 
bone graft. Of our 360-patient series, 79% were treated surgically by the 
 anterior approach: transpleural thoracotomies or thoracophrenotomies in 
thoracic or thoracolumbar location, 58 cases (Fig. 7A, B); retroperitoneal 
lombotomies in lumbar location, 55 cases; and anterolateral cervicotomies in 
cervical location, 21 cases (Fig. 6A, B). Twelve patients with posterior arc TB 

Fig. 4. TB involving one disk, L5-S1, and partially two vertebrae, L5 and S1. T2-weighted 
sagittal MRI
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or with extended intraspinal TB mass were treated by laminectomy to de-
compress the spinal cord (Fig. 8A, B). Laminectomy without instrumenta-
tion is also indicated in elderly patients and emergency situations, for neural 

A B

Fig. 5. A Cervical CT scan with sagittal reconstruction. C5 TB vertebral osteomyelitis with 
one-level diskitis C5-C6. B X-ray after surgery (one year). C5-C6 discectomy and partial C5 
and C6 corporectomies with bone graft and external immobilization for 3 months

A B

Fig. 6. A T1-weighted sagittal MRI. Cervical spine TB involving two disks (C4-C5 and C5-C6) 
and three vertebral bodies (C5, C6, and C7). B Postoperative cervical spine X-ray showing 
C5, C6, and C7 partial corporectomy with iliac bone graft and anterior osteosynthesis with 
plate
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A B

Fig. 7. A Thoracic MRI. Spine TB with Th 8 and Th 9 vertebral osteomyelitis and Th 8–
Th 9 diskitis compressing the cord anteriorly. B Postoperative control after anterior approach 
(transpleural thoracotomy) showing Th 8, Th 9 corpectomy and Th 8–Th 9 corporectomies and 
bone graft

A B

Fig. 8. A T2-weighted sagittal MRI. Biconvex cervical epidural hypointense TB abscess. B T1-
weighted sagittal MRI with gadolinium. The same lesion in iso signal without enhancement. The 
patient underwent surgery with C5-T2 laminectomy and excision of the intrarachidian TB mass
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 compression with minimal bone involvement. Laminectomy with posterior 
instrumentation (Fig. 9A, B) could be an alternative to the anterior approach 
if the surgeon is not familiar with the anterior approach in the thoracic spine 
location. In all cases, independently of the surgical choice, the specifi c anti-
biotherapy is administered as described above.

1.2 Patients with spine hydatid disease (SHD)

In patients with SHD, both anterior and posterior arcs are involved, with 
multilevel involvement and large epidural invasion (Fig. 10A, B), so the 
 posterior approach is the best way to ensure adequate radiculomedullary 
 decompression. After laminectomy and removal of epidural multiple cysts, 
the operative fi eld should be irrigated repeatedly with hypertonic saline solu-
tion to avoid dissemination. Stabilization with plates and pedicle screws is 
necessary to avoid instability (Fig. 10C). In some rare cases, bony involve-
ment concerns vertebral body with kyphosis and additional anterior approach 
becomes necessary. Of our 35 patients with SHD, 33 were operated by the 
posterior approach and only 2 patients by additional anterior approach. An 
antiparasitic drug (albendazole) was administered to 21 patients, who were 
diagnosed after 1993, with good outcome (only 3 recurrences, successfully 
treated), whereas in cases treated with surgery alone  (before 1993), recur-
rences were noted in 71% of the cases.

A B

Fig. 9. A T2-weighted sagittal MRI. Thoracolumbar Pott disease (Th12-L1-L2) with spinal 
cord compression due to vertebral body collapse with an important kyphosis (Cobb angle of 
152 ). B Postoperative thoracolumbar X-ray. Th12-L1-L2 lamino-arthrectomy with posterior 
laminectomy and posterior fi xation (osteosynthesis with screws). Note kyphosis improve-
ment (25 )
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Other parasitic diseases like onchocerciasis, toxoplasmosis, and toxocar-
diasis can also be seen in spine. In our experience, in addition to hydatid dis-
ease, we have seen a case of spine schistosomiasis [4] revealed clinically by 
radiculomyelitis with tetraparesis. Schistosoma eggs were found in the urine 
and blood and schistosomiasis serologies of the cerebrospinal fl uid were pos-
itive. The patient was treated with niridazole in three 10-days cycles with 
intervals of 1 month associated to corticosteroids (30 mg/day) for 3 month 
and vitamin B therapy with good recovery.

For isolated SEA without VO, a laminectomy over the involved levels will 
be suffi cient for adequate decompression, followed by antibiotic treatment 
taking into consideration the causative agent. Occasionally, SEA extends over 
many segments. Schulz et al. [13] reported two cases with involvement of the 
entire spine and suggested as surgical approach one- or two-segment laminec-
tomy at the rostral and caudal level of the abscess. A Fogarty nr. 5 catheter 
can then be advanced into the epidural space until the balloon is seen at the 
other laminectomy site. The balloon is infl ated with 1 to 1.5 ml of air and then 
slowly and gently withdrawn until it reaches the insertion site, allowing pu-
rulent material to be “milked” from the epidural space. This procedure is re-
peated until purulent material has been adequately removed.

2. LONG-TERM RESULTS

For spinal TB, the global mortality rate in our 360-patient series was less than 
1%. We notice complete recovery in 60% and partial neurologic impairment 
in 20% of 284 operated patients. Of 75 patients managed conservatively 
(medical treatment with external immobilization), 37 were secondarily oper-
ated because of neurological worsening. If we compare the radiological re-
sults versus surgical approaches we notice better improvement of scoliosis by 
the anterior approach. On the other hand, worsening of kyphosis was de-
tected in patients treated conservatively or surgically by only decompressive 
laminectomy.

Fig. 10. A, B T2-weighted sagittal and axial MRI. Lumbosacral spine hydatid disease. C 
Postoperative X-ray one year after surgery (L3 laminectomy with posterior osteosynthesis); 
albendazole therapy

A
B

C
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For patients with SHD, the outcome is closely related to the number of 
cysts: in case of a unique cyst and removal without rupture (3 cases intra-
dural extramedullary and 1 case with epidural cyst in our series of 35 cases) 
the outcome is good without recurrence. The recurrence rate for SHD with 
bone involvement is signifi cantly higher (71%) in the subgroup treated by 
surgery alone (7 of 10 patients treated before 1993) than in the subgroup un-
dergoing surgery with antihelminthic drugs (22.2%). Indeed, recurrence was 
seen in 3 of 21 patients treated after 1993 who discontinued albendazole on 
their own after hospital discharge.

The mortality rate in patients with SEA is approximately 15% [10], 
which remains unacceptably high. Approximately 45% of patients who 
survive will be left with some degree of neurologic impairment [8]. Sixteen 
percent (meta-analysis of 915 patients with SEA) have signifi cant motor 
defi cit or even complete paralysis, which means an important long-term 
disability [10]. It has been pointed out that patients admitted with severe 
neurologic defi cit and those with rapid or acute clinical decline have a much 
poorer prognosis than do patients without defi cit or with more chronic 
clinical course [2, 8].

HOW TO AVOID COMPLICATIONS

Early diagnosis and treatment are the best way to decrease morbidity and 
mortality.

To prevent graft displacement after anterior approach, we advise to apply 
anterior plates to stabilize the graft. In our experience, infections do not con-
traindicate the use of instrumentation.

To prevent kyphosis, using the anterior approach is preferable. If for the 
reasons already mentioned, the posterior approach is used, an additional sta-
bilization with plates and pedicle screws is mandatory in all cases with spinal 
instability

To make early diagnosis of secondary spinal instability, it is wise to per-
form clinical and radiological control every 3 months during the fi rst year, 
every 6 months during the second year, and every year during the following 
3 years.

To prevent recurrence and secondary neurological deterioration, the treat-
ment should be based on precise infection diagnosis and specifi c drugs tar-
geted to the isolated causative agent should be administered.

CONCLUSIONS

Infections in spine are not unusual. VO and diskitis are the most common 
aspect. Mycobacterium tuberculosis and Staphylococcus aureus are the most 
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frequent pathogens. Despite the support provided by clinical and radiological 
studies, pathological examination and cultures are often necessary to confi rm 
diagnosis. Surgery, combined with adequate specifi c antibiotics, keeps a great 
place in the management of spinal TB and non-TB infections for neural 
 decompression and extended bone lesions with spinal deformity. The ante-
rior approach is the best operative option which allows a better exposure, 
large debridement, spinal reconstruction, and rapid reversal of neurological 
defi cits. Despite all our efforts, spinal TB still has a severe functional progno-
sis. The best way to prevent spinal TB and TB in general is the generalized 
and controlled immunization with improvement of health care and life condi-
tions of the population.

SEA is less common but noisy and acute requiring urgent surgical drain-
age except in rare cases which could be managed conservatively.

Surgical management of SHD combined with antihelminthic medica-
tions is the best way to reduce recurrence rate. Prevention of this disease by 
eradication of the parasite remains the mainstay to avoid such debilitating 
illness.

References

 [1] Ahmadi J, Bajaj A, Destian S, Segall HD, Zee CS (1993) Spinal tuberculosis: 
atypical observations at MR imaging. Radiology 189: 489-493

 [2] Bagley CA, Dudukovich KJ, Wolinsky JP, Gokaslan ZL (2005) Surgical manage-
ment of cervical spinal epidural abscesses. Oper Tech Neurosurg 7: 193-198

 [3] Davis DP, Wold RM, Patel RJ, Tran AJ, Tokhi RN, Chan TC, Vilke GM ( 2004) 
The clinical presentation and impact of diagnostic delays on emergency depart-
ment patients with spinal epidural abscess. J Emerg Med 26: 285-291

 [4] El Amrani A (1988) Localisation radiculo-médullaire de la Bilharziose. A propos 
d’un cas. Thèse doctorat en médecine no 70, Faculté Medecine et Pharmacie de 
Rabat, Rabat, Morocco

 [5] Lee MC, Mislow J, Fessler RG (2006) Primary reconstruction for spinal infections. 
In: Schmidek HH, Roberts DW (eds) Schmidek and Sweet’s operative neurosurgi-
cal techniques: indications, methods, and results, vol. 2, 5th edn. Elsevier Saunders,  
Philadelphia, pp 1703-1714

 [6] McHenry M, Easley K, Locker G (2002) Vertebral osteomyelitis: long-term 
 outcome for 253 patients from 7 Cleveland-area hospitals. Clin Infect Dis 34: 
1342-1350

 [7] McManus DP, Zhang W, Li J, Bartley PB (2003) Echinococcosis. Lancet 362: 
1295-1304

 [8] Osenbach RK, Little K (2006) Spinal infections: vertebral osteomyelitis and 
spinal epidural abscess. In: Schmidek HH, Roberts DW (eds) Schmidek and 



178

A. EL KHAMLICHI

Sweet’s operative neurosurgical techniques: indications, methods, and results, 
vol. 2, 5th edn. Elsevier Saunders, pp 1687-1701

 [9] Payer M, Walser H (2008) Evacuation of a 14-vertebral-level cervico-thoracic epi-
dural abscess and review of surgical options for extensive spinal epidural abscesses. 
J Clin Neurosci 15: 483-486

[10] Reihaus E, Waldbaur H, Seeling W (2000) Spinal epidural abscess: a meta-analysis 
of 915 patients. Neurosurg Rev 232: 175-204

[11] Rezai A, Woo H, Errico T, Cooper T (1999) Contemporary management of spinal 
osteomyelitis. Neurosurgery 44: 1018-1025

[12] Rigamonti D, Liem L, Sampath P, Knoller N, Namaguchi Y, Schreibman DL, 
Sloan MA, Wolf A, Zeidman S (1999) Spinal epidural abscess: contemporary trends 
in etiology, evaluation, and management. Surg Neurol 52: 189-197

[13] Schulz C, Comey C, Haid R (2001) Pyogenic spinal epidural abscess: a mini-
mally invasive technique for multisegmental decompression. J Spinal Disord 14: 
546-549

[14] Sorar M, Er U, Seçkin H, Ozturk MH, Bavbek M (2008) Spinal subdural abscess: 
a rare cause of low back pain. J Clin Neurosci 15: 292-294

[15] Tali ET (2004) Spinal infections. Eur J Radiol 50: 120-133

[16] Vajramani GV, Nagmoti MB, Patil CS (2005) Neurobrucellosis presenting as an 
intra-medullary spinal cord abscess. Ann Clin Microbiol Antimicrob 4: 14

[17] Vinas FC, Rhodes JR (2003) Spinal infections. eMedicine from WebMD, eMedcine 
Specialities, Orthopedic Surgery, Spine, http://www.emedicine.com/orthoped/
TOPIC558.HTM



179

INFECTIONS IN SPINE

Abdeslam El Khamlichi

Abdeslam El Khamlichi is professor and head of the Department of Neurosurgery at the 
Hôpital des Spécialités at the University Hospital Center of Rabat. He is the director of 
the Rabat Reference Center for Training of Young African Neurosurgeons of the World 
Federation of Neurosurgical Societies and coordinator of WFNS Committee Activities. 
His fi elds of interest are sellar region tumors, vascular surgery, central nervous system 
infections, intracranial meningiomas, and neurosurgery in developing countries.

Contact: Abdeslam El Khamlichi, Department of Neurosurgery, Mohamed V 
University, Hôpital des spécialités, Rabat, Morocco 
E-mail: fh2nch@menara.ma



FUNCTIONAL NEUROSURGERY



STEREOTACTIC TECHNIQUES
D. A. BOSCH

INTRODUCTION

Stereotaxis means a spatial (i.e. three-dimensional) arrangement, that is: local-
izing any point in space by the application of mathematical principles.

   Stereotactic neurosurgery started in 1908, when Horsley and Clarke 
published work on a new method of brain research using a Cartesian tri-
coordinate system [2]. Horsley investigated the functions of tracts and nu-
clei positioned deep in the brain of animals, by making electrolytic lesions 
with targeted electrodes, but he was aware of the need to place such lesions 
deep inside the brain very precisely. This brought Clarke to the idea to use 
the cranium as a platform for localizing and also calculating the positions 
of intracranial targets with the use of a mechanical instrument that should 
be fi rmly fi xed to the skull. This so-called stereotactic instrument consisted 
of a frame of brass which by its construction represents the three  orthogonal 
planes needed for accurate localization and  calculation of the target. With 
this coordinate system any point  of interest inside the brain could be de-
fi ned by its coordinates x, y and z (Fig. 1).

The fi rst stereotactic instrument was a cubic frame which had to be ap-
plied to the head of the animal by means of rods attached to plugs inserted 
into the external auditory meatuses and adjustable bars resting on the nose 
and orbital margins. It was fi xed to the skull by pins which were screwed in 
laterally. The electrode was supported by another bar that could be moved in 
three planes at right angles to each other: the horizontal, coronal and sagittal 
planes. Based on this instrument stereotactic maps (so-called atlases) of hori-
zontal, coronal and sagittal sections of the brain of cat and monkey were 
published. Between 1908 and 1947 this new technique was only applied in 
experimental brain research.

Clarke already realized that there is no constant relationship between 
the skull and the intracerebral structures and that the only way to fi nd out 
where to place a needle tip in a given brain target was to construct a map 
on which every target could be related to an intrace rebral tricoordinate 
system.

In 1947 Spiegel et al. [6] reported the fi rst human stereotactic operation 
with the use of their own instrument, especially constructed for use in 
humans.

Keywords: stereotaxis, frames, techniques
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RATIONALE

1. THEORETICAL CONSIDERATIONS

For the internal reference system, according to Spiegel and Wycis the most 
reliable structure for the geometrical localization of intracerebral targets is 
the third ventricle. Later on, their reference to the contours of the third 
ventricle has proven to be very reliable indeed.

In particular, the line interconnecting the anterior and posterior commis-
sure (the AC–PC line) has become the standard line for the introduction of 
the intracerebral reference system. A three-dimensional Cartesian coordinate 
system, consisting of the AC–PC plane as the horizontal plane with the coro-
nal and sagittal planes running through the midpoint of the AC–PC line, 
forms the internal reference system (Fig. 2). This reference system is the basis 
for the stereotactic brain atlas by Schaltenbrand and Wahren [5]. Because of 

Fig. 1. Cartesian tricoordinate system for spatial orientation. The origo is the zero-point. 
P is given by: x = a mm lateral to zero (to the left), y = b mm anterior to zero, z = c mm superior 
to zero. XY-plane is horizontal or axial plane, XZ-plane is frontal or coronal plane, YZ-plane 
is sagittal plane
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the fact, that the distance AC–PC is in all human brains approximately 
25 mm ± 3 mm, a very precise calculation can be made of the position of any 
target, giving its relation to the midpoint of this standard line.

The stereotactic brain atlas gives photographs of microscopical sections 
of the normal human brain in three orthogonal planes: the horizontal, coro-
nal and sagittal planes running through the midpoint of the AC–PC line. 
Overlying the magnifi ed photographs of the sections are transparent grids of 
10 mm2, which indicate exactly the position of the midpoint of the AC–PC 
line in relation to any plate.

The functional stereotactic surgeon can therefore easily look up in the at-
las what the coordinates are of any target of interest in relation to this central 
point (x, y, z).

The coronal plane is giving the lateral coordinate x, the horizontal plane 
the y and the sagittal plane the z.

A

B

superior

right

anterior posterior

left

inferior

Fig. 2. Intracerebral reference points according to Schaltenbrand and Wahren: AC and PC 
with a perpendicular erected in the midpoint of the intercommissural line. Middle point is 
zero point of system of axes. A anteroposterior view, B lateral view
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Targets of interest in functional stereotactics have been called “invisible 
targets” because they were only visible with the help of a stereotactic brain 
atlas [1]. With present-day MRI scanning techniques, however, these targets 
sometimes may be visible in the individual patient. Originally, the term “vis-
ible targets” has been coined for pathological lesions, which are visible by 
themselves when using scanning techniques or cerebral angiography (such as 
tumors or vascular pathology).

It should be stressed, however, that distinguishing between visible and 
invisible targets is very useful for a good understanding of the stereotactic 
principles. With visible targets the surgeon only needs the stereotactic refer-
ence system incorporated in the stereotactic headframe (external reference 
system), whereas the functional surgeon with invisible targets needs both the 
internal and the external reference systems: with the internal reference system 
the invisible target is defi ned in relation to the central midcommissural point 
and can be made visible in the stereotactic MRI data set of the individual pa-
tient by feeding the stereotactic software with the three coordinates x, y and 
z. In a way, this manoeuvre makes the target visible in the three appropriate 
planes. The next step is the defi nition of the position of the target in the ste-
reotactic space as is given by the frame and its external reference system.

Nowadays this is automatically retrieved from the software that is com-
patible with the stereotactic frame. In the old days, with stereotactic X-ray 
pictures in lateral and antero-posterior direction, visualization of the third 
ventricle was done with ventriculography, the AC–PC line was drawn on the 
lateral picture and the coordinates derived from the brain atlas were marked 
on both pictures in relation to the individual patient’s midcommissural point. 
The positions indicated on both the lateral and antero-posterior X-ray pic-
tures then could be used as visible targets for the fi nal step: the calculation of 
the instrument coordinates x, y and z with the external reference system of 
the frame.

2. VISUALIZATION TECHNIQUES

From the theoretical considerations follows that all invisible targets are de-
fi ned in space by their coordinates in relation to the midpoint of the AC–PC 
line, which is the center point of the grids overlying the brain sections in the 
stereotactic atlas.

Visualization of the target is thus based upon the visualization of the third 
ventricle and with it of the AC–PC line [3].

Originally this has been realized with pneumo-encephalography/ven-
triculography and stereotactic X-ray pictures perpendicular to the frame in 
lateral and frontal projections, which give the AC–PC line and the midcom-
missural point (Fig. 3). These pictures originally were made by teleradiogra-
phy (>6 m), which gives no magnifi cation of the third ventricle. Later on, 
X-rays were taken with a shorter, but standardized distance giving a standard 
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magnifi cation for which a correction is needed to obtain true distances and 
positions of target points.

With MRI (and also spiral CT) scanning techniques under stereotactic 
conditions a midsagittal plane is produced that clearly  visualizes the AC and 
PC and thus the distance between them and the midcommissural point. 
Originally, CT scanning could only produce axial pictures, which often do 
not run through the AC–PC plane and therefore were not usable for transfer 
of atlas-based coordinates which are derived essentially from the horizontal 
AC–PC plane.Therefore, up to ten years ago, the gold standard for visualiza-
tion of the AC–PC line has been stereotactic X-rays with ventriculography. 
However, in the last decade, MRI scanning in combination with an instru-
ment-based dedicated software program for stereotactic imaging of the three 
Cartesian planes has become available. This enables the stereotactic surgeon 
to load the stereotactic MRI images of the patient in the computer program, 
which then automatically reformats the pictures in alignment with the true 
AC–PC plane, and thus the other two planes as well. The surgeon only has to 
point out the AC and PC in the midsagittal picture and the program thereaf-
ter gives the position of the midcommissural point plus the three orthogonal 
planes through this central point.

As a second step in the procedure, the three coordinates of the target point 
are fed into the program, which then automatically visualizes the target point 
in the three appropriate planes with the position  coordinates x, y and z. Fi-
nally, the surgeon may check the indicated position with the real images of 
the target area, which allows some fi ne-tuning of the atlas-based coordinates 
with the patient’s anatomy.

Fig. 3. Stereotactic ventriculography with positive contrast. Stereotactic instrument of Lek-
sell. Lateral view with AC and PC indicated
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After the fi nal decision regarding its position, the last step is to ask for the 
external (instrument-based) coordinates of the target point (Fig. 4). The pa-
tient is then transferred to the operating suite for surgery.

3. STEREOTACTIC TECHNIQUE VERSUS NEURONAVIGATION

The main difference between surgery using the stereotactic approach and sur-
gery with neuronavigation is that with neuronavigation there is no need for 
the use of a stereotactic headframe. With neuronavigation about fi ve fi ducials 
are fi xed to the scalp, after which a special MRI program is carried out that 
visualizes the brain including the scalp fi ducials. These pictures are fed into a 
dedicated software program and transferred to the neuronavigation computer 
in the operating room.

The patient is prepared for surgery with the scalp fi xed in a Mayfi eld 
clamp, whereafter the fi ducials are used as indicators for defi ning the position 
of the brain in the surgical space with the help of an infrared camera system 
linked to the OR computer. The position of the operating microscope and/or 

Fig. 4. Surgiplan (Elekta Instrument) software, showing stereotactic MRI data in three or-
thogonal planes after alignment of the AC–PC plane in the horizontal position. The coordi-
nates x, y and z of any point can be shown in the display on the screen. In this fi gure the 
coordinates of AC and PC are given
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surgical instruments is then known and both the track towards the target area 
and the target itself may be seen on the MRI display. For further details the 
reader is referred to the chapter on brain navigation.

However, functional neurosurgery has to do with the very precise calcula-
tion of the point of interest in space. Frequently used target points are the 
subthalamic nucleus, the ventrolateral nucleus of the thalamus, the internal 
pallidum and the nucleus accumbens. All these targets need a surgical 
precision of 1–2 mm, which is only reached with frame-based stereotactic 
techniques.

Although there is a trend to rely on neuronavigation also in functional 
procedures, this is only acceptable in the surgical handling of target areas, 
such as the motor cortex for stimulation, but not for target points in the opin-
ion of the author.

Especially with the introduction of deep brain electrodes in the awake 
patient, often bilaterally, frame-based surgery is much more convenient, 
because no continuous navigational control of the position in space is 
needed.

DECISION-MAKING

1. INDICATIONS

Absolute indications regarding the disease are interventions which can only 
be carried out by stereotactic frame-based techniques. This holds for all pro-
cedures in which the placement of a stereotactic coagulation or a stimulating 
deep brain electrode is considered.

Absolute indications regarding the patient are frame-based interventions 
which form the only possible treatment left. Examples are bilateral deep brain 
stimulation of the pallidum internum in patients with torticollis in whom 
other treatments have failed and deep brain stimulation in patients with 
obsessive-compulsive disorders who do not respond enough to behavioural 
and medical therapies.

Relative indications are interventions that can also be performed without 
a frame: neuronavigation for brain tumor biopsies or conventional microsur-
gery for colloid cysts of the third ventricle.

Generally established indications for frame-based stereotactic procedures 
can be subdivided in functional and diagnostic interventions.

Functional interventions [4] are made form movement disorders such as 
essential tremor, cerebellar tremor, (hemi-)dystonia, torticollis spasmodica 
and Parkinson’s disease; pain syndromes due to lesions in the central nervous 
system; otherwise intractable epilepsy; psychiatric diseases such as obsessive-
compulsive disorders or  severe depression.

For further information the reader is referred to the appropriate chapters.
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Diagnostic interventions [1] are made especially for deep seated lesions, 
multiple lesions and lesions which are probably not due to tumor, which 
may be handled easier and more safe with frame-based biopsies as compared 
with neuronavigation. Easier because local anesthesia may be applied, and 
more safe due to the use of the frame as a rigid platform for introducing bio-
psy instruments. Also intra-operative tissue diagnosis may be awaited with 
the forceps at the target site, as another biopsy may be needed.

2. CONTRAINDICATIONS

Frame-based stereotactic surgery is not possible in the very young patient 
and in others with fragile skull bones. The headframe needs at least three 
fi xation points for the application of the pins that are screwed into the bone. 
Moreover, skull defects may prohibit placement of the frame in the appropri-
ate position.

Thoracic dorsal kyphosis may be severe enough to make it impossible to 
have a stereotactic CT or MRI scan, because the frame should be locked in the 
head coil or frameholder to obtain accurate stereotactic scan data.

In general, however, the only contraindications are disturbed blood clotting 
or pathological vascularity of the target area. To rule out these possibilities, pre-
operative tests and MRI with contrast are needed. In the old days, cerebral 
angiography was performed to rule out vascular pathology of the target area.

In diagnostic procedures there is a relative contraindication to perform a 
tissue biopsy near the arachnoid space because the biopsy instrument may 
hook itself into this layer and tear apart small vessels, which leads to bleeding 
with considerable morbidity and sometimes even peroperative death. This 
hooking may be felt by the surgeon, however, and in such a situation he 
should refrain from taking a biopsy.

This is the reason that tissue samples should not be taken superfi cially or 
near the cerebral sulci. Open surgery is mandatory in such a situation, as for 
example in taking a cortical biopsy for neuropathological investigation in the 
search for a diagnosis in neurological diseases.

Overall mortality in frame-based stereotactic surgery is less than 1% in 
both functional and diagnostic procedures and is – according to most authors 
[1] – caused by bleeding at the target site.

SURGERY

Anesthesia is almost always local for application of the pins of the headframe 
and for performing burr holes for the introduction of stereotactic electrodes 
or needles.

In particular with functional procedures for movement disorders, an es-
sential part of the intervention is the test-phase, in which the patient is tested 
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for positive and negative effects of the stimulation applied. With Parkinson’s 
disease positive effects are a decrease in rigidity, tremor or dysdiadochoki-
nesis with more fl uent moving of extremities, whereas negative (side-)effects 
are speech disturbances or motor weakness. Careful examination on how the 
patient performs during stimulation with various stimulation settings and at 
different electrode positions is mandatory to obtain good surgical results.

Sometimes general anesthesia is needed with a “wake-up phase” during 
the period of test stimulation, as for example in general dystonia. With stereo-
tactic biopsies also general anesthesia may be applied.

The patient is prepared for surgery as is usual with minimally  invasive 
procedures.

Before surgery the patient is started on antibiotics in case of placement 
of permanent electrodes. When the electrodes are to be externalized for 
some days of postoperative testing, the antibiotics should not be stopped 
until 12 h after the fi nal surgery with internalization/connection to the 
stimulator. Thrombosis prophylaxis is administered as with other surgical 
procedures.

After fi xation of the stereotactic frame the patient is sent for MRI 
scanning. The scan data are transferred to the dedicated computer for deter-
mination of the AC–PC line and alignment of the axial AC–PC plane in a 
horizontal position for the accurate visualization of the three orthogonal 
planes. The coordinates of the target point as known from the stereotactic 
atlas are fed into the software, after which the screen shows the target in the 
three planes and gives the true frame coordinates.

Multiple target points may be calculated this way; often bilateral targets are 
needed for implantation of electrodes at both sides. Then the patient is brought 
to the operating room, placed on the table with the frame fi xed in the frame-
holder and prepared for the operation. The hair is shaved only in the surgical 
fi eld, which is cleaned aseptically, after which local anesthesia is applied at the 
site(s) of the burr hole(s). The area is draped and the sidebars and arc of the 
instrument are fi xed to the frame in the positions that are given by the frame 
coordinates x, y and z.

Burr holes are made, the dura is opened and after coagulation of the entry 
point in the cortex the stereotactic electrode or needle is placed in the arc’s 
aiming device and slowly introduced into the brain. At different depths along 
the path the surgeon may want to explore the  tissue surrounding the tip. In 
functional surgery often micro-recording with multiple parallel electrodes is 
carried out to get information about target-specifi c fi ring patterns of neurons. 
Test stimulation is done to look for positive and negative effects on clinical 
symptoms. Finally the electrode is left in place at the best position found and 
is anchored to the edge of the burr hole. It is crucial to check the fi nal position 
and depth with X-rays before closing the wound. See appropriate chapters 
for further reading on deep brain stimulation. In general, it is recommended 
to make a stereotactic CT scan before removing the frame, for fusion with the 
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preoperative MRI and checking of the fi nal position of the electrode with the 
calculated target point.

In diagnostic procedures the surgeon may take biopsies at different depths 
through the mass lesion and await histological proof before closing the 
wound.

HOW TO AVOID COMPLICATIONS

Surgery with stereotactic techniques is relatively safe because the gadget 
which is introduced into the brain has a blunt tip and is not carried free-hand. 
With the frame as platform the introduction is mechanically and through a 
rigid aiming device. This minimizes the risk for tissue damage and bleeding at 
the target site.

From the literature one can estimate the risk for bleeding at the spot as 
being 1% for functional and 2% for diagnostic interventions. However, it is 
clear that deep inside the brain surgically induced bleeding has serious effects 
with considerable morbidity or even mortality as result. To avoid a bleeding, 
one should introduce the gadget very gently, not by pushing but by slowly 
twisting it into the brain. Only with biopsies and very seldom a resistance is 
felt, and, if so, it is better to change the coordinates of the target point for 
some millimeters and to introduce the needle again. With stereotactic biopsies 
the more dangerous brain areas comprise the major vessel trajectories such 
as the sylvian fi ssure, the epithalamic roof with deep cerebral veins, the para-
sellar and uncal areas and the superfi cial brainstem.

If by accident a bleeding occurs at the target site, it is extremely important 
to keep the biopsy instrument at the spot, to note the depth by reading it off 
on the scale of the instrument carrier and to wait some minutes whilst remov-
ing and replacing the inner needle through the outer shaft. This allows for 
spontaneous drainage and may lead to spontaneous clotting in the case of 
venous bleeding. With arterial bleeding (only happening with pathological 
vascularity) there was no good indication for performing a biopsy and an 
emergency craniotomy should follow to stop it.

Local infections may be seen in up to 2% of procedures in which the per-
manent placement of electrodes, extension wires and stimulators is done, es-
pecially, when some days of clinical testing are needed with the use of tempo-
rarily externalized leads. CSF leakage may be avoided by sealing off the open 
dura in the burr holes with tissucol.

CONCLUSIONS

With functional neurosurgical procedures the use of a stereotactic frame and 
the appropriate instrumentation is strongly recommended. Nowadays each 
type of instrument available comes with dedicated hardware and software. 
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After MRI scanning under stereotactic conditions a target of interest is de-
fi ned by its three coordinates and during actual surgery there is no need any 
longer for navigation, positioning in a head clamp or general anesthesia.
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SELECTIVE THALAMOTOMY
C. OHYE

INTRODUCTION

Looking back the development of the stereotactic functional neurosurgery, 
there were several important landmarks together with the progress of neu-
roscience of that time. In the very beginning of the stereotactic surgery for 
Parkinson’s disease pallidotomy was fi rst tried by Narabayashi in 1952 and 
by Spiegel and Wycis. The early pallidotomy was different from present time 
pallidotomy in which more postero ventral part of internal segment of globus 
palladius (GPi) is focused. Then in the late 1950th, a German group proposed 
thalamotomy because pallidotomy was not effective for tremor although 
 rigidity was well ameliorated. By a relatively large thalamic lesion, parkinon-
ian tremor and rigidity were improved and ventrolateral (VL) thalamotomy 
was widely accepted in the world as the main route for the surgical treatment 
of Parkinson’s disease.

Since early 1970 up to date, we have operated about 150 cases (Table 1) by 
microrecording aided selective thalamotomy for movement disorders main-
ly of Parkinson’s disease, although deep brain stimulation (DBS) developed 
quickly, The different aspects of our selective thalamotomy were already pre-
sented in several other occasions [7, 12, 15, 16].

Anyway, to achieve the best clinical effect, understanding of the human 
brain is inevitable, especially of the stereotactic target area and its neural net-
work, in other words, its structure and function. Without such knowledge 
and use of modern technique, further progress cannot be achieved.

So, in this paper, its essential and more practical procedures will be 
 described.

RATIONALE

Stereotactic functional neurosurgery nowadays is performed by DBS by 
 implanted electrodes [2]. This is certainly an effective way to treat several symp-
toms of Parkinson’s disease and that is why it is widely used as an “a la mode”. 
But certainly it is not almighty, several hazardous accidents may happen.

As mentioned above, surgical treatment of Parkinson’s disease initiated 
some 60 years ago by pallidotomy and then shifted to thalamotomy. Up to 

Keywords: thalamotomy, microrecordings, thalamic Vim neurons, tremor 
stereotaxy, kinesthetic response, functional neurosurgery
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Table 1. Patient list

Diagnosis Number

Parkinson’s disease   78
Juvenile Parkinson’s disease    7
Essential Tremor   29
Others    21
Central Pain    3

 138
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Fig. 1. Simplifi ed schema showing the tremor mediating circuit with its accessory loops 
From up to down cerebral cortex, basal ganglia, thalamus, part of brain stem, pons and 
spinal cord are drawn with the main route of tremor and several accessory loops. Main 
log loop consisted of from trembling muscle, crossing at spinal cord taking spinothalamic 
route, coming up to thalamic Vim nucleus (in this map VI), to cortical 3a, and together 
with area 4 elements, cross again to pontine reticular Formation, descending path of retic-
ulothalamic tract, fi nally back to the original muscle. Accessory loops are: 1 spinal refl ex 
arch, 2 cerebello-thalamo-cortico cerebellar loop, 3 cortico thalamo cortical loop, 4 thalamic 
reticular nucleus-thalamic loop, 5 cortico-basal ganglia-thalamo-cortical loop. Three oblique 
arrows are directed to the actual target of stereotactic surgery
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present time probably more than million cases with Parkinson’s disease were 
treated surgically, in early times by thalamotomy and recently DBS to the 
thal amus, pallidum and subthalamic nucleus. By careful analytical observa-
tion of this tendency, it is certain that there is still place to practice thalamic 
surgery with refi ned techniques of microrecording [1] and at the same time 
advanced understanding of the thalamus in the light of modern neuroscience 
[5, 10, 13, 14, 17].

In this sense, we are continuing to do thalamotomy always refl ecting up 
on the neuronal mechanism of Parkinson’s symptoms such as tremor, rigidity 
and akinesia, etc. So as for the tremor and rigidity we can treat them suc-
cessfully, although complete understanding is still not clear. On the other 
hand, we have studied on experimental tremor in monkeys, which led us to 
conclude a hypothetical long loop neuronal circuit, passing through Vim nu-
cleus [20]. Therefore, clinical and experimental studies together support our 
hypothesis of tremor maintaining system, as shown in Fig. 1.

Mechanism of rigidity is not yet clear but it is refl ected to pallido (GP)-
thalamic(Vo) circuit, and we can treat either by pallidotomy or Vo thalamotomy.

DECISION-MAKING

1. DIAGNOSTIC CRITERIA

For the defi nition of tremor, we follow that of French neurology claiming 
that “rhythmic oscillation around one joint, in one plane”. Clinically there 
are several classifi cations of the tremor [4] but in relation to the condition of 
involved muscles, resting, postural, intentional are simple and reasonable con-
cept (physiological tremor is not indicated). All of these tremors are treated by 
stereotactic surgery, whatever the cause of tremor; Parkinsonian, post cerebral 
vascular disorders, post traumatic, etc. On clinical observation of the patients 
with tremor, it is often the case that other involuntary movements such as 
dyskinasia, dystonia, chorea, ballism, etc. are combined or mixed. But in our 
sense, if the element of the tremor is found in it, the stereotactic treatment is 
possible if not complete arrest is achieved. In such case, by the thalamic sur-
gery, Vim plus Vo thalamotomy would be considered as described below.

2. INDICATIONS

In this paper, treatment of the patient with Parkinson’s disease is described. But 
the idea and technique will be applied further to other patients with movement 
disorders. For Parkinson’s disease (PD), the standard indication is as follows:

Tremor and/or rigidity.1. 
 Therefore, gait disturbance and disturbance of equilibrium are not 
well treated.
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Up to 70–75 years old.2. 
 The limit is not absolute, depending on the patient’s general condi-
tion. In our experience, the maximum age was 83 years old.
Unilateral symptoms are preferable.3. 
 Thalamic coagulation is generally thought to be performed only in 
one side at one time, mainly because the bilateral invasion may result 
in speech disturbance. This could be true if microrecording technique 
is not used. This point will be described in the following section.
Drug incompatibility.4. 
 If the patient cannot accept enough anti-Parkinsonian drugs, surgical 
therapy is considered.
No major complications such as hypertension, thalamic dorsomedial 5. 
nucleus, and a psychiatric problem or damage.

Maybe, as a direct extension of this indication, the patients with other 
kinds of tremors, essential tremor, post traumatic tremor, post stroke tremor, 
could be treated as well.

So called dyskinesia, dystonia and cerebral palsy are also indicated in some 
cases. For these cases, clinical examination aided by neurological examina-
tion, EMG, video, MRI and etc. are useful. Even if the complete amelioration 
is not expected, some positive and better condition is offered for the disabled 
patients.

3. HOSPITALIZATION

In our clinic, the patient is hospitalized for two weeks, will come to the hos-
pital on Monday, have a general physical examination (blood analysis, cranio 
and chest – XP, EEG, EMG, CT) during two days, the third day (Wednesday) 
for operation.

Preoperative estimation of the patient’s clinical state and morphological 
examination of the thalamic confi guration (for thalamotomy) are very impor-
tant to make preoperative planning of the thalamic surgery.

Patient’s clinical state is obtained from neurological examination, what kind 
of abnormal movement (tremor, rigidity, dyskinesia, and etc.) exists, where it is 
manifested (upper limb, lower limb, body trunk, head and neck) are precisely 
observed. Quantitative estimation by EMG, UPDRS are convenient ways to 
compare quantitatively the pre and post operative states. To know exactly where 
the abnormal movement is manifested most severely it is very important to make 
fi nal and effective operative lesion, considering how large and where in the tha-
lamus should be invaded are approximately estimated before the operation.

On CT image taken on the day before operation, careful observation is 
inevitable to estimate general state of the patient’s brain as a whole (atrophy, 
general confi guration abnormal shadow, if any). Especially, in and around the 
thalamus, we should pay special attention to infarction and vascular anomaly.
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In the evening of the second day, all results of the examination are shown 
to the patient and his or her family to get full agreement for operation.

The patient is observed after the operation until the end of the next week.
During this period, post operative examinations are made to estimate the 

results of operation (post operative CT, MRI, EEG and EMG, etc.). After 
about two weeks’ hospitalization, the patient is discharged if remarkable ab-
normal fi nding is not found.

Usually, the patient was referred to our clinic from distant area, so the pa-
tient returned home and continued consultation of his home neurologist. No 
regular follow up examination is obligated, so that the patient comes again to 
our clinic rather irregularly for post operative examination.

The patient will discharge around the end of the next week, if nothing par-
ticular. That means hospitalization is for 12 days. Therefore, the visit for fol-
low up study may be at random. We send a letter informing of the operation 
and its results and necessary advice for the follow up care. If the patient needs 
another operation for symptom of the contra lateral surgery, 6–24 months 
interval is recommended.

SURGERY

1. OPERATIVE TECHNIQUE

1.1 Preparation

In the morning of the operation, Leksell’s stereotactic frame is fi xed on the 
skull of the patient, under local anesthesia (Xylocaine 100 mg/10 ml).

By four fi xation pins, the frame is solidly fi xed. At this moment, care is 
taken to the angle of the frame in relation to the patient’s chin, to avoid com-
pression of the respiratory tract when later fi xed by the head rest of MR 
machine and of operation table. In this sense, it is not necessary to fi x the 
frame parallel to the internal capsule (IC) line, alignement is guaranteed by 
using Leksell’s surgiplan. Certainly, oblique fi xation to the mid sagittal plane 
is avoided also severe left-right rotation is not accepted.

1.2 MRI, CT

With the fi xed frame, MRI and CT are taken and sent to the supporting 
 system of surgiplan. For MRI, heavy T2 and proton image are recommended 
(Fig. 2). The former is used for anterior commissure (AC), posterior commis-
sure (PC) decision and hence IC-line, the latter is for tentative target planning 
by surgiplan (Fig. 3).

One of the most important processes in the operative planning is target 
decision.

In the functional stereotactic surgery, exact target (zero) point is not vis-
ible in MR or CT images. Thus, after decision of IC-line, a temporary target 
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is marked by taking x (laterality) = 2 mm medial to the lateral border of the 
thalamus, y = 5 mm anterior to PC, and z = 0 on the plane of IC line.

These 3D coordinate values are deduced from our own experience of selec-
tive thalamotomy guided by microrecording, to get the best result for tremor 
surgery. But notice that this zero point is just for orientation of the center 
electrode (and coagulation needle), and the fi nal coagulation center is usually 
placed 3–4 mm above this point according to the result of the microrecording. 
This relation will be explained in detail later. Also it should be mentioned that 
around this point, tremor related neurons and kinesthetic neurons are most 
densely distributed as shown later. In the very early period of our thalamo-
tomy, the target decision was dependent on the measurement from the point 
of PC as shown above. But later, more reliable correction method was used. 
That is an anatomical notion that each thalamic nucleus is represented by the 
proportion of the thalamic length [3]. In this sense, it is true that for example, 
our target of the Vim nucleus located about 45% from anterior limit of the 
whole thalamic length. In contrast, usual reference point PC is represented by 
this method 53–66% [18], being much variable. Any way, it is better to refer 
to several different kind of standard 3D Atlas of the human thalamus [6, 9, 
11, 21, 23, 24].

Fig. 2. Determination of intercommissural line by surgiplan. FASE image (heavy T2) is used 
to determine AC and PC and consequently the IC line is drawn. Upper three MR images 
were used. Left: Axial plane, center: Sagittal plane, right: Coronal plane. All images change 
together with the same 3D coordinate
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Fig. 3. Determination of zero point by surgiplan. Proton image is used. Upper images, left: 
axial section, center: sagittal section, right: coronal section. Lower images, left: image of 
surgeon’s eye, center: image along trajectory, left: coronal, but reconstructed image. All im-
ages change together with the same 3D coordinate

Another point related to target determination is the possible displacement 
of MR image due to unstable gamma ray fi eld. To correct this kind of dis-
placement, CT image taken on the same day after frame fi xation is used by 
image fusion with MRI. In our case, sometimes, 1–2mm difference in the 
sense of left-right direction. In such case, this difference is taken into consid-
eration when lateral coordinate value is determined.

1.3 Operative procedure

Burr hole opening
After fi xation of the head as shown in Fig. 4, and the comfortable whole body 
posture is assured, the head is covered by sterile cloth except burr hole area. 
A burr hole is opened over the prefrontal area, at the point toward previously 
planned zero point.

A small incision of dura matter and arachnoid membrane under the burr 
hole is made for electrode passage. At this moment the cortical veins should 
be carefully avoided, not to be damaged by the later passage of electrode. 
If unexpected large veins may disturb the trajectory, slight change of the 
electrode angle is possible. Rarely, burr hole edge is slightly longer away. Be 
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cautious enough, the cut edge of dura and arachnoid is coagulated to avoid 
CSF leakage.

Microrecording
Highlight of the selective thalamotomy is microrecording of the deep brain 
structures to identify and ascertain the position of the electrode tip and fi nally 
to make a selective lesion (coagulation). The recording electrode is concentric 
bipolar needle type with electrical resistance less than 100 k (Fig. 5). Its detail 
was described already. The advantage of this type of electrode is low noise and 
easy usage in usual operating room without particular cage to avoid high fre-
quency parasite. Moreover, with the aide of micromanipulator (motor driven, 
with three different speeds, distance from zero point automatically shown by 
10 μm steps on photo electric tube), global background activity around the 

Fig. 4. Photographs of patient’s head taken from two different view points in supine posi-
tion on the operation table with Leksell’s stereotactic frame

Fig. 5. Patient’s head fi xed on the operation table. Leksell’s frame with arch and electrode 
(or needle) holder is set. Left lower corner is shown a bipolar concentric type microelectrode 
with its tip enlarged
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electrode tip and even extra cellular single spike discharge are recorded. For 
this, one important technical point is to set the ground line at one pole.

Recording electrode is set 3 mm posterior to the center tracking (for zero) 
parallel to the mid sagittal plane. In early time, a pair of recording electrodes 
has been used, one in the center position and the other one in either anterior 
or posterior position. But after several experiences, we noticed that the poste-
rior tracking can record more rhythmic discharge and/or kinesthetic response 
and is hence more useful for operative purpose. The posterior tracking serves 
also as the posterior wall when coagulations are made without touching the 
sensory nucleus of ventralis caudalis (Vc). Using surgiplan, simulation of 
the center track and posterior track is possible from the cortical surface to the 
zero point. Thus the distance from zero to the landmark points, for example, 
position of the caudate nucleus, thalamic entrance, and dorsal thalamus and 
Vim zone is calculated. These useful landmark points in mind, the electrode 
is introduced toward zero by micromanipulation. Our standard angle of the 
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1000 μm
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Fig. 6. Typical electrical activities along the trajectory shown on the left side. Left upper 
corner: MR images, of sagittal (with cut angle for images) and coronal view. Invading elec-
trode track is also shown. Left lower corner: Simplifi ed drawing of thalamic sagittal plane 
including Vim and its surroundings. In this atlas, a pair of oblique lines denote recording 
electrode (or coagulation needle) trajectory, with a line graph of level of background activity 
along the track. Approximate points of depth electrical activities shown on the right side 
are correlated schematically with the left side atlas. Cx cortex, W white matter, Cd caudate 
nucleus, Vo thalamic ventralis oralis, Vim thalamic ventralis intermedius
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electrode is 45  referring to the IC line and about 10  or less to the mid sagit-
tal plane.

In fact, as already described, from the entrance point of cortical surface to 
zero point (it is about 6–7 cm), different or characteristic electrical activities 
are recorded, which tell us the position of the electrode tip. For the economy 
of time, we start recording from about 3 cm above zero, almost at the entrance 
point of caudate nucleus.

Characteristic electrical activity of different structure toward the 
 thalamus:

Cerebral cortex: 20–30 Hz slow wave and spike.
White matter: positive small spikes.
Caudate nucleus: about 20 Hz slow wave and spikes of wide duration.
Dorsal thalamus (Vo): relatively small negative spikes.
Ventral thalamus (Vim):  large spikes that may respond to passive limb 

movement and/or rhythmic burst discharge time 
locked with tremor.

Ventral thalamus (Vc):  large spikes respond to light touch on the skin sur-
face.

So, when the electrode comes in the Vim zone, large spontaneous dis-
charge is recorded. With the micromanipulator, single or distinguishable 
couples of spikes are separated to examine whether it (or they) responds to 
 passive movement of the contralateral limb. If the patient has spontaneous 
tremor, it is not diffi cult to fi nd the grouped rhythmic discharge related to 
EMG rhythm. So the peripheral receptive fi eld is identifi ed usually.

It is important to decide the origin of peripheral receptive fi eld, what is 
the related muscle, what kind of movement (fl exion, extension, pronation, 
supination, etc.). This serves later for matching with clinical symptom.

If the electorode is still in the dorsal thalamus, probably in the Vo nucleus, 
the spontaneous activity is not very active and only small spikes are recorded 
to the passive movement of the limbs, but may be activated during voluntary 
action. In this sense, Vo neurons are considered to be classifi ed as active mo-
tor function, contrasting to the Vim neurons that are activated during passive 
movement. Therefore, the behavior of individual neurons and global back-
ground activity in Vo and Vim are quite different and not diffi cult to distin-
guish them during the operation.

Further advancing the electrode passing through Vim zone into the Vc nu-
cleus, there are another electrophysiological features. The background activ-
ity is similar as that of Vim nucleus but the Vc neurons respond to light touch 
to the contralateral skin surface. There is strict contra lateral representation of 
the respective fi eld, as known in the animal experiment. Roughly, the dorso-
lateral to the ventro medial part of the Vc nucleus, lower limb, upper limb and 
face area are arranged in this order, rostro caudal laminal sense. It is interest-



205

SELECTIVE THALAMOTOMY

ing to note that in the Vim nucleus, kinesthetic neurons are organized almost 
the same fashion: rostrocaudal laminar organization.

Recently, we found between Vim kinesthetic zone and Vc zone, there is 
a group of “Tap responsive neurons” which shows a particular response of 
large positive wave superimposed by several spikes. Until this tap response 
zone, coagulation is possible without paresthesia. Examples of these different 
responses are shown in Fig. 7.

One should remind of the structure and functional organization of the 
Vim and its surroundings. In fact, microrecording is not only essential for the 
thalamic surgery by technical reason but also it provides us with the oppor-
tunity to investigate the human thalamus [8, 13, 14, 18].

c) Selective coagulation. Taking all results of the physiological examination 
as mentioned above into consideration, the therapeutic coagulation is planned. 
The lesion should include the points of kinesthetic and tremor rhythmic neurons 
(Fig. 8), high spontaneous activity zone as far as possible. But also important ex-
clusion of (1) Vc nucleus of light touch neurons, (2) internal capsule consisted 
of mainly positive small spikes. With these criteria, matching of distribution 
of clinical symptoms and actual thalamic point where the recording electrode 
located is considered. For example, in the patient with tremor in upper limb 
receptive fi eld, the fi rst coagulation is made including this recording point.

As Leksell stereotactic system uses a pair of coagulation needles (effective 
coagulation tip is 4 mm and the interval of the pair of needles are set 3 mm 
apart), there is free space for directional selection, 360  around the center 
needle. That is, within this cylinder of 3 mm radius and 4 mm height, lamellar 
coagulation is achieved, also with dorsoventral depth control (Fig. 9).

A

B

C

D
A

R-B

R-T

L-Thal L-Thal

elbow flexion extension

I U E O

Fig. 7. Examples of characteristic neuronal response in and around the Vim nucleus. A Typi-
cal thalamic Vim responses. Rhythmic grouped discharge (left upper trace) time locked with 
contralateral tremor shown by EMG (a pair of traces recorded simultaneously with the thalamic 
discharge). Right: The same tremor neuron now responds to passive movement of elbow ex-
tension. B Response to the tapping of the contralateral III and IV fi nger tip. C Response to the 
vocalization of Japanese vowels. D Response to the light touch on the surface of the fi nger tip
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Therefore, usually the second lesion is made about 2 mm dorsal part by 
displacing coagulation set. Then as the third coagulation, posterior needle is 
in anterior hole taking the position of anteromedial position along the thala-

294

166

Fig. 8. Precise technique to make a selective thalamic lesion. After thalamic recording, the 
electrode is replaced by coagulation needle, and then the position of the needle is checked by 
X-ray fi lm, a part of which is presented on the left. Tip of the pair of needle is seen with imagi-
nary coagulation area (hatched area and its overview shown in the right lower). Two examples 
of Vim response, one being rhythmic grouped discharge of the tremor and the other being 
response to tap on the middle fi nger. For coagulation, see illustration in Fig. 9

A B C

3 mm
4 mm

Vim + VoVim

Fig. 9. Method of radiofrequency coagulation between the pair of coagulation needle is 
illustrated. A A sketch of coagulation device of Leksell stereotactic instrument. Tip of the 
needle is enlarged to show direction selective method around center needle. B, C Overview 
of the selective coagulation along the border of the thalamus (curved line) by three direc-
tions (B), and using longer interval of 4 mm
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mo-capsular curve, considering a lamellar structure. It is usually the case that 
the tremor disappears by the fi rst coagulation. If the tremor stops only by 
introduction of the coagulation needles into the target point, it will be certain 
that the good effect continues for considerable long period (5–10 years). Even 
if the tremor stops at the fi rst coagulation, it is necessary to add 2nd or 3rd 
coagulation, turning the posterior needle to certain necessary position to add 
coagulation. In average, we made 3–4 coagulations.

For the case with rigid type PD, we use electrode guider of 4 mm interval 
in order to invade into more anterior zone of the Vo nucleus.

2. LONG-TERM RESULTS

As far as Parkinsonian tremor is concerned, it is certain that in all cases the 
tremor stopped on the operation table. Once it disappeared, the effect con-
tinues for long time base of 5–10 years [12, 22]. An example is shown in 
Fig. 10. Other kinds of tremor, essential tremor, post CVD tremor post trau-
matic tremor etc. are also improved, if not completely arrested. It was usually 

Before R-Op (Sept/2006)
AK 75F, PD

Before L-Op (April/2008)

After 1y7m
After 1w

L-B

L-T

L-F

L-E

L-Ta

L-G

L-do R-do

1 sec, 500 μV

R-do

Fig. 10. Effect of selective Vim thalamotomy. In this particular case, R-thalamotomy and 
then L-thalamotomy were carried out with the interval of 1y7m and the respective clinical 
results were demonstrated with the thalamic lesion (center image). Each thalamotomy re-
sulted in complete arrest of the tremor. Left side tremor disappeared for 1y7m (left column) 
after operation and right side tremor after 1W (right column). Note that the previous lesion 
in the right shrunk to small one, while the new lesion in the left is relatively large, which will 
get smaller within a couple of months
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the case that tremor of high amplitude, low frequency (<3 Hz) was sometimes 
diffi cult to control, and larger coagulation was necessary.

As mentioned above, if the recurred tremor is troublesome for the pa-
tient’s life quality, re-operation is considered. Overall results of selective tha-
lamotomy for tremor guided by micro recording are more than 90%.

3. COMPLICATIONS

By our method of physiologically controlled selective thalamotomy, unto-
ward effect is minimal. If something may happen (in one among 10 opera-
tions), temporary dysesthea of the contra lateral thumb (and index fi nger) 
and/or of lip corner, or feeling of some weakness (not motor paresis) are no-
ticed. These abnormal sensations or weaknesses gradually subside within a 
couple of weeks.

Severe complication such as massive cerebral hemorrhage was rare, one in 
150–200 operations. In such case, emergency craniotomy and evacuations of 
hematoma would be necessary.

HOW TO AVOID COMPLICATIONS

1. MOTOR PARESIS

If motor paresis occurs, it is certainly due to hazardous damage into the part 
of internal capsule. As we always ascertain the position of the electrode tip 
physiologically, we do not make a direct coagulation in IC. No case showed 
true sense of paresis but only temporal weakness due to secondary (vascular 
damage) invasion of the IC. In this regard, such weakness occurs more often 
in the leg because leg area in the thalamus is located just medial to the IC. So 
we should be careful to treat clinical symptom in the leg.

2. PARESTHESIA

As in the case of motor weakness mentioned above, paresthesia may occur by 
the secondary invasion of the more posterior part of the Vim, namely sensory 
thalamus of the Vc. We do not destroy Vc area directly, carefully pay attention 
to the tactile response when the electrode comes into the deeper area. But in 
some cases, the sensory neuron allocates very close to the Vim of kinesthetic 
neurons, and consequently inevitable damage may occur. In that case, the par-
esthesia persists for several months or even a year, although gradually reduc-
ing. Therefore whenever starting coagulation, we ask the patient to be careful 
of some strange feeling emerge in the body part, tell us as quickly as possible, 
so as we can switch off the coagulator. In such case, paresthesia disappears 
within a couple of days. It is noteworthy that the paresthesia occur often in 
the fi nger tip (often 1st fi nger) and corner of the lip together. This type of 
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 paresthesia is mentioned as so called cheiro-oral syndrome, indicating that in 
the thalamic Vc nucleus, fi nger and lip area are situated next to each other.

3. CSF LEAKAGE

Usually, supine position is used during operation. But sometimes slightly 
head up posture or half sitting posture is taken. For aged patients with corti-
cal atrophy, the head up position is preferred to prevent leakage of the CSF 
from burr hole. If too much leakage occurs, the brain might sink a couple of 
mm, which brings about miscalculation of the electrode position.

In some 5% of the operated cases, recurrence of the tremor was noticed. 
In such cases, there were two reasons: one is very early or quick recovery of 
the coagulation lesion and the other displacement of the brain due to excess 
loss of CSF during operation.

For the former, it may happen in young patients. So we assume that there 
is some particular neural mechanism of recovery in the younger patients.

The latter case, displacement of the brain during operation can be avoided 
by careful prevention of CSF leakage as mentioned above, patient’s head po-
sition, coagulation of arachnoid under the burr hole area. In such condition 
of brain sinking, a couple of mm gap between the physiological recorded 
point and the center of coagulation will make signifi cant mismatch and as a 
consequence, an excellent clinical effect may not be achieved. One of the most 
troublesome complications is motor paresis caused by direct coagulation of 
internal capsule by a more dorsally deviated needle. Therefore in the case 
with cortical atrophy, a special attention is necessary.

4. SPEECH DISTURBANCE

Long since, speech disturbance is noted after bilateral thalamotomy. But 
again, as far as microrecording control is done and carefully making a le-
sion without touching the oral or pharyngeal response area, there is no prob-
lem. In the early epoch, we had an experience of severe dysarthria after right 
side thalamotomy, during which pharyngeal response compression of throat 
was recorded. See also the response to vocalization presented in Fig. 7C. We 
thought at that time, destruction of deep pharyngeal representation area was 
responsible for this damage. Since this experience, when pharyngeal or vocal 
response was found, this area was avoided during the therapeutic lesion. This 
area should be untouchable.

5. REOPERATION

The immediate effect of selective thalamotomy guided by microrecording is 
almost 100% as far as tremor is concerned. Recent operation results in com-
plete arrest of tremor of whatever causes on the operation table. However, 
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slight recurrence in some part of the body may be noticed. But this type of 
partial recurrence is not serious and no risk for further progress, the patient 
can tolerate without major disability.

In the care where recurrence of the symptom shows almost the same level 
as before operation and brain image reveal deviation of the coagulated lesion, 
re-operation is the best solution if the patient agrees.

In our series, we had 7 such cases (5%), in whom the microrecording in 
adjacent area of the previous coagulation again exhibited active spontaneous 
activity and kinesthetic or rhythmic discharges. The coagulation of this area 
results in the arrest of the tremor and/or decrease of the rigidity.

CONCLUSIONS

Details of microrecording guided selective thalamotomy were described. Trem-
ors of what ever cause can be treated by this surgical procedure. The effective 
and safety target is the lateral part of thalamic Vim nuclear where kinesthetic 
neurons and/or tremor time locked rhythmic discharging neurons among the 
high spontaneous active zone are clustered. To fi nd exactly this critical point, 
it is inevitable to use microrecording. The characteristic features of this area 
are: (1) high spontaneous activity with large amplitude spikes, (2) some of 
the spikes respond to passive movement of the contralateral limbs, (3) tremor 
time locked rhythmic discharge if the patient has tremor.

When making a coagulation lesion in this particular area, the use of dual 
coagulation needle and matching of clinically involved area and thalamic recep-
tive fi eld are essential. Estimated minimal effective volume is, as already shown, 
about 60 mm3. Radio frequency coagulation 3–4 different angles and heights, 
by 3 4 mm needle tip, induces a temporary larger thalamic reaction but it 
 diminishes in a couple of months to become a small sphere or slit like perma-
nent lesion, that results in 90% success without noticable complications.
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TARGETS FOR ELECTRICAL STIMULATION 
IN FUNCTIONAL NEUROSURGERY

F. VELASCO-CAMPOS

HISTORICAL NOTES

In 1964, Sheally applied for the fi rst time chronic electrical stimulation of the 
spinal cord in patients with neuropathic pain. The idea was to activate fi bers 
traveling in the dorsal columns, that would interfere with nociceptive im-
pulses at the level of the spinal cord entrance zone of dorsal roots. He used an 
internalized battery powered pulse generator similar to the cardiac pacemak-
ers, connected to an epidural electrode. In 1973, Cooper presented before 
neuroscience meeting audience, cases of children with cerebral palsy that 
were treated with electrical stimulation of paravermian cerebellar cortex and 
improved in both: seizure control and spasticity. In 1989, Benabid et al. re-
ported parkinsonian tremor control by chronic electrical stimulation of Vim 
thalamic nucleus, based in intraoperative experience that high frequency 
stimulation prior electro coagulation of that target, arrested contralateral 
tremor [1]. In 1999, Nuttin et al. presented cases of obsessive compulsive 
disorder (OCD), successfully treated by electrical stimulation (ES) of the an-
terior branch of the internal capsule [13]. These pioneer obser vations opened 
the fi eld of ES of nervous structures in the treatment of chronic neurological 
disorders that is nowadays one of the most rapidly developing fi elds in medi-
cine. Indications and targets have rapidly multiplied and most of them repre-
sent hypothesis based on animal experiments, extrapolated to clinical cases. 
Indi cations for ES include bladder and diaphragm control, vascular periph-
eral insuffi ciency and vascular headache among others. Therefore, the fi eld 
has attracted specialists in neurosurgery, neurology, algology, psychiatrists, 
urologists, general surgeons, vascular surgeons and pneumologists.

On the other hand, study of mechanisms of action and improvement in 
technology have attracted the interest of an every day larger number of neu-
rophysiologists, biomedical engineers, neurochemists, imaging doctors and 
technicians. Since ES may excite or inhibit neurons and fi bers, depending on 
the stimulated place and stimulation parameters, we now refer to the treat-
ment as neuromodulation, because “stimulation” may be taken as equivalent 
to “excitation”.

Keywords: stereotactic neurosurgery, targets in functional neurosurgery, 
brain lesioning, deep brain stimulation
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ELECTRICAL STIMULATION FOR NEUROPATHIC PAIN

Targets to treat pain have extended from the peripheral nerve to the cerebral 
cortex. Figure 1 summarizes the currently used targets and Table 1 the indi-
cations, contraindications, ES parameters and consensus on the expected 
improvement in pain for each target. Although both, nociceptive and neuro-
pathic pain are likely to improve with neuromodulation, this treatment has 
been indicated mainly in cases with chronic neuropathic pain syndromes, 
i.e. pain induced by lesions of peripheral or central neural structures.

The rationale to use electrical stimulation for pain control is different for 
different targets:

1. Peripheral nerve stimulation (PNS). High frequency stimulation in-
terferes with neuronal fi ber conduction.

2. Spinal cord stimulation (SCS). Propioceptive and nociceptive infor-
mation compete at the dorsal root entry zone. Excitation of propioceptive 
fi bers inhibits nociceptive neurons at the level of the dorsal spinal cord horn, 

Fig. 1. Rationale for targets used in the treatment of pain. Diagrammatic representation of 
sensory pathways from the peripheral nerve to the cerebral cortex. They are also descendant 
pathways modulating incoming sensory information. The places where anatomic physiologic 
mechanisms of pain perception have been interfered by electrical stimulation are indicated 
by arrows. 1 High frequency stimulation (>130 Hz) in predominant peripheral sensory nerves 
interfere with pain perception in the corresponding territory. 2 Nociceptive and Propioceptive 
information compete at the level of dorsal root entry zone (DREZ), by inhibition or excitation 
of the Rolando’s gelatinous substance. Enhancement of excitation of this marginal zone of the 
posterior horn of the spinal cord (PH), which is inhibitory of nociceptive neurons, is accom-
plished by low frequency stimulation of the dorsal columns (DC). Other abbreviations at this 
level: anterior horn (AH), lateral horn (LH), Ventral root (VR). 3 At the mesencephalic level, the 
Periaqueductal gray (PAG) contains high concentration of endorphin receptors. Relatively low 
frequency (<30 Hz) stimulation in this area has resulted in pain control. Other abbreviations: 
mesencephalic reticular formation (MRF), red nucleus (RN), substantia nigra (SN). 4 The postero-
medial hypothalamus is related to sympathetic control as well as behavioral rage reactions. 
Stimulation in this area (130 Hz) has been used to control cluster headache accompanied by 
sympathetic changes, as well as impulsive aggressive behavior. 5, 6 Sensory thalamus is com-
posed by VPM-VPL nucleus which receives Propioceptive and cutaneous information other than 
pain. However, Spinothalamic tract sends inhibitory collaterals to those nuclei. On the other 
hand, pain information reaches CM-Pf nuclei inducing excitation, while Propioceptive fi bers 
probably induce inhibition. Therefore, the hypothesis of a second gate mechanism modulating 
sensory information at the thalamic level has been advanced. Stimulation of VPM-VPL and CM-
Pf nuclei intends to modulate this mechanism. 7 The same applies for stimulation of efferent 
fi bers from VPM-VPL to somatic-sensory cortex (SSC) that travel in the internal capsule (IC). 
Other abbreviations: Thalamus (Th), globus pallidum (Gp), Putamen (Pu). 8 Motor cortex (MC) 
receives facilitator impulses from SSC and sends back inhibitory impulses to SSC, according to 
a hypothesis proposed by Tsubokawa. Besides, MC modulates sensory input at the level of the 
thalamus and facilitates cingulate gyrus (CG) control of emotions (Peyron et al. 1999). Finally 
there is evidence that sensory input is modulated by MC at the level of the spinal cord. Low 
frequency MCS controls pain through all these mechanisms. In the diagram, continuous lines 
and clear circles represent facilitatory pathways, while discontinuous lines and dark circles in-
hibitory pathways, arrows on these pathways represent the direction of impulses. Larger white 
arrows point to targets stimulated using low frequency to excite fi ber or neuronal activities 
and dark arrows point to those stimulated using high frequency to inhibit local activity
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according to the gate control theory, proposed by Wall and Melzack. Low 
frequency stimulation (LFS) (<40 Hz), delivered through epidural electrodes 
on the dorsal surface of the spinal cord intend to activate propioceptive fi bers. 
It has been demonstrated that SCS extends beyond the dorsal spinal columns, 
and activate selective neurotransmitter mechanisms.

3. Periaqueductal gray area stimulation (PAGS). Endorphin receptors, 
sensitive also to exogenous morphine, concentrate along the wall of the 3rd 
ventricle and PAG. ES <30 Hz intends to activate receptor uptake in PAG 
endorphin receptors.

4. Posteriormedial hypothalamic stimulation (PMHS). fMRI has shown 
intense hyperactivity of PMH during bouts of cluster headaches (Horton’s 
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Table 1. Neuromodulation for the treatment of pain: most commonly used targets, 
indications, contraindications, stimulation parameters and stimulation mode reported as 
effective and safe. Data on pain control represents the consensus in the literature

Target Indications Contraindications Stimulation 
parameters

Expected 
improvement 
rate

PN Pain in territories of 
predominant sensory 
nerves (trigeminal, 
major occipital, 
supraorbital)

Pain involving 
multiple nerve 
territories of 
mixed motor and 
sensory nerves

HFS (>60 Hz)
Continuos 
or cycling 
mode

40–60%

SC Localized uni or 
bilateral pain 
territories (from 1 to 
6 atoms dermatomes)
Failed spine surgery
Refl ex sympathetic 
dystrophy
Intermittent 
claudication
Post-traumatic root 
injury

Cephalic pain
Pain involving 
four extremities
Complete 
spinal cord 
transsection
Spinal blockage

LFS 
(10–40 Hz)
Cycling 
mode
Adjusted by 
the patient

30–70% 
better in 
sympathetic 
dystrophy

PAG Painful territory 
involving the 4 
extremities 
(neuropathies, 
quadriplegics)

Localized pain 
territory

>30 Hz
Cycling 
mode

40–60%

VPM-
VPLCM
Pf and 
IC

Unilateral post-stroke 
pain
Neuropathies 
(post-herpetic)
Nociceptive pain in 
cancer patients

Pain localized 
territories

50 Hz
Cycling or 
continuos

60%

PMH Cluster headache 
with sympathetic 
component
Facial pain secondary 
to central lesions

not reported HFS (150 Hz)
Continuos 
or cycling 
mode

50–100%

MC Cephalic pain
Pain secondary 
to thalamic and 
suprathalamic lesions
Phantom limb
Sympathetic dystrophy

complete motor 
and sensory 
deafferentation
restricted cortical
representation of 
painful territory

LFS <40-Hz
Cycling 
mode
90–120 μs
<5.0 V

40–80%
Failures 
often 
reported

Targets: PN Peripheral nerve; SC spinal cord, PAG periaqueductal gray; VPM-VPL, CM-Pƒ and 
IC sensory thalamic nuclei and fi bers, PMH posteromedial hypothalamus, MC motor cortex

headache). ES at 130 Hz in the PMH ipsilateral to the migraine has been suc-
cessful to control pain and sympathetic changes.

5, 6 and 7. Stimulation of thalamic sensory nuclei: ventralis posterome-
dial and lateral (VPM-VPL) and centromedian parafascicularis (CM-Pf), and 
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thalamic-cortical sensory fi bers in the internal capsule. Spinothalamic tract 
branches in both VPM-VPL and CM-Pf nuclei, in turn VPM-VPL project to 
the primary sensory cortex through fi bers traveling in the posterior third of 
the posterior branch of internal capsule (IC). Since VPM-VPL also receive 
other cutaneous and propioceptive sensory information, another gate control 
mechanism for sensory information has been proposed at the level of the tha-
lamus. ES of 50–60 Hz have been used for neuromodulation in the sensory 
thalamic nuclei and their cortical projections. Combinations of electrodes in 
VPM-VPL and CM-Pf or PAG intend to optimize pain control.

8. Motor cortex stimulation (MCS). Low frequency (20–50 Hz) ES of 
the motor cortex induces analgesia through a still unknown mechanism. Since 
MCS is accompanied by increase of neuronal activity of the thalamus and 
cingulate gyrus, as revealed by hyper metabolism of these areas in PET stud-
ies, control of nociceptive information at the thalamic sensory relay nucleus 
and increased cingulate related emotional control have been proposed to in-
duce analgesia by MCS. There is also evidence that MCS controls nociceptive 
input at the level of the spinal cord.

Pain control resulting from the use of the above listed methods is highly vari-
able according to different reports. The percentage improvement expected for 
each method is presented in the table as the result of revision of the literature.

ELECTRICAL STIMULATION FOR MOVEMENT DISORDERS

High frequency stimulation (130–185 Hz) of ventralis intermedius thalamic 
nucleus (Vim) was proposed to treat Parkinson’s disease (PD) in patients that 
had been previously treated, lesioning Vim in the contralateral side. This was 
an attempt to avoid side effects induced by bilateral lesions in Vim, mainly on 
speech. Subsequently, ES of other targets was reported effective in control-
ling symptoms, such as globus pallidum internus (Gpi) and prelemniscal ra-
diations (Raprl). Targets based in Alexander and De Long proposal for the 
physiology of motor control have been successfully used to treat PD and 
other involuntary movements. Examples of that are ES of the sub thalamic 
nucleus (STN) and the globus pallidum externus (Gpe). Stimulation of other 
sub thalamic nuclei such as zona incerta, above (Zir) and behind (Zic) STN, 
has been reported highly effective in controlling PD symptoms in the ex-
tremities. Peduculopontine nucleus (PPN) ES in the brain stem has been 
stimulated to treat mainly axial symptoms (gait and posture) in PD. Finally, 
MCS is being evaluated in the treatment of involuntary movements such as 
PD and intention tremor. Up to the present, PPN is indicated when STN and 
Gpi failed in controlling axial symptom in PD, while Gpe has been used in 
Gilles de la Tourette syndrome. STN, Gpi and Raprl are being used in PD. 
Gpi and STN are also used in focal and generalized dystonias and Raprl in 
tremors of different etiologies.
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Fig. 2. Diagram proposed by Alexander and De Long to illustrate the physiology of move-
ment control, which has been modifi ed to incorporate other important anatomical struc-
tures, not considered in the original proposal. Clear circles and continuous lines indicate 
facilitator, glutamate mediated pathways. Dark circles and discontinuous lines indicate 
GABA mediated inhibitory pathways. Motor cortex facilitates striatum activity, which in 
turn modulates globus pallidum internus (Gpi) and substantia nigra pars reticularis (SNr). 
Gpi inhibit ventral lateral thalamic neurons (Th) that are facilitator of cortical activity. 
Striatum control on Gpi uses direct and indirect pathways. Indirect pathway goes through 
globus pallidus externus (Gpe) and sub thalamic nucleus (STN). The striatum is modulated 
by the substantia nigra pars compacta (SNc) which maintains an excitatory inhibitory bal-
ance. Thalamic activity is also modulated by ascending sub thalamic fi bers or prelemnis-
cal radiations (Raprl), probably originated in the mesencephalic reticular formation (MRF), 
zona incerta (Zi) and peduculopontine nucleus (PPN). PPN has descending bilateral projec-
tions that facilitate spinal cord activity and is known as the brain stem motor center. This 
descending fi ber system represents an alternative pathway to the pyramidal and extrapy-
ramidal fi bers in motor control. Gpi has bilateral descending inhibitory pathways to PPN, 
which explains bilateral improvements of symptoms in the extremities, and improvement 
in axial symptoms of PD with unilateral Gpi lesion or stimulation. The arrows indicate 
the targets used to treat movement disorders using neuromodulation and are numbered 
in chronological order: 1 Vim, 2 Gpi, 3 STN, 4 Raprl, 5 PPN, 6 Motor Cortex, 7 Gpe, 8 Zona 
incerta pars caudata (Zic). Dark arrows are those targets in which high frequency stimu-
lation is applied to inhibit local neurons or fi bers. Clear arrows indicate those targets in 
which low frequency stimulation is used to excite local neurons. Numbers 5 to 8 have 
been reported in the past 3 years
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SURGICAL TREATMENT

UNILATERAL Raprl BILATERAL Gpi

PREDOMINANT
UNILATERAL TREMOR

AND RIGIDITY

(HOEHN-YAHR  II-III)

BILATERAL RIGIDITY
AND AKINESIA

(HOEHN-YAHR  III-IV)

BILATERAL TREMOR
RIGIDITY AND AKINESIA

(HOEHN-YAHR  IV-V)

BILATERAL STN OR
Raprl WHEN TREMOR
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< 50% CONTROL
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SEVERE L-DOPA
INDUCED DYSKINESIAS

MEDICAL TREATMENT

PARKINSON´S DISEASE
 

  

  

 

Fig. 3. Paradigm of treatment used in PD. Candidates for neuromodulation are patients in 
whom medical treatment has lost its effi cacy, improving less than 50% the severity of symp-
toms and/or the period of time of improvement around the clock (ON-OFF periods). Other 
indication is the presence of severe L-DOPA induced dyskinesias. Target is chosen according 
the predominant symptom and the stage of the disease. PPN is restricted for those patients 
having mainly axial posture and gait abnormalities

In general, high frequency ES is used to mimic the effects of lesions of dif-
ferent targets, low frequency is used to induce neuronal excitation in PPN, 
Gpe and motor cortex.

Table 2. Degree of improvement obtained for different PD symptoms from reports that 
used the same scale (UPDRS part III motor) and follow up period (one year) to evaluate the 
results and reported as % improvement

Target T R A P G Author Year

STN 80 90 60 58 56 Benabid 2000
Raprl 92 94 65 35 50 Carrillo-Ruiz 2008
Zic 93 76 65 NA NA Plaha 2007
Gpi 78 68 68 67 59 Jimenez 2006
Vim 80 NA NA NA NA Benabid 1996
PPN NA NA NA 70 80 Mazzone 2005
T Tremor, R rigidity, A akinesia, P posture, G gait. Authors and year of the report are quoted 
(see references). Targets: STN Subthalamic nucleus; Raprl prelemniscal radiations; Zic zona 
incerta caudalis; Gpi globus pallidum internus; Vim ventralis intermedius thalami; PPN pe-
duncle pontine nucleus. NA Non available data
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Figure 2 presents Alexander and De Long proposal for motor control that 
has been modifi ed to include other anatomical structures that participate in 
this process. In the legend for this fi gure, the rationale to use different targets 
is explained.

On the other hand, all targets but Vim improve other PD symptoms besides 
tremor (Table 2). Degree of improvement reported for different symptoms varies 
for different targets. Therefore, at the present one may choose the target that bet-
ter controls the predominant symptom in each particular case. Figure 3 presents 
the paradigm we are currently following in the General Hospital in Mexico.

ELECTRICAL STIMULATION FOR EPILEPSY

Figure 4 summarizes the neurobiological background behind the use of dif-
ferent targets for seizure control.
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Fig. 4. Rationale for targets used in the treatment of epilepsy. Continuous lines ending 
in axonal terminal with clear circles indicate facilitatory pathways for cortical neuronal 
excitation. Discontinued lines and dark circles indicate inhibitory pathways. Dark ar-
rows indicate targets stimulated with high frequency (HFS) to inhibit local neuronal to 
axonal fi bers, clear arrows point to structures stimulated with low frequency (LFS) to 
excite anatomical structures. Targets are numbered in chronological order as they were 
proposed.

Cerebellar cortex (CC) inhibits deep cerebellar nuclei (DCN), which in normal condi-1. 
tions induce cerebral cortex and monosynaptic spinal cord refl ex excitation. LFS of 
cerebellar cortex (CS) decreases both clinical and experimental seizures and spas-
ticity. HFS of DCN is used to induce inhibition of neuronal activity of those nuclei 
and has the same antiepileptic effect.
Non specifi c thalamic system (NSTS) is a relay of cerebellar, mesencephalic, 2. 
reticular formation (MRF), other brain stem nuclei like vagal nerve, basal gan-
glia and cortical areas. Cortical synchronization and desynchronization are 
mediated or regulated by NSTS. Thalamic-cortical reverberating activity seems 
responsible for generation of spike-wave complexes and secondary synchro-
nous discharges seen in various forms of epilepsy and participates in propaga-
tion of cortically initiated seizures. Centromedian (CM) and anterior thalamic 
(AN or VA in animals) nuclei are part of NSTS. CM-HFS interferes with cortical 
synchronization like spike wave complexes and propagation of cortical epilep-
tic activity.
Vagal nerve nucleus (VNN) and in particular nucleus of the solitary tract, have ex-3. 
tensive connections with other brain stem, basal ganglia and mesial temporal lobe 
structures (not shown in the fi gure). Antidromic activation by 20–50 Hz currents 
applied in the vagal nerve at the neck (VNS), result in antiepileptic effect by a still 
undetermined mechanism.
AN-HFS has the same effect on seizures than CM, but in addition it may interfere 4. 
with propagation of complex partial seizures originated in the hippocampus (HC) 
through fornix, mammillary body (MB) and mammillo-thalamic tract.
Ventral caudate nucleus (Cd) is inhibitory of cortical activity. LFS of this part of 5. 
Cd results in cortical inhibition and antiepileptic effect. In contrast HFS increases 
seizures end EEG paroxysmal discharges.
Low amplitude DC currents, applied to the temporal lobe amygdale, using the 6. 
same electrode to induce seizures in a paradigm stimulation for kindling in rats, 
disrupts epileptogenesis and increases the threshold for after discharges. Su-
bacute HFS of hippocampal epileptogenic foci or Para hippocampal cortex de-
creases or abolishes seizures and ictal and interictal paroxysmal discharges in 
humans. The effect is mediated through GABA receptors. Chronic cycling HCS has 
successfully controlled seizures initiated in the mesial temporal lobe unilaterally 
or bilaterally.
Substantia nigra pars reticulata (SNr) is a potent inhibitor of cortical excitabili-7. 
ty, through a GABA mediated mechanism. STN maintains tonic inhibition on SNr. 
Therefore, HFS of STN intends to inhibit local neuronal activity which releases SNr 
to inhibit the cortex.
As for hippocampus and Para hippocampus, HFS of extra temporal epileptic 8. 
foci may reduce epileptogenesis by the same GABA mechanism. Stimulation 
parameters are settled to deliver low current density charge. Therapeutic low 
amplitude stimulation of foci in eloquent areas does not induce neurological 
defi cits.
HFS of mammillary bodies and mammillo-thalamic tract reduce partial complex sei-9. 
zures and gelastic seizures secondary to hypothalamic hamartomas. Surprisingly 
stimulation of these areas does not induce side effects.
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Many experimental observations made in animal models of epilepsy have 
been extrapolated to humans to treat diffi cult to control seizures. The degree 
of improvement varies for different procedures and seizure type. High fre-
quency stimulation has been used to inhibit local neuronal activity in the 
target, while low frequency activity is used to increase neuronal activity 
(Table 3 and Fig. 4).

Table 3. Seizure control induced by ES in different targets on various seizure types
Target Parameters and mode Seizure type

  GTC A A CxP FM ADV GEL MYOC

VN 20–50 Hz, 0.5 mA, 
130–500 μs cyling + 
reinforcement

+ + + + + – NA

CC 10 Hz, 2.0 μC/
cm2/phase cycling 
(4 min on, 4 min off) 
mono polar

+++ ++ + + ++ – –

CM 130 Hz, 3.0–4.0 V, 
450 μs, bipolar 
cycling (alternating 
right-left 1 min on, 
4 min off)

+++ +++ + +++ ++ – –

AN 90–130 Hz, 3.0–
4.0 V, 60–110 μs 
bipolar, cycling 
similar to CM

++ ++ +++ + ++ – NA

HC 130 Hz, 3.5–4.5 V, 
450 μs bipolar, 
cycling similar 
to CM

+++* ++ +++ NA NA NA NA

ELA 130 Hz, 2.5–3.5 V, 
210 μs bipolar, 
cycling similar 
to CM

+++* NA NA +++ ++ NA NA

STN 130–185 Hz, 
2.0–3.0 V, 60 μs 
monopolar 
continuos

++ NA + ++ +++ NA ++

MB 
and
MTT

130 Hz, 2.0–3.0 V, 
90 μs, bipolar, 
continuos

NA NA NA NA NA +++ NA

Targets: VN Vagal nerve; CC cerebellar cortex; CM centromedian nucleus; AN anterior 
thalamic nucleus; HC hippocampus; ELA eloquent extratemporal cortices; STN subthalamic 
nucleus; MB mammillary body; MTT mammillo-thalamic tract. The parameters and stimulation 
mode recommended is quoted. Seizure types: GTC generalized tonic clonic; * focally initiated 
GTC; AA atypical absences; CxP complex partial; FM focal motor; ADV adversive tonic; GEL 
gelastic; myoc myoclonic. Seizure improvement: (–) = <30%; (+) = 30–50%; (++) = 50–80%; 
(+++) = >80% NA Non available data. Improvement takes as reference baseline seizure 
occurrence before starting electrical stimulation
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1. Cerebellar stimulation was used in the 70s and 80s and open label stud-
ies described an overall improvement of 50%. However, two double blind 
studies casted doubts on the effi cacy of CS, as it was not signifi cant difference 
in the number of seizures during the periods ON and OFF stimulation. Re-
cently, a double blind study in which the maneuver started at the onset of 
stimulation, showed signifi cant differences in the number of seizures in ON 
and OFF conditions. Improvement of generalized tonic (GT) and tonic-clon-
ic (GTC) seizures was 80% at two years follow up.

2. Similar to CS, in centro median thalamic stimulation (CMS) there 
was no signifi cant differences in the number of seizures in ON and OFF 
stimulation periods in two double blind protocols. In both studies, the dou-
ble blind maneuver initiated after a period of several months ON stimulation, 
when seizures had decreased over 80% the baseline level and improvement 
was maintained during the 3 months OFF stimulation. This probably repre-
sents a residual anticonvulsive effect of chronic stimulation. Therefore, dou-
ble blind maneuvers to evaluate the effi cacy of ES in epilepsy must be sched-
uled at the beginning of the study and avoid cross over protocols. The best 
effect of CMS has been on GTC and atypical absences (AA) of the Lennox 
Gastaut syndrome, with an overall improvement of 83% and 15.4% of the 
patients becoming seizure free.

3. Vagus nerve stimulation (VNS) has been in use for over 15 years as 
coadjutor therapy in diffi cult to control seizures that are not candidates for 
ablative procedures. It is the only neuromodulation therapy for epilepsy that 
has been approved by FDA up to date, in spite of its relative modest effect on 
seizures. Side effects include dysphonia, headache and increase peptic ulcer 
and insulin dependant diabetes mellitus conditions.

4. Anterior thalamic nucleus stimulation (ANS) is being evaluated in a 
multicentric study that includes over 100 cases. Pilot studies reveal seizure 
reductions of various types with an improvement of 62–68% in the total 
number of seizures, particularly GTC and complex partial (CxP).

5 and 8. Hippocampal stimulation. Cases with bilateral temporal in-
dependent foci confirmed by depth recordings, and patients with memory 
deficits in neuropsychological testing are considered poor candidates for 
ablative procedures. Patients with high surgical risk often derived from 
toxic effects of anticonvulsant drugs, such as hepatic damage are also re-
jected for temporal lobectomy.

In those cases, unilateral or bilateral hippocampal stimulation (HCS), par-
ticularly in cases without mesial temporal sclerosis (normal MRI), has been 
found highly effective for seizure control, with 80% seizure reduction and 
33% of patients becoming seizure free. In contrast, patients with hippocam-
pal sclerosis have a delayed response and a seizure decrease from 50–80%. 
Electrical stimulation of eloquent (ELAS) areas (motor and sensory) induce 
also signifi cant decrease of simple partial seizures and secondary generaliza-
tion in all cases treated so far. Most important is that neither HCS nor ELAS 



226

F. VELASCO-CAMPOS

have induced deterioration in neuropsychological performance, and HCS 
may be accompanied by an improvement in memory testing.

6 and 7. Caudate nucleus stimulation. Some studies have explored the 
anticonvulsive role of basal ganglia and reported that low frequency stimula-
tion of caudate nucleus (Cd) decreases electrocortical epileptic activity 
(Chkhenkeli, 1997). The best anticonvulsive effect has resulted from stimula-
tion of the ventral part of Cd and has been sustained for 1.2 years.

7. Subthalamic nucleus stimulation. More recently, the STN has been 
stimulated with HFS for seizure control. A relatively small number of cases with 
various epileptic conditions have been treated in strict double blind controlled 
protocols. Improvement varies from 30 to 82% in different reports and seems to 
be better for seizures initiated in the frontal lobe and myoclonic seizures [5].

9. Hypothalmic stimulation. Cases of complex partial seizures have 
been recently treated by electrical stimulation of mammillary bodies at 
the hypothalamus, with reduction in seizure occurrence and surprisingly 
no side effects. Also, some cases with gelastic seizures originated in hy-
pothalamic hamartomas have been treated by electrical stimulation of the 
mammillo-thalamic tract.

10. Epileptic zone stimulation (ES) of temporal lobe and extra temporal 
foci have been coupled with detectors of EEG activity that may anticipate 
seizure onset, as well as a stimulation system that delivers electric current 
through an electrode placed on the epileptic zone. The initial reports are 
promising, although seizure anticipation may depend of EEG activities that 
are not specifi c. Besides, in all trials of neuromodulation for seizure control, 
best anticonvulsive effect takes time to be reached. For HCS it takes weeks, 
for CMS it takes months, and for VNS and CS it takes years.

ELECTRIC STIMULATION FOR THE TREATMENT 
OF PSYCHIATRIC DISORDERS

1. HISTORICAL BACKGROUND

Although early attempts to treat psychiatric disorders using neurosurgical 
procedures were performed in 19th century, it was until 1936 that the so called 
“frontal leucotomy” was introduced by Egas Moniz as an alternative for the 
treatment of psychiatric patients. Frontal leucotomy was based on the pioneer 
work by Fulton and Jacobsen on chimpanzees, which were turned docile by 
ablations of the frontal lobe. Leucotomies rapidly evolved to restricted lesions 
in the frontal lobe, such as orbitofrontal undercutting, sub caudate tractotomy, 
anterior capsulotomy and cingulotomies. Introduction of stereotactic tech-
niques allowed performing precise lesions in subcortical structures, like poste-
rior medial hypothalamic lesions, temporal lobe amygdalectomy and lesions 
of the posterior medial orbitofrontal cortex (area 13).
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In the late 60s and early 70s psychiatric neurosurgery was practically 
abandoned. Reasons to reject neurosurgical procedures to treat psychiatric 
conditions were multiple; however, the most important were the develop-
ment of new drugs more specifi c and effective to control symptoms, the abuse 
of psychosurgery procedures and the social fear that such procedures might 
be used for political control on dissident people.

In 1974 US Senate ordered a revision of psychosurgical procedures appli-
cations and results. The Commission performing this evaluation concluded 
that “certain surgical procedures had been helpful to very sick patients with-
out destroying their intelligence or rob them of their feelings”. For the next 
30 years neurosurgical procedures to treat psychiatric disorders were con-
fi ned to a selected group of institutions and restricted to few indications. Sci-
entifi c and ethical considerations of the protocols of study became strictly 
supervised by institutional and international committees.

Simultaneously, rapid development of technology in neuroimaging, stereo-
taxis, electrophysiology and neurochemistry provided important information 
on the anatomy and physiopathology of mental illness. Such information 
allows reconsidering neurosurgical procedures in psychiatric conditions in a 
more scientifi c and safe perspective. Finally, neuromodulation seems an ideal 
method to deal with psychiatric conditions, as one may reverse any adverse 
reaction by turning OFF or simply adjusting stimulation parameters. This 
solves the ethical problem of changing the personality or mind in a way not 
desired by the patient.

2. RATIONALE FOR TARGETS USED IN PSYCHIATRIC DISORDERS

Neuromodulation has concentrated so far in the treatment of obsessive com-
pulsive disorder (OCD), major depression disorder (MDD), impulsive ag-
gressive behavior (IAB) and alimentary disorders (anorexia or obesity).

HFS has been directed to interfere with fi ber conduction of the same 
structures that had been destroyed to treat OCD. HFS of anterior branch of 
the internal capsule has controlled both obsessions and compulsions in the 
majority of cases. When stimulators are turned OFF or battery charge de-
pletes, OCD symptoms rapidly return, indicating that electrical current was 
responsible for the improvement. Stimulated area in the anterior branch of 
internal capsule includes several tract fi bers connecting basal ganglia with 
frontal cortex, so it is diffi cult to decide which one is responsible for the clin-
ical effect. Recently, stimulation has been concentrated in the most medial 
and inferior end of the internal capsule, nearby the genu. Still, current charge 
density necessary to obtain adequate clinical results is high, depleting battery 
charge of the internalized pulse generators rapidly, with the consequent in-
crease in the cost for the treatment.

Seeking for more specifi c targets to treat OCD that might require less 
current charge to be effective, a structure immediately below the genu of 
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internal capsule has been stimulated. The nucleus accumbens represents a 
medial extension of the temporal lobe amygdale and is profusely intercon-
nected with the basal ganglia and frontal and temporal lobes. Electrical 
stimulation of the periphery or “shell” of this structure has been claimed 
effective to control OCD symptoms. Unfortunately, the reports do not use 
the conventional Yale-Brown scale for obsessive compulsive disorders to 
evaluate the improvement, so it is diffi cult to compare with stimulation of 
other targets.

Inferior thalamic peduncle (ITP) that represents the link of orbitofrontal 
cortex with non specifi c thalamic nuclei has been reported effective to con-
trol MDD and OCD. This tiny structure may have the advantage of been 
more punctual and require less current charge to get inactivated. However, 
so far HFS 130 Hz, 4.0–5.0 V and 210–450 ms are necessary to maintain the 
effect on OCD over time.

Vagal nerve stimulation (VNS) has been used to treat difficult to con-
trol seizures. Some of the epileptic patients suffering severe depression 
were improved in both the number of seizures and depressive condition. 
Effect on depression may be explained by the extensive connections of the 
solitary tract nucleus with areas participating in the physiology of mood 
and behavior, such as locus coeruleus, posteromedial hypothalamus, cau-
date nucleus and mesial temporal structures. The initial trials of VNS for 
depression reported significant decrease in scores of specific scales for 
depression.

PET scans in OCD and MDD show conspicuous hyperintensity of or-
bital frontal cortex, including subgenual cingulate cortex (area 25), as well as 
temporal lobe amygdale and midline thalamic nuclei. Such hyper intensity 
disappears when OCD and MDD are successfully treated with medication, 
to become hyperintense again during relapses. In contrast, frontal cortex in 
the convexity is hypointense in OCD and MDD and metabolic activity in-
creases in this region when symptoms are controlled by medication.

These observations oriented stimulation of subgenual cortex in the treat-
ment of MDD. Initial results are very promising and subgenual cortex stimu-
lation is being evaluated in a multicentric study.

Finally, the posterior medial or sympathetic hypothalamus is known 
to be involved in rage and aggressive behaviors in animals. In the 60s le-
sions in these areas were used to treat IAB. Recently, the area has been 
stimulated with HFS in that type of patients. The target corresponds to 
the same area used to treat Horton’s headache and its accompanying sym-
pathetic symptoms, with the difference that to treat IAB bilateral stimula-
tion is needed.

Glossary of abbreviations

ES    Electrical Stimulation
HFS    High Frequency Stimulation
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LFS   Low Frequency Stimulation
MRI  Magnetic Resonance Imaging
ƒMRI Functional MRI
PET    Position Emission Tomography
S       Stimulation

Pain Section
AH        Anterior Spinal Cord Horn
CG        Cingulate gyrus
CM     Centro Median Thalamic Nucleus
DC         Dorsal Spinal Cord Column
DREZ Dorsal Root Entry Zone
Gp                                    Globus pallidum
IC                                          Internal Capsule
LH                     Lateral Spinal Cord Horn
MC                 Motor Cortex
PAG             Peri Aqueductal Gray
Pƒ           nucleus parafascicullaris
PH            Posterior Spinal Cord Horn
PMH            Posterior Medial Hypothalamus
PN            Peripheral Nerve
SCS            Spinal Cord Stimulation
SSC            Somato Sensory Cortex
Th               Thalamus
VPL           Ventralis postero lateralis nucleus
VPM           Ventralis postero medialis nucleus
VR              Ventralis root of spinal cord

Movements Disorder Section
A    Akinesia
G            Gait
Gpe          Globus pallidus externus
Gpi   Globus pallidus internus
MRF Mesencephalic reticular formation
P        Posture
PD          Parkinson’s disease
PPN     Pedunculo pontine nucleus
R     Rigidity
Raprl Prelemniscal radiation
SNC      Substantia nigra pars compacta
STN         Subthalamic nucleus
T         Tremor
Vim    Nucleus Ventralis intermedius
Zic   Zona incerta caudalis
Zir    Zona incerta rostralis
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Epilepsy Section
AA           Atypical Absences
ADV                   Adversive seizures
AN             Anterior Thalamic Nucleus
CC               Cerebellar Cortex
Cd          Caudale nucleus
CS           Cerebellar Stimulation
CMS          Centro Median Thalamic Stimulation
Cxp        Complex Partial Seizures
DCN               Deep Cerebellar Nucleus
FM                Focal Motor Seizures
GABA Gamma Aminobutyric Acid
GEL           Gelastic seizures
GT     Generalized Tonic Seizures
GTC         Generalized Tonic Clonic Seizures
HC             Hippocampus
HCS       Hippocampus stimulation
MB              Mammillary body
MTT         Mammillo Thalamic Tract
Myoc    Myoclonic Seizures
NSTS  Non Specifi c Thalamic System
SC           Spinal Cord
SNr          Substantia Nigra pars reticulate
VA        Ventralis Anterior or Anterior Thalamic nucleus
VNN     Vagal Nerve Stimulation

Psychiatric Disorder Section
IAB         Impulsive Aggressive Behavior
ITP                        inferior Thalamic Peduncle
MDD Major Depression Disorder
OCD  Obsessive Compulsive Disorder
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FUNCTIONAL NEUROSURGERY 
FOR PARKINSON’S DISEASE

A. L. BENABID

INTRODUCTION

Functional neurosurgery for movement disorders started in the early 1940s. 
It was mainly based on lesion (ablative surgery) using various methods of 
destruction aimed at various targets on the basis of either theoretical anato-
mo-functional considerations or anecdotal observations, the most famous 
 being the introduction of thalamotomy and pallidotomy following Irving 
Cooper’s observations of an accidental ligature of the anterior choroidal 
 artery. Later, trial and error based methods, associated to electrophysiology, 
led to the defi nition of an ideal target defi ned as the magnocellular part of the 
ventral intermedius (Vim) nucleus of the thalamus. This became the standard 
target and electrocoagulation the standard surgical technique to treat tremor, 
both in Parkinson’s disease (PD) and in essential tremor (ET). The most fre-
quently improved symptom was tremor, with good and long lasting results, 
with two main drawbacks. (i) The effects did not last and needed reoperation 
when the lesion was well placed but too small. (ii) Side effects could be 
 observed when the lesion was too large, involving peri-target structures, 
 particularly the internal capsule which led to motor defi cits, not always 
 reversible. Moreover, bilateral surgery, often required by the clinical status of 
the patient, was too often associated with neurocognitive defi cits.

Surgery was the only effi cient treatment of PD until the introduction in 
the 60s of the substitutive treatment with levodopa (L-dopa) by Cotzias, 
based on the pioneering work of Arvid Carlsson. PD was known to be re-
lated to a defi cit in dopamine in the basal ganglia (BG) since Hornikiewicz. The 
drawbacks of ablative surgery, together with the striking benefi cial effects 
of levodopa, were responsible of the almost disappearance of ablative le-
sions, until the recognition of the long-term side effects of dopatherapy, 
mainly motor fl uctuations and dyskinesias, triggered a renewed interest in 
surgical methods, with no or little tolerance for complications. This need 
for less invasive techniques triggered a series of basic research-based ap-
proaches. This was the main motivation for neural transplantation, still not 
considered as a routine treatment. In this context of a quest for a new 
 procedure, the unexpected observation during intra operative exploratory 

Keywords: stereotaxy, deep brain stimulation, functional neurosurgery, 
movement disorders, subthalamic nucleus
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electrophysiology [2] of the effects of high-frequency stimulation (HFS) 
able to mimic in a reversible and adjustable manner the effects of local de-
struction of functional targets triggered, in a serendipitous approach, the 
development of HFS of functional targets as a specifi c therapeutic tool. Ini-
tially applied to movement disorders, this has been more recently applied to 
an increasingly larger fi eld of indications such as psychosurgery.

Vim HFS is very effi cient on tremor, the most spectacular but not the most 
disabling symptom of PD. However, there is no effect on bradykinesia and 
rigidity. The disability of advanced PD patients is essentially related to  akinesia 
and rigidity. The publication in 1990 by the groups of Mahlon DeLong [4] and 
of Crossman [1] of the prominent role of the subthalamic nucleus (STN) in 
the control of motor function and of its capacity, when destroyed, to improve 
bradykinesia and rigidity in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP)-exposed monkeys has opened new horizons for deep brain stimula-
tion (DBS) in movement disorders. Although the STN can be the source of 
hemiballism when destroyed by haemorrhages, the experience  acquired  during 
HFS of the thalamus suggested that the STN could be a target for neuroinhi-
bition-like methods as provided by HFS. This was supported by experiments 
using HFS instead of lesioning in MPTP-exposed monkeys. The ultimate con-
fi rmation of the  interests of this target was given when the fi rst patients with 
advanced PD were implanted, showing that tremor, rigidity, and bradykinesia 
were very signifi cantly improved by this method [11], allowing to decrease the 
drug dosage by 60% in average [12], and therefore alleviating the levodopa-
induced motor fl uctuations and dyskinesias [9]. Since that time, this has been 
used all over the world and several thousands of patients have been operated 
and improved, making this method the reference surgical  procedure for 
 advanced PD. In this chapter, we will not consider any other techniques but 
DBS, neither any other targets but the STN.

RATIONALE

1. ROLE OF STN IN THE CONTROL OF MOTRICITY

The basal ganglia (BG) are closely involved in the control of movements, and 
subsequently in the genesis of movement disorders, when a component of this 
network is altered by a pathological process, such as the nigrostriatal degenera-
tion which is at the basis of PD. This results in a dysregulation of the function 
of these networks which interconnect the various nodes of the networks, most 
often resulting in an abnormal fi ring pattern made of a combination of hyper-
activity and bursting, creating an irregular activity, the most demonstrative be-
ing associated with tremor and observable in several nuclei of the network, 
such as the thalamus, the STN, and the internal pallidum. A simplistic approach 
towards therapeutic application is to consider that symptom alleviation could 
be obtained from alteration of these abnormal activities, either by suppression 



237

FUNCTIONAL NEUROSURGERY FOR PARKINSON’S DISEASE

(obtained by  ablative surgery) or by functional inhibition, such as delivering a 
sort of blank noise, achieved by high-frequency stimulation (HFS) which 
would jam or mask or disrupt the abnormal bursty hyperactivity.

2. ANATOMY OF STN

There is a consensus to consider the STN as a major driving force of BG ac-
tivity and hence a key infl uence on movement control, together with cogni-
tive and limbic-type functions. In particular, the cortex is thought to drive 
BG circuitry, not only through the striatum but also through the STN. It is 
not surprising that dysfunction of this nucleus generates clinical symptoms 

A B

C D

Fig. 1. Subthalamic nucleus. A The STN nucleus (red) is above the SNr (substantia nigra 
pars reticulate, dark blue), behind and medial to GPi (pallidum internus, pale blue), anterior, 
inferior and more medial to the Vim (ventral intermedius of the thalamus, green). B Coronal 
and C axial T2 weighted image showing the hyposignal of the Red Nucleus, the STN and 
the SNr. D Nissl stained coronal section of a Rhesus monkey brain showing the densely 
homogeneous cluster of subthalamic nucleus (STN) neurons surrounded by fi bers in the 
ZI zona incerta, IC internal capsule, FF fi elds of Forel. Scale bar = 100 μm. III: third ventricle
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and that it has become a therapeutic target. The STN is generally oval-shaped 
and lies on the inner surface of the peduncular portion of the white matter of 
the internal capsule (Fig. 1). More caudally, the medial part of the nucleus 
overlies the rostral portions of the substantia nigra complex. The STN has a 
high density of darkly Nissl-stained cells; its boundaries can be distinguished 
clearly from surrounding diencephalic structures. Each gives rise to several 
spiny dendritic processes, parallel with the rostrocaudal axis, and remaining 
within the boundaries of the STN. The dominant neurotransmitter associated 
with the STN cells is glutamate, which exerts extremely powerful excitatory 
effects on its target structures and could be a major driving force of the BG 
circuitry. The STN can be divided into distinct functional sectors: (i) a large 
sensorimotor dorsolateral, where cells have high spontaneous tonic activity 
with irregular bursts [8] and respond by increased fi ring to passive movement 
of the contralateral limbs; (ii) a small associative ventromedial, where cells are 
activated during visual oculomotor tasks; (iii) a limbic sector, occupying the 
medial tip of the nucleus, receiving inputs from limbic cortex and ventral 
 regions of the globus pallidus. The STN has major connections with primary 
motor cortex, the external segment of the globus pallidus (GPe), substantia 
 nigra pars reticulata (SNr) and the pedunculopontine tegmental nucleus 
(PPN); minor connections are with the striatum, intralaminar nuclei of the 
thalamus and various brainstem nuclei. STN has no projections to the cortex, 
which in turn provides a major input from layer V to the STN, mainly from 
primary motor cortex, and to a lesser extent, from prefrontal cortex. The STN 
cells project to either the internal segment of the globus pallidus (GPi) or the 
GPe, not to both. STN cells lying caudal and medial in the nucleus project to 
the GPi, while cells lying centrally in the nucleus project to the GPe. The 
STN sends excitatory inputs to both GPi and GPe but receives the heaviest 
inhibitory gabaergic inputs from the GPe only. The STN also projects to the 
other BG output nucleus, the SNr. There is also a direct but sparse STN pro-
jection to the SNc, which could still generate glutamate excitotoxicity in the 
parkinsonian condition. Since the STN projects to both the globus pallidus 
and SNr, which constitute the output systems of BG, prior to arrival of stri-
atal signals, it might infl uence the whole output of the BG. In view of recent 
experimental evidence, the PPN has become included by most authors in the 
BG scheme and might be a contributing factor in generating the overactivity 
of the STN in PD cases. Reciprocal connections between PPN and STN have 
been documented. STN cells project directly to the PPN (pars compacta por-
tion) and not elsewhere and receive in turn an excitatory cholinergic (and 
glutamatergic) projection.

3. PHYSIOLOGY OF STN

Dysfunction of the STN leads to motor  disorders. The lesion of the STN 
in humans induces hemiballism. Conversely, STN overactivity (oscillatory 
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bursts and synchronicity) induces PD  symptoms (akinesia, rigidity and trem-
or) [9]. Further, in PD patients and MPTP-treated monkeys, both lesion and 
HFS of the STN alleviate the PD symptoms, presumably by reducing the BG 
output. For these reasons, the STN is viewed as a centrepiece of pathophysi-
ology in PD and has become a popular surgical target for relief of motor 
symptoms.

DECISION-MAKING

The best indication for HFS, particularly for STN HFS, is the idiopathic PD, 
defi ned as the association of at least one of the triad symptoms and levodopa 
responsiveness.

1. CLINICAL INDICATIONS AND GOOD PROGNOSIS FACTORS

The best indication is for idiopathic PD patients in whom the main symptoms 
of the triad (bradykinesia, rigidity, and tremor) will be signifi cantly improved 
[5, 9–11]. The percentage of improvement with the best optimal antiparkin-
sonian medication or suprathreshold dose of levodopa is highly predictive of 
a similar improvement after optimal placement of the electrodes into the STN 
[5]. Severe levodopa-related motor complications are also signifi cantly im-
proved, which plays a major role in the improvement of the quality of life [6]. 
This is explained by the mechanism of dyskinesia induction, related to the 
pulsatile administration of levodopa.

2. CONTRAINDICATIONS

Dementia, as well as cognitive defi cits, are not improved by STN HFS. 
Moreover, they may be elements of an atypical parkinsonian syndrome, or 
the entrance of the patient in a stage of additional system degeneration, in 
particular, cholinergic, or their entrance in a stage of the disease where their 
quality of life will be mostly impaired by the cognitive disorder. All surgical 
contraindications (anticoagulants, terminal cancer, infectious disease and im-
munodefi ciency, etc.) apply to the selection of the patient for DBS in general. 
 Additional contraindications are related to the generation of high-frequency 
electrical side effects which may interfere with sensing devices such as in car-
diac pacemakers and defi brillators.

3. BAD PROGNOSIS FACTORS

Age, as in all surgical therapies is more or less negatively related to the gen-
eral outcome, but this varies for each patient.

Gait disturbance has to be taken into account in the decision-making 
process. When freezing (usually responding to levodopa when it is due to 
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bradykinesia) persists in the on-medication period, it is usually not improved 
by STN HFS (and might be improved by the low-frequency stimulation of 
the new PPN target [13]).

Speech is improved, but much less than the other motor symptoms [7]. 
Hypophonia present before surgery might be worsened after, particularly 
when the medication doses are signifi cantly decreased.

Atypical Parkinsonisms (multiple systemic atrophy, progressive supranu-
clear palsy) are usually not improved, at least not signifi cantly. This should be 
carefully balanced, the improvement of the motor symptoms being sometimes 
of a real value for the patients even for a relatively short period of time.

4. FREQUENTLY ASKED QUESTIONS

Previous ablative surgery (thalamotomy, pallidotomy, etc.) is not a contrain-
dication for DBS in general, and of STN in particular, provided that the abla-
tive procedure has not destroyed the target itself.

When a previous DBS (STN, other targets) has failed, while all selection 
criteria were fulfi lled to predict a benefi cial effect, it is always possible to 
 reimplant at other targets. Moreover, it is not even necessary to remove the 
ineffi cient electrode, situated by defi nition elsewhere than in the right target. 
We have reoperated several patients in whom the electrode was not satisfac-
tory or leading to side effects, and the new electrode was in all cases more 
effi cient and benefi cial.

SURGERY

1.  PREPARATION OF THE PATIENT AND LIST OF NECESSARY 
EQUIPMENT

The head is shaved, although some teams do not do so. Head, neck and supe-
rior part of the torso are scrubbed. The surgery is stereotactic, using a frame 
(Radionics, Leksell, Talairach, etc.), although some teams favour frameless 
stereotaxy, the advantages of which still are to be established. Intraoperative 
X-ray setup is used, but not by all teams. The use of stereotactic robots is still 
limited to high-tech centers. Intraoperative electrophysiology requires spe-
cifi c equipment (microelectrodes, data acquisition stages, data processing 
softwares) which are increasingly commercially available and user friendly; 
and skilled electrophysiologists DBS hardware is mandatory and currently 
available on the market from an increasing number of companies.

2. OPERATIVE TECHNIQUES

The procedure described in this chapter is the one followed in Grenoble and is 
applied to all targets (STN, GPi, Vim, PPN, subgenual cortex CG25). This does 
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not pretend to be the ultimate procedure to be followed, but just describes the 
state of the art of the method in our team. There are obviously other ways to 
perform it, as reported by other teams, as well as, depending on the future tech-
nical improvements, the method might evolve in our own team.

2.1 Preoperative imaging and planning

Stereotactic ventriculography is performed under general anesthesia, on a 
modifi ed Talairach frame, using four transcranial hollow screws (Dixi, Be-
sançon, France), allowing reproducible replacements, a biorthogonal tele X-
ray setup, and fl at digital detectors. Four pins held by verniers of the four 
posts of the frame are inserted into the holes of the screws. The millimetric 
values recorded on the verniers will be reused for subsequent repositioning of 
the patient in an exactly similar position. A Cushing cannula is inserted in the 
right frontal horn at 6.5 cm from the skin surface, using a twist drill (9 cm from 
nasion, 2.5 cm from midline). Two milliliter of air are injected to check its cor-
rect placement. X-ray images are acquired in a 12 s sequence, during the injec-
tion of 6.5 ml of contrast medium (Iopamiron, Schering). This is immediately 
followed by X-rays taken in the anterior-posterior direction, usually without 
any new injection of contrast medium.

Stereotactic MRI is performed within 24 hours, using a stereotactic MRI 
localizer made of plates containing an N-fi gure tube fi lled with copper sul-
fate, the dimensions of which are coherent with the stereotactic frame used 
for ventriculography and with the angiolocalizer features.

Planning is made by merging ventriculographic and MRI images and con-
structing the stereotactic target by graphic tools and subroutines of the 
 neuronavigation software.

The STN target construction is based on ventriculographic landmarks: an-
terior commissure (AC), posterior commissure (PC), height of the thalamus 
(fl oor of the lateral ventricle), and 3rd ventricle midline (Fig. 2, Table 1). This 
X-ray target is fused with the MRI images (3D axial T1 and coronal T2 
weighted, with contrast injection) imported into the Voxim software of the 
robotized arm (Neuromate), through the hospital image network.

Coherence of X-ray and MRI data is checked by matching two anatomical 
structures, AC and PC, clearly visible on both modalities. They usually 
match, but there is often a discrepancy, up to 2 to 3 mm between AC images 
for instance, stressing the still unsolved problem of MRI based localization.

If this is satisfactory, one checks the matching between the ventriculogra-
phy based theoretical STN target, and the T2 weighted MRI actual image of 
STN. If there is a signifi cant mismatch, the laterality is corrected. If the MRI–
ventriculography coherence is not satisfactory, the theoretical target is used 
alone. The MRI planning of the entry point must avoid the cortical vessels, 
the deep vessels in the sulci, if possible the ventricle, and the caudate nucleus, 
possibly related to postoperative confusion. The planning data are then ex-
ported to the Neuromate controller.
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2.2 Electrode implantation

Implantation track
It is performed under local anesthesia three days later. The patient is reinstalled 
on the frame, the pins reinserted into the hollow screws using the previous 

Table 1. Coordinates of the STN target

Antero-
post

Verticality
1/8º HT

Antero-
post

Verticality
(mm)

Laterality
(mm)

AC–PC
(mm)

HT
(mm)

 1/12º 
AC–PC

(mm)    

Mean 5.19 –1.25 10.91 –2.70 11.57 24.04 10.49
SD 0.70  0.70   1.47  1.51   1.76   2.68   1.55

Fig. 2. Robotized stereotactic procedure. The procedure is based on a robotized stereo tactic 
arm (upper left), physically linked to the stereotactic frame (upper right)  holding the head of 
the patient. The tool holder of the robot holds the microdrive insuring the intracranial pro-
gression of the microelectrodes. Stereotactic ventriculography performed in a biorthogonal 
teleradiological setup produces lateral (lower left) and antero-posterior (lower right) images 
with a low (1.05) magnifi cation coeffi cient allowing a precise indirect targeting, based on 
the statistical values of the coordinates of the successfully implanted electrodes, the precise 
location being confi rmed by the electrophysiological investigation
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vernier readings. The correct replacement is checked by X-rays. The Neuro-
mate is launched and reaches the preplanned position on the fi rst side to be 
operated (contralateral to the worst clinical side). An arciform skin incision 
(postero-medial concavity) is cut, centered on the entry point designated by the 
Neuromate. The scalp is elevated from the skull, a 6 or 9 mm burr hole is per-
formed, through the Neuromate tool holder. The electrode guide tool (Ben 
Gun with fi ve parallel channels, distantance of 2 mm from axis to axis) is intro-
duced down to the dura, which is not opened. The microelectrode guide tubes 
are introduced by perforation of the dura mater with sharp styletes and then 
lowered into the brain with blunt styletes, which are replaced by  microelectrodes 
(tip diameter, 1 μm; impedance, 1–10 MΩ, FHC, Bowdoinham, ME) in their 
own guide tubes, inserted at 15 mm above the target point, which is controlled 
by X-ray. They are connected to the electronic stages of the data acquisition 
and processing system (AlphaOmega Neurotrack) and moved  towards the tar-
get by a micromanipulator.

Microrecording of neuronal activities
The electrophysiological pattern of the STN units, as reported in literature 
[8], is made of asymmetrical spikes at rather high frequency, exhibiting burst-
ing patterns in PD. They respond to passive controlateral limb movements 
and proprioceptive inputs, and exhibit tremor synchronous activity. The 
length of recording in STN varies from 5 to 6 mm, between two silent zones 
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Fig. 3. Microrecording and stimulating electrodes. During a one stage procedure, microre-
cording of the neural activity is obtained during the progression of a set of fi ve microelec-
trodes (right side of the X-ray image), at different depths along the track. The STN target is 
recognized when the electrode records a high-frequency and high-amplitude spike activity 
(line 7 of the right image) after the neural silence typical of the Internal capsule (6 fi rst 
lines). The activity of the SNr is found deeper (line 9) and corresponds to the lower bound-
ary of the functional target. The corresponding microelectrode is then replaced by a chronic 
tetrapolar stimulator electrode (left side of the X-ray image)
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corresponding to white matter, the fi rst one between zero and 2 to 3 mm be-
low the AC–PC plane (subthalamic area and anterior zona incerta), the other 
one between 9 and 11 mm corresponding to the white matter just above the 
substantia nigra reticulata (SNR). SNR neurons fi re in regular, symmetrical, 
large amplitude spikes, generally unresponsive to external stimuli (Fig. 3).

Microstimulation is performed with the microelectrode used for record-
ing, with current intensities up to 10 mA for short (10–30 s). This essential 
step allows the observation of benefi cial effects (improvement of PD symp-
toms) inside the target and of side effects (limiting factors for effi cient 
 stimulation) outside of it. The rigidity of the wrist, not requiring patient 
participation, is the most convenient test to be semi-quantitatively scored 
by neurologists in the OR. Speech and akinesia are diffi cult to test 
 consistently over the whole duration of the surgery. Tremor is an excellent 
index but is often absent in advanced stages of PD. The side effects depend 
on the surrounding fi ber tracks. Laterally to the STN, muscular contraction 
(face and upper limb mostly) are induced by the excitation of cortico-spinal 
fi bers, and cortico-nuclear fi bers induce conjugated binocular deviation 
towards the contralateral side. More posterior, lemniscus medialis fi bers 
 induce paresthesias. Medially to the STN, and deeper, the oculomotor nerve 
induces monocular deviation, towards the midline, or either upward or 
downward. These side effects must be taken into account to avoid placing 
the chronic electrode in these places where postoperative side effects would 
limit the possibilities of effi cient stimulation.

When the best track (best benefi cial effects, least side effects, largest secu-
rity margin between thresholds for improvement and for side effects) has 
been identifi ed, the corresponding microelectrode is removed and replaced 
by a chronic lead (DBS 3389, 1.5 mm contact length, 0.5 mm spacing, 1.27 mm 
diameter), sutured to the rim of the burr hole (using a small oblique twist 
drill), and (after removing the other microelectrodes) embedded in dental ce-
ment, preventing CSF leakage as well as backward infection. The external 
part of the electrode is folded under the periosteum and the skin sutured.

The Neuromate is then aimed at the other side, for a similarly  preplanned 
procedure.

Postoperative imaging and IPG implantation
Three days later, postoperative MRI is performed as in the preoperative stage: 
the patient is replaced into the MRI localizer as after ventriculography, by 
resetting the readings of the four pins at the previously recorded data. Axial 
T1 and coronal T2 weighted sequences, performed without contrast, are im-
ported into the software for control and comparison of electrode positions. It 
is important to check the absence of any postoperative bleeding (subdural or 
intraparenchymal) and it provides a legal document. This systematic postop-
erative control has never induced any side effect or complications. This ob-
servation is important, as currently, the recommended threshold values of the 
SAR (surface absorption rate) are lowered for safety reasons, making it more 
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diffi cult to perform and jeopardizing the quality control of the surgical pro-
cedures. After the MRI examination, the screws are removed and the skin 
incisions are sutured with non-resorbent material.

Five days after electrode implantation, electrodes are connected under 
general anesthesia to low profi le extensions, tunneled (suffi ciently deep to 
prevent adhesion to the subdermal area of the skin of the neck) down to the 
subclavicular area (or, for cosmetic reasons, under the breast, using a subaxil-
lar incision) and connected to the implantable pulse generator (IPG; Kinetra, 
Medtronic, Minneapolis, MN) inserted in a subcutaneous pouch. After 
 haemostasis and local Rifampycine irrigation, the skin incisions are sutured. 
 Incisions must not cross or overlay implanted material. 

3. POSTOPERATIVE CARE

Programming
Programming is started by the neurologists during the week following IPG 
implantation.

There are not 64 combinations, but only 4: frequency at 130 Hz, pulse 
width at 60 μs, case positive, DBS contact negative. The voltage is set at 0 V 
and progressively increased while observing clinical benefi ts and side effects, 
subsequently investigating the four contacts. The typical setting is 2 to 3.5 V.

At the end, one, or sometimes two, contacts appear to be the best (highest 
threshold for side effects, lowest threshold for clinical improvement). Using 
this strategy, one cannot miss a good setting. Conversely, all possible combi-
nations of contacts and parameters cannot transform a failed surgery into suc-
cess. Properly setting the balance of stimulation parameters and drug doses is 
the responsibility of the neurologist, whose task strongly depends on the ac-
curacy of implantation.

When the best contact has been selected, it is convenient to increase the 
voltage progressively over several days to avoid the dyskinesias. They tend to 
amend and particularly their threshold increases along time. At the same time, 
the medication, already signifi cantly reduced before the operation, is further 
decreased in accordance with the clinical improvement, and set as a compro-
mise value, low enough to prevent the appearance of dyskinesias, and high 
enough to prevent apathy and hypophonia.

Surgical postoperative care
Usually, patients are returned to their room in the ward and closely followed-
up by the nurses and the resident. As surgery was done under local anesthe-
sia, patients are awake and if their level of alertness permits, they may even 
have a light food and liquid intake. There is normally no need for analgesic 
medication, and depending on the off clinical level, medication can be repre-
scribed by the neurologist. The wounds are checked regularly and the sutures 
removed on day 10.
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There might be confusion in 20% of the patients, spontaneously regress-
ing within 3 days to 3 weeks.

When the patient is alert immediately postoperatively, quite often the 
clinical status is improved, due to a postoperative microlesioning effect which 
tends to heal within 2 or 3 weeks, and allowing during this time a decreased 
drug regimen.

4. LONG-TERM RESULTS

4.1 Clinical improvement at six months [6]

In an unblinded randomized-pairs trial on 156 patients under 75 years of age 
with advanced PD and severe motor symptoms, neurostimulation of the STN 
plus medication was compared to medical management [5]. The primary end 
points were the changes from baseline to six months in the quality of life 
(Parkinson’s Disease Questionnaire, PDQ-39), and the severity of symptoms 
without medication (Unifi ed Parkinson’s Disease Rating Scale, part III, 
 UPDRS-III).

Pairwise comparisons from baseline to six months showed that neuro-
stimulation, as compared with medication alone, caused greater improvements 
in the PDQ-39 (50 of 78 pairs, P = 0.02) and the UPDRS-III (55 of 78, 
P < 0.001), with mean improvements of 9.5 and 19.6 points, respectively. Neu-
rostimulation resulted in improvements of 24 to 38% in the PDQ-39 sub-
scales for mobility, activities of daily living, emotional well-being, stigma, 
and bodily discomfort and 22% improvement in the physical summary score 
of the SF-36, a generic quality-of-life scale.

The mean UPDRS-III score improved by 41% in the off medication state 
(from 48.0 ± 12.3 at baseline to 28.3 ± 14.7 at six months) and by 23% in the on 
medication state (from 18.9 ± 9.3 at baseline to 14.6 ± 8.5 at six months). UP-
DRS-II markedly improved (by 39%). The mean PDQ-39 summary index 
score improvement was 23.9% (41.8 ± 13.9 at baseline and 31.8 ± 16.3 at six 
months), the dyskinesia scale obtained while the patient was not taking med-
ication improved from 6.7 ± 5.3 to 3.1 ± 3.5 (54%).

The dopaminergic equivalents were reduced by 50%. The amplitude of 
stimulation was 2.9 ± 0.6 V; the frequency, 139 ± 18 Hz; and the pulse dura-
tion, 63 ± 7.7 μs.

4.2 Clinical improvements at five years [10]

Off medication evaluation in the off medication state
STN stimulation improved the total score of UPDRS-III, as compared to the 
baseline value (55.7 ± 11.9), by 66% at one year, 59% at three years and 54% 
at fi ve years. At fi ve years, the improvement compared to baseline was 75% 
for tremor, 71% for rigidity, and 49% for akinesia. Postural stability and gait 
also improved, but speech improved only during the fi rst year and then pro-
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gressively returned to the baseline at fi ve years. The total score of UPDRS-II, 
as compared to baseline value (30.4 ± 6.6%), improved by 66% at one year, 
51% at three years, and 49% at fi ve years, the worsening between one and 
fi ve years was signifi cant (P < 0.001).

The improvement was dramatic, postoperatively in the off medication 
condition, at fi ve years. Most patients were independent in the activities of 
daily living in the off medication condition (mean score on Schwab and 
England’s scale, 73%), whereas before surgery most had been fully dependent 
on a caregiver (Schwab and England’s scale, 33%). Before surgery, off medi-
cation painful dystonia was observed in 71% of the patients, while it was 
present in only 19% at one year and 33% at fi ve years.

On medication evaluation
Motor function and activities of daily living in the on medication state did not 
improve after the stimulation of the STN, there were no signifi cant changes 
for tremor and rigidity but scores for akinesia, speech, postural stability, and 
freezing of gait worsened (P < 0.001), which resulted in the worsening of the 
total score of UPDRS-III and -II. Schwab and England’s score was un-
changed, and compared to the baseline, the disability related to dyskinesia 
decreased by 58% and its duration by 71%. Twenty-nine of 42 patients (69%) 
had levodopa-induced dyskinesias before surgery, and only four at three 
months and two at fi ve years.

Neuropsychological evaluation
There were no signifi cant changes on the Beck Depression Inventory, the 
Mattis Dementia Rating Scale was worse at fi ve years refl ecting progressive 
dementia in three patients, but the changes were not signifi cant (131 ± 18 ver-
sus 136 ± 10 at baseline, P = 0.07). The average score for frontal lobe function 
was slightly worse at fi ve years. (37.3 ± 11.2 versus 40.4 ± 9.2, P = 0.03).

Medications and stimulation settings
The levodopa equivalent daily dose decreased from 1409 ± 605 mg at baseline 
to 584 ± 366 mg at one year, 526 ± 328 mg at three years, and 518 ± 333 mg at fi ve 
years (P < 0.001). At fi ve years, 11 or 42 patients (26%) were no longer taking 
levodopa and three were not taking any dopaminergic drugs. The stimulation 
settings after one year (2.8 ± 1.6 V, 143 ± 19 Hz, 61 ± 6 μs) were not signifi cantly 
different at fi ve years (3.1 ± 0.4 V, 145 ± 19 Hz, 64 ± 12 μs). Monopolar stimula-
tion was used in 90% of patients at one and fi ve years, only one patient re-
quired replacement of the stimulators within the fi ve fi rst years.

5. COMPLICATIONS

Three-hundred and twenty-fi ve consecutive bilateral STN cases operated 
since 1993 (97.5% bilaterally operated patients, 641 implanted sides) have 
been reviewed. All adverse (complications and side effects) effects (AE) 
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have been considered, regardless of their severity, in an attempt to be ex-
haustive. AE have been classifi ed as follows:

Benign: asymptomatic (e.g. only MRI visible), no need for a prolonged • 
stay, no need for reoperation 
Signifi cant: symptomatic, need for prolonged stay or reoperation, but • 
no permanent defi cit 
Severe: symptomatic, needing reoperation or specifi c treatment, per-• 
manent defi cit.

The number of patients without any complication is an important 
parameter.

57.5% of the STN patients had no AE, 42.5% had (at least one) AE: 19.8% 
severe, 32.5% signifi cant, 47.7% benign. 7.4% are related to ventriculography 
and frame setting, 20.9% to electrode implantation, 13.5% to IPG and hard-
ware, and 31.1% to stimulation. Infections (4.4% of cases: 1.1% severe, 1.3% 
signifi cant, 1.9% mild or benign) are mostly superfi cial, hardware related.

Haemorrhages (8.4% of cases: 3.4% asymptomatic only MRI visible, 
4.4% transient, 0.6% permanent) are mostly at the entry point or subcortical, 
rarely in the target.

Neuropsychological and behavioral complications occurred were multi-
factorial, partly related to treatment changes and to societal issues. Transient 
hypomania developed in 8%, and transient apathy in 5%, responding to 
medication. Apathy did not respond to dopaminergic treatment in 12% and 
dementia appeared in three patients (7%) between the third and the fi fth year. 
24% exhibited transient postoperative confusion, 17% postoperative depres-
sion, there were 1.3% of suicide attempts, and only one (0.2%) suicide. 31% 
of patients had eye lid opening apraxia at three months, 19% at fi ve years 
Stimulation-induced dyskinesias was reversible by decreasing the voltage. 
Most of the patients gained weight (mean, 3 kg; maximum, 5 kg). Three pa-
tients died (1 three years after a postoperative intracerebral hemorrhage, 1 
myocardial infarction eleven months after surgery, and 1 suicide six months 
after surgery).

HOW TO AVOID COMPLICATIONS

The higher morbidity of STN surgery (compared to GPi or Vim) does not seem 
to be related to the duration of surgery (STN and GPi procedures are equiva-
lently long), to the number of passes (both STN and GPi targets are targeted by 
the same procedure). The difference might be due more to the entry point, tar-
get, age and disease. There are biases such as the evolution of the methods, the 
careful record of adverse effect along time, and the multiplicity of operators.

Implantation-related complications could be avoided using a very careful 
planning on MRI, to avoid the vessels, the sulci (which contain a high density 
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of vessels), the caudate nucleus (where preliminary data suggest that its bilat-
eral traumatism by the exploring tracks during the microrecording might 
cause postoperative confusion), and fi nally the ventricle (where some vessels, 
such as the thalamo-caudate vein, may be hit). Also, the re-entry of the can-
nula and electrodes into the parenchyma at the level of ependyma might be a 
cause of deviation of electrodes. Targeting on MRI, to be reliable, assumes 
that the brain is in the same situation than it was at the time of the acquisition 
of the images. This is defi nitely not the case when the dura is opened, which 
might cause a loss of CSF, which is sometimes signifi cant. This is why the 
dura is not opened but just punctured by the guide tubes, preventing CSF 
leakage. Opening the dura is usually performed to observe cortical vessels, 
sparing them or allowing coagulation. This is actually a false security, as the 
vessels situated in deeper layers, and in the sulci, are not visible.

Hardware-related complications must be prevented by the improvement 
of the hardware design. This must be required from the companies under the 
advices of the surgeons: for instance, the shape and size of the transcranial 
screws used in our procedure have been modifi ed, and the extra-skull part is 
better long than short in order to avoid that the scalp covers them and creates 
infl ammation with an opportunity for external to internal infection. Low- 
profi le extensions are currently provided, and we may expect new perspec-
tives in nanotechnologies, leading to miniaturized systems. The hardware 
must not be crossed or overlaid by the incisions, it must be placed under the 
periosteum or the aponevroses in order to prevent their migration towards 
the surface. The leads and extensions must be tunnelled suffi ciently deep to 
prevent adhesion to the subdermal area of the skin of the neck.

Duration of surgery, microelectrode recording, number of passes, are 
poorly related to the clinical outcome and to the complication rate, although 
several publications have addressed this issue [8].

The neurocognitive complications are multifactorial. A careful inventory of 
the preoperative neuropsychiatric episodes (depression, delusion, suicide at-
tempts or ideas, etc.) may help eliminating patients who could be predicted to 
impair along the various surgical steps. Postoperative societal changes may be 
responsible, at least partly, for depression and even suicide. The patients cannot 
cope with the important life, social, familial, professional, changes to which they 
have not been prepared. Serious pre- and postoperative psychological prepara-
tions should help them to readapt in is why they are not so clearly reported after 
ablative surgery, where, in particular due to more often unilateral procedures, 
the results are not so visible. Depression and suicide are also observed in all sur-
geries signifi cantly improving the patients, such as breast plastic surgery, as well 
as after recovery of freedom for long-term prisoners. These changes are more 
related to the magnitude of the improvement than to the target.

The stimulation related complications can be improved by optimal elec-
trode placement of the avoiding diffusion to neighbouring structures responsi-
ble for adverse effects, which limit the stimulation voltage. Clear recognition of 
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the combined roles of stimulation and medication, can prevent some neurocog-
nitive side effects: for instance, speech might be impaired by dysarthria induced 
by stimulation of the cortico-nuclear fi bers in the internal capsule leading to the 
contraction of the laryngeal muscles, hypophonia might be related to the de-
crease of medication, not suffi ciently compensated by the STN HFS induced 
improvement of speech [7]. Similarly HFS induced dyskinesias can be alleviat-
ed by decreasing either the drug dosage or the stimulation voltage.

Comparing the main targets, severe and signifi cant adverse effects are more 
frequent in STN (22.2% of 325 patients) than in GPi (7.9% of 63  patients) and 
in Vim (8.6% of 138 patients). The reason might be that most STN  patients 
have a long history of PD, are older, in a severe condition. Vim  stimulation was 
performed in younger patients, mostly with tremor only and therefore in a 
better condition. GPi stimulation also involves young patients with dystonia, 
and the anatomical situation of GPi is less critical than for STN.

The number of complication-free patients clearly increased along the se-
ries of 300 bilateral STN cases, from 37.3% to 72.7% between the fi rst and 
the last groups of 150 cases. The reason is unclear and could be due to a tech-
nical improvement (such as redesigned bone screws), to a more systematic use 
of MRI to determine the entry point in the last 150 patients, or to a less care-
ful record of complications.

One must also consider, from the point of view of the intention to treat, 
the complications which happened during the selection or pre-implantation 
phases of patients who were fi nally not operated. This accounted for 2.6% of 
complication (haemorrhages, coagulation problems, cognitive breakdown) in 
540 cases including all indications and all targets.

CONCLUSIONS

The STN is currently the fi rst-choice target for treatment of advanced PD 
cases, although a good double-blind controlled study to precisely establish the 
respective values of the internal pallidum and of STN is still lacking. This 
prominent position of STN as the most favored target is due to the  following:

Its strategic anatomo-functional situation, which makes it a central • 
station, where several circuits and networks intercross and interact.
Its MRI visibility.• 
Its typical microelectrode recording pattern.• 
Its relatively small size.• 

These advantages are also counteracted by drawbacks for the same  reasons.

Small size: the benefi cial motor effects are associated to side effects • 
due to the simultaneous involvement of other functions, such as mood 
in particular.



251

FUNCTIONAL NEUROSURGERY FOR PARKINSON’S DISEASE

Easy spreading of the current to internal capsule (motor side effect), • 
lemniscus medialis (sensitive side effects), oculomotor nerve fi bers 
(ocular deviation), hypothalamus (behavioral changes).

The clinical effects are depending upon careful patient selection, accuracy of 
placement of the electrodes, delicate balance between medical treatment and 
stimulation.

Complications seem more frequent than in the thalamus or in the palli-
dum, because again of its small size and situation, which would call for a bet-
ter electrode design.

Despite the general agreement that STN is the best target and that STN 
stimulation is the most effi cient surgical treatment for advanced PD cases, 
the best reported improvement ratios (about 70%) could be increased, 
the  coverage of symptoms could be optimized and the side effects could 
be  reduced. This calls for improvements at several technological levels, 
including progresses in MRI visualization, correction of the MRI distor-
tion, improved electrophysiological methods to delineate the functional 
target (such as  online more sophisticated data processing), new design of 
electrodes aiming at the three-dimensional steerable stimulated volume, 
new paradigms and  waveforms pulses, multiple targets simultaneously
implanted, optimized hardware  design to decrease the extracerebral 
complications.

Keeping in mind that deep brain stimulation techniques are not aimed at 
becoming the unique treatment of neurodegenerative diseases, but are indi-
cated in advanced cases, unless their neuroprotective effect would be demon-
strated, which is not currently the case, one should resist the temptation of 
making these techniques too fast and expedite at the expense of the patients’ 
benefi t, which remains the only goal of these approaches.
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FUNCTIONAL NEUROSURGERY 
FOR DYSTONIAS

M. I. HARIZ

INTRODUCTION

Dystonia is a term fi rst used by Oppenheim in 1911 to describe a peculiar move-
ment and posture disorder in children. Dystonias consist of involuntary move-
ments with spasmodic, often painful, muscle contractions and twisting repetitive 
movements and/or abnormal postures. Dystonias are classifi ed according to 
several criteria [5]: Primary (previously called  idiopathic torsion dystonia or dy-
stonia musculorum deformans), that can be hereditary (most often due to DYT1 
mutation on chromosome 9) or non-hereditary, or secondary dystonias due to 
trauma, infection, stroke, metabolic abnormality, neuroleptic-induced, etc. Dy-
stonia is also classifi ed  according to age of onset (early or late onset) or according 
to involved body parts (generalized, focal, multi-focal, segmental, hemi-dysto-
nia). The most common dystonia is cervical dystonia, even called spasmodic 
torticollis for which surgery has been performed since the early 20th century, 
with myotomies as well as intradural procedures such as sectioning of accessory 
nerve roots and anterior rhizotomy of C1–C2 (McKenzie and Dandy-Foerster 
procedures), and later on microvascular decompression of the accessory nerve 
roots (Jannetta procedure). These methods have yielded inconsistent results, 
which, together with the high risks of complications, especially concerning 
swallowing, have prompted a shift towards use of other more lenient techniques 
[2]. Cerebellar, and epidural cervical stimulation have been tried but abandoned. 
With the advent of stereotactic techniques, safe and precise surgery on basal 
ganglia and thalamus became possible and surgical treatment was attempted not 
only for cervical but also for generalized dystonia. Cooper reported one of the 
fi rst attempts at treating this disorder with chemopallidectomy in 1956. Eventu-
ally, Hassler and Cooper advocated thalamotomies in ventral oral nuclei for 
both cervical and other focal and generalized dystonias, although here too the 
results were inconsistent, and the side effects in bilateral thalamotomies were 
frequent [3]. Nevertheless, unilateral thalamotomy has been widely used for 
some time, including in children in the seventies and eighties. Today ventral oral 
thalamotomy is rare but still used by Taira in Japan for focal hand dystonia. 
Deep brain stimulation (DBS) in thalamus and subthalamic area, including in 
pallido-fugal fi bers has been tried in the 70s by Mundinger in Germany and also 

Keywords: dystonia, peripheral denervation, Bertrand procedure, deep brain 
stimulation, pallidum, stereotactic surgery, movement disorders
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by Cooper but was abandoned because of the cumbersomness of the technique 
and because of problems with the hardware [11]. Owing to still sub-optimal and 
inconsistent results of stereotactic procedures, especially for torticollis, Claude 
Bertrand from Montreal proposed in 1978 the combination of  thalamotomy and 
selective peripheral muscle denervation, and in 1984, he abandoned completely 
thalamotomy in favor of solely selective peripheral denervation, that came to be 
later called “the Bertrand procedure” [1, 2].

Following the good results of “Leksell’s posteroventral pallidotomy”, res-
urrected by Laitinen in 1992, on parkinsonian dyskinesias, pallidotomy was 
tried on few patients with generalized dystonia by Iacono and Lozano in the 
mid-90ies. However, since DBS in the pallidum, then in the subthalamic nu-
cleus (STN), overtook pallidotomy as main surgical treatment for  Parkinson’s, 
DBS was tried in same posteroventral pallidal target of Laitinen fi rst by 
Coubes in 1996 on a child for severe generalized dystonia, then by Krauss in 
1999 on patients with cervical dystonias. Especially the dramatic effects ob-
tained by Coubes on generalized dystonia [4] prompted the worldwide spread 
of this technique in surgical treatment of several types of dystonias. Thus, 
today the two main surgical methods used are, in order of importance and 
spread, globus pallidus internus (GPi) DBS for virtually all types of dystonia–
albeit with variable results depending on the nature of the dystonia–, and 
Bertrand’s selective peripheral denervation for some types of cervical dysto-
nia. These two methods will be described in this chapter.

RATIONALE

There is no medical or surgical cure for dystonias and any treatment is 
 therefore only symptomatic. The goal of surgery is to alleviate the painful 
muscular spasms and involuntary contractions, to facilitate re-establishing of 
normal movements and normal postures of affected body areas, and thereby 
to improve the disability of the patient. Depending on the distribution of 
dystonia, one can perform a peripheral denervation (reserved for certain types 
of spasmodic torticollis) or a stereotactic procedure targeting the GPi or, 
more rarely, the motor thalamus.

While the rationale for selective denervation of the main muscles involved 
in cervical dystonia is obvious, the rationale for pallidal surgery is still not 
fully elucidated. It has been long known that dystonia results from pallidal 
dysinhibition of the thalamo-cortical circuitry, and stereotactic surgery has 
been directed towards interruption of the pathways from pallidum to thala-
mus at various levels with lesions targeting GPi, pallido-fugal fi bres of ansa 
and fasciculus lenticularis, Forell’s fi eld, ventral oral nuclei of thalamus, and 
centre median [11].

Recent studies of dystonia patients have demonstrated abnormally reduced 
excitability of inhibitory connections within the brain and spinal cord, and 
reduced intracortical inhibition in patients with DYT1 dystonia, which may 
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disturb normal movement by failing to suppress unwanted movements [6]. 
PET studies have shown overactivity of prefrontal areas and reduced activity 
of primary sensorimotor cortex during voluntary movement in patients with 
primary generalized dystonia. It is believed that this abnormal cortical activity 
is the result of a decreased thalamocortical inhibition due to a pathologically 
decreased inhibitory activity of the GPi, which is one main output structure of 
the basal ganglia projecting to the thalamus. This pathological basal ganglia 
function has been confi rmed by microelectrode recording (MER) studies of 
pallidal activity in dystonia patients undergoing stereotactic surgery. MER 
showed reduced fi ring rates and irregular fi ring patterns compared to fi ndings 
of MER in patients with Parkinson’s disease. Furthermore, it has been shown 
that neuronal fi ring in the GPi correlates with EMG activity from dystonic 
extremities [6], and local fi eld potential recordings from GPi have shown low 
frequency oscillatory activity that correlates with dystonic contractions on 
EMG. Hence, abnormal neuronal fi ring patterns and excessive low frequency 
oscillations in GPi, affecting negatively cortical motor function may be a 
pathophysiological hallmark of dystonia and may provide the rationale for 
surgery directed at silencing the pathological outfl ow of the GPi.

DECISION-MAKING

1. DIAGNOSTIC CRITERIA

The diagnosis of dystonia is mainly clinical and is sometimes obvious but 
often not. The mere fact that in the title of this Chapter, Dystonias, is in the 
plural form bears witness to the heterogeneity of this condition. The diagno-
sis of this illness – as well as the indications for surgery – should be discussed 
together with an experienced movement disorder neurologist, and it is be-
yond the scope of this Chapter to provide detailed diagnosis of all the forms 
of dystonias. For this, appropriate literature should be studied [5].

From neurosurgical point of view, it is primordial to establish fi rst if the 
disorder is indeed a dystonia, and if the symptoms are purely “extrapyrami-
dal” or if they also refl ect affection of cortico-spinal pyramidal tract (paresis, 
spasticity, atrophy), which is not uncommon especially in secondary dysto-
nias. Of equal importance is to establish that the disorder is not psychogenic, 
which also is not too rare in dystonia-like disorders. In case of torticollis or 
other focal dystonias, a history of previous or current treatment and its effect 
is important in the diagnosis, especially the response of the symptoms to bot-
ulinum toxin injections. Once the dystonic symptoms and signs have been 
documented including their onset, evolution, distribution in various parts of 
the body-focal, multi-focal, segmental, generalized- etc., it is very important 
from diagnostic and surgical prognostic points of views to establish whether 
this is a primary or secondary dystonia. Appropriate genetic tests should be 
taken as there are at least 15 different subtypes of dystonias that can be distin-
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guished genetically (viz, DYT 1 mutation in primary generalized dystonia, 
DYT 11 mutation in myoclonic dystonia, DYT 3 mutation in the rare form of 
Lubags dystonia, etc.). In suspected cases of non-primary dystonia, the etiol-
ogy should be sought through careful history of previous diseases and events 
since birth, including history of previous anoxia, encephalitis, trauma, treat-
ment with neuroleptic, etc., together with laboratory tests for the various 
metabolic, mitochondrial, enzymatic and other disorders that may provoke 
dystonia. A MRI of the brain is mandatory to rule out or confi rm structural 
damage anywhere, especially in basal ganglia and thalamus, which if found, 
will by defi nition confi rm that the dystonia is secondary, and if not found 
may indicate, but not confi rm, that the dystonia is primary.

2. INDICATIONS

The “best” indications are in patients with pure primary dystonia of the mo-
bile type, i.e., in hyperkinetic dystonias. The “worst” indications are in sec-
ondary dystonias with severe affection also of corticospinal pathways or with 
fi xed postures and orthopedic deformities. In cervical dystonia, the indica-
tions for which surgery, DBS or peripheral selective denervation, depend 
among other issues on pattern of torticollis and on which muscles of the neck 
that are affected.

The preoperative assessment should include a detailed history of the ill-
ness and a comprehensive neurological and general examination of the pa-
tient, not forgetting palpation of the affected muscles (especially important in 
patients with cervical dystonia), and evaluating possible muscular contrac-
tures and skeletal deformities of limbs and spine. During examination, one 
should attempt to distract the patient to evaluate any psychogenic component 
of the symptom, and also attempt to mentally stress the patient to verify ex-
acerbation of symptoms. Tasks such as walking, undressing, removing shoes 
and socks, pouring liquid from a cup, drinking, writing, talking and other fi ne 
motor movements should be investigated in the examination room, to assess 
the impact of dystonia on these daily activities. A minimental state examina-
tion should be carried out as well as a short evaluation of mood and behavior. 
A scoring of the symptoms and of the functional disability using validated 
scales including a standardized video of the patient are very important. The 
Burk-Fahn-Marsden dystonia rating scale [13, 14] is a commonly used one 
for generalized dystonia while for cervical dystonia, other scales such as Tsui 
rating scale [12], or  Toronto western spasmodic torticollis rating scale 
(TWSTRS) [9, 11] can be used. A MRI of the brain (and in relevant cases of 
the spine too) is mandatory.

Primary generalized dystonias, with or without the DYT1 mutation, are 
good indications for pallidal DBS, which will sometimes have a striking effect 
especially on the mobile components of the dystonia. The same applies for 
myoclonic dystonia. Among the secondary dystonias, neuroleptic-induced 
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tardive dyskinesia is also a good indication for pallidal DBS, as well as dysto-
nia due pantothenate kinase associated neurodegeneration (PKAN, former 
Hallervorden-Spatz syndrom), even if the latter can exhibit associated non-
dystonic symptoms and intellectual impairment. Secondary dystonias that 
develop following encephalitis or post-anoxic may also benefi t from pallidal 
DBS but to a much lesser degree due to the severity of the symptoms and the 
multifactorial impairment of the patient.

Cervical dystonia may also be a good indication for pallidal DBS. 
 However, some types of cervical dystonia such as laterocollis, retrocollis, 
latero-retrocollis, may be amenable to treatment by selective peripheral den-
ervation. A simultaneous 4 channels EMG of left and right neck muscles 
should be obtained, especially EMG of sterno-cleido-mastoid (SCM) mus-
cles, splenius, semi-spinalis and upper trapezius. A selective peripheral den-
ervation should not be considered if the dystonia affects other parts of the 
body than the neck, and if concommittant dystonic tremor of limbs is pres-
ent, nor if there is an anterocollis with affection of anterior muscles of the 
neck and scalenic muscles. Sometimes a selective nerve block with lidocaine 
of affected muscles may help in diagnosis and in predicting the effect of sub-
sequent selective denervation.

A detailed and comprehensive discussion of the pros and cons of surgery, 
including type of surgery, time in hospital, effects and possible side effects 
and complications, requirements for after-care, etc. should be carried out 
with the patient and the relatives. Emphasis should be put on the expectations 
from surgery. A realistic description should be provided concerning what 
may be ameliorated by surgery and at what risks, and what cannot be. It 
should be made obvious that in case of fi xed postures with orthopedic defor-
mities, one should not expect an improvement in that particular area. It should 
also be made clear that surgery will not “cure” the dystonia.

In cervical dystonia, a cervical pathology with disc herniation, sublux-
ation should be excluded. If a peripheral denervation in the sitting position 
is planned, because of the risk for air embolism in the sitting position, a 
 screening for persistent foramen ovale should be made and appropriate 
intraoperative monitoring for dealing with air embolism including cen-
tral venous catheter and oesophagus ultrasound probe should always be 
available.

SURGERY

1. PROCEDURES

1.1 Bertrand’s procedure

In case of patients with torticollis, laterocollis, or retro-torticollis presenting a 
clinically and EMG verifi ed affection of a unilateral sterno-cleido-mastoideus 
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(SCM) (rare) or more commonly, concommittant affection of one SCM and a 
contralateral – or bilateral – semispinal and splenius muscles, the Bertrand 
procedure can be tried. This involves a selective denervation of the SCM on 

A

B

Fig. 1. A Patient on general anesthesia in a sitting position, in view of a Bertrand’s proce-
dure: a linear midline incision from occiput to C6 is planned as well as an incision along the 
posterior border of the left sterno-cleido-mastoid muscle. B Same patient as in (A), with two 
neurosurgeons operating in parallel (Dr. Bergenheim and Dr. Hariz), one denervating the left 
sterno-cleido-mastoid muscle and the other preparing for dorsal ramisectomy C1–C6
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one side and a unilateral or bilateral dorsal ramisectomy from C1 through C6. 
This procedure, such as performed by the author together with Professor 
Tommy  Bergenheim at the University Hospital of Northern Sweden in Umea, 
is described:

Under general endotracheal anesthesia, the patient receives a central ve-
nous catheter and an intra-oesophageal ultrasound probe, after which the pa-
tient is placed sitting with appropriate cushions and with head slightly fl exed 
and held fi rmly in a Mayfi eld 3-pin head holder. After scrubbing and drap-
ping, a linear midline incision from occiput to C6 is planned as well as an inci-
sion along the posterior border of the affected SCM muscle, from the mastoid 
down to just above the clavicle (Fig. 1A). It is important to use anesthesia 
without muscle relaxant in order to permit intraoperative electrical stimula-
tion of the nerves. It is also an advantage, time wise and otherwise, for patient 
and operative staff, that two neurosurgeons operate in parallel, one denervat-
ing the SCM and the other performing the dorsal ramisectomy, as shown in 
Fig. 1B.

For the SCM, it is very useful to identify fi rst the sensory auricularis major 
nerve, which runs at the superfi cial aspect of the SCM crossing it from poste-
rior to anterior, because this is a landmark to fi nding at that level, but in 
deeper layer, the accessory nerve (Fig. 2). The accessory nerve is verifi ed by 

Post

SCM muscleAccessory nervebranch to SCM

Ant

SCM muscle Bipolar stimulator Auricular magnus nerve

Fig. 2. Dissection of the branches of the left accessory nerve that innervate the left ster-
no-cleido-mastoid (SCM) muscle. Bipolar stimulation is applied on one of these branches, 
prior to sectioning it, to ascertain that it innervates selectively the SCM. Ant anterior, Post 
posterior
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bipolar electrical stimulation with 3–5 Hz that will provoke violent jerks of 
the shoulder. This nerve must be spared in order not to affect the patient’s 
ability to abduct and elevate the arm. The accessory nerve is then dissected 
caudally and cranially and its branches innervating the SCM are identifi ed 
visually (Fig. 2) and by electrical stimulation that will provoke jerks limited 
to the SCM. When such a branch is verifi ed, it is bipolarly cautherized and 
sectioned, and its distal end that looses itself into the body of the SCM is 
avulsed. After all visible branches have been identifi ed, cut and avulsed from 
the muscle, the SCM is sectioned in two parts that are fl ipped one upward and 
one downward, revealing the deeper medial aspects. There too dissection and 
stimulation of eventual visible branches are undertaken to fi nd additional se-
lective innervation to the SCM. At the end of the procedure, the two sec-
tioned parts of the SCM are adapted to each other with continuous Vicryl or 
Dexon.

The posterior ramisectomy is perfomed in parallel (if two surgeons are op-
erating). Following incision from occiput to C7 level, the muscles are sepa-
rated sub-periostally from the laminae as for a laminectomy. However, the 
separation of the muscles should extend very laterally as to reach beyond the 
intervertebral joints, without too much strain and pulling on the muscles, and 
hence on the rami posterior, in order not to affect their ability to react to 
nerve stimulation. It is an advantage to start with dissection of the rami pos-
terior of C1, using the microscope. The posterior branch of C1 is identifi ed 
on the lateral posterior aspect of the dorsal surface of the C1 lamina, just in-
fero-posterior to the vertebral artery (Fig. 3), the integrity of which must be 

Vertebral artery

C1 micro-sucker

Fig. 3. Microscope view of the left ramus posterior of C1, running just infero-posterior to 
the vertebral artery
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absolutely spared. Here some venous plexa may be bothersome, but with a 
combination of micro-dissection, gentle bipolar coagulation and use of small 
pieces of oxycel cotton to obliterate venous plexa, the dorsal C1 ramus can be 
identifi ed at the lateralmost aspect of the C1 lamina. The ramus is followed 
laterally and stimulated whereby contraction of adjacent posterior muscle 
should be obtained. Care should be taken to verify that it is really the poste-
rior ramus by asking the anesthesiologist to verify that there are no contrac-
tions of the throat upon stimulation of that branch. Also care should be taken 
not to stretch too much the posterior branch because it will pull also on the 
anterior branch provoking a postoperative swallowing diffi culty. Once the 
posterior branch of C1 has been identifi ed, it is bipolarly cauterized then 
sectioned as lateral as possible, and its distal part entering the muscle is 
avulsed. The posterior ramus of C2 is much thicker, in fact it is the thickest of 
all the rami from C1 to C6. It is easy to visually identify medial to the in-
tervertebral joint, running right above the arch of the axis, and sometimes it is 
itself split in two branches. Again, after dissection and isolation, bipolar stim-
ulation is applied to verify jerks in adjacent muscles before it is sectioned and 
its distal end avulsed and sent for histopathology, along with all other avulsed 
ramii. The posterior rami of C3–C6 run immediately lateral to the facet joints. 
The same procedure of dissection, stimulation, section and avulsion is per-
formed in same manner until the rami posterior of C6 are identifi ed and pe-
ripherally avulsed.

The procedure of dorsal ramisectomy is performed bilaterally if indicated, 
such as in cases of retrocollis. It is worth remembering that dorsal rami of 
C2–C6 innervate the splenius muscles, and C1 to C6 innervate the semispinal 
muscles. Other muscles as well are innervated by some of the dorsal ramii in 
question such as the rectus capitii, oblicus capitii, and longitissimus capitii. 
When one can no longer fi nd dorsal ramii that respond to stimulation, sur-
gery is terminated by generous irrigation, bipolar cauthery of small bleedings 
and if needed use of small patches of oxycel cotton, before closure in layers of 
muscles and skin. No drainage is needed.

The sitting position has the advantage of easy access and comfort for the 
surgeon, and provides a clear view since eventual small bleedings and oozings 
will not disturb the vision. The disadvantage is the risk for air embolus, and 
in parallel with that, the inability for the surgeon to identify bleeding from 
paravertebral venous plexus, especially around the rami of C1, that should be 
attended to before closure of the wound. Therefore, the anesthesiologist 
should be asked now and then during the procedure to exert some pressure 
on both sides of the neck to increase the venous pressure and thereby reveal 
to the surgeon eventual small bleeding from venous areas that need to be at-
tended to before closure of the wound.

Postoperatively, the patient should be observed in a high dependency unit, 
with monitoring of vital signs as well as of speech, swallowing and checking 
for sub-cutaneous haematoma especially in the region of the SCM incision.
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1.2 Pallidal DBS

The present author uses a strictly MRI-guided surgery in general anesthesia 
based on detailed visualization of the pallidal area, individual direct targeting, 
impedance monitoring during surgery and immediate postoperative stereot-
actic MRI. The 3389 narrow space electrode is used, as well as the dual chan-
nel Kinetra neurostimulator (Medtronic, Minneapolis, USA).

Following endotracheal general anesthesia, the head may be shaved (op-
tional) and Leksell’s stereotactic frame (Elekta, Stockholm,  Sweden) is at-
tached to the head parallel to a line joining the tragus to the infero-lateral 
orbital rim.

Scanning is performed with 2 mm-thick axial and coronal contiguous 
scans using a proton density sequence [8] that permits exquisite visualization 
of all the subdivisions of the globus pallidus (Globus pallidus pars interna, 
GPi, laminae medullaris interna and externa, Globus pallidus pars externa, 
GPe) and their surrounding structures (putamen, internal capsule, optic tract). 
Then a volumetric T1 scanning is made of the whole head in order to use for 
trajectory planning. The scanning time using these parameters last for less 
than half an hour, following which the patient is taken to the surgical theatre. 
Enlarged hard copies of relevant MRI slices are obtained as well as a CD-
ROM containing digital MR images. For stereotactic target coordinate calcu-
lation, two methods are used. The manual method is based on calculations 
and measurements on the hard copies and is corroborated by calculations on 
digital images on the Framelink Medtronic software or any other dedicated 
software.

The target point is indicated on the axial scans in the ventralmost part of 
the visible GPi just above and lateral to the one showing the optic tract, and 
close to the lamina medullaris interna, that is, into the posteroventrolateral 
part of the GPi. Since the target itself is readily visualized, there is no need to 
refer to the landmarks of the third ventricle and to an atlas to obtain the loca-
tion of the target in the individual patient. Nonetheless, the target point can 
still be compared with the atlas-defi ned one that usually lies 0–2 mm anterior 
to the midcommissural point, 4–6 mm below the bi-commissural line and at a 
laterality of 19–23 mm from the midline of the third ventricle. The target 
point is transferred to the relevant coronal scan (that usually lies at the level 
of the mammillary bodies) and its laterality and especially depth in relation to 
optic tract and supra-amygdala are verifi ed. On the coronal scan, the trajec-
tory from cortex to target is simulated and the entry point on the skull should 
be at the level of the coronal suture, 2–2.5 mm from the midline, to enable an 
orthogonal parasagittal trajectory of the electrode toward the target. Thereby, 
all 4 contacts of the DBS electrode can be ideally made to lie within the GPi. 
Trajectory planning and entry-point defi nition can be refi ned on the Fra-
melink software to try to avoid passage through sulci or ventricles.

At surgery, small skin incisions are made on each side of the head or a 
single curved coronal skin fl ap. Burr holes, 14 mm in diameter, are performed 
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and a Medtronic Stimloc device is attached with bone screws around the burr 
hole. Dura, Pia and cortex are coagulated and an Elekta radiofrequency (RF) 
electrode with a non-insulated tip of 2 × 1.5 mm is introduced towards the 
target under impedance monitoring. With a trajectory from the frontal coro-
nal burr hole, 2–2.5 cm from the midline, the probe traverses the white matter 
of the rostral internal capsule into the grey matter of the anterodorsal puta-
men or anterodorsal pallidum. The high white matter impedance 
 (700–1000 Ohm) falls suddenly over a distance of 1 mm between white matter 
tracts and the grey matter of the rostral pallidum or putamen and shows 400–
600 Ohm. One can sometimes notice a slight brief rise in impedance if the 
electrode traverses the various medullary laminae, then again if it reaches be-
yond the base of the pallidum. In case of a medial deviation in the planned 
trajectory, the pitch of the auditory signal of the impedance will rise to that 
typical of white matter indicating transgression of the electrode into the in-
ternal capsule.

After withdrawal of the RF electrode, the DBS electrode is introduced in 
the same trajectory and to the same depth, and secured to the burr hole with 
the Stimlock device. Same procedure is performed on the second pallidum 
and the excess DBS electrodes are buried under the skin. The incisions are 
temporarily sutured.

The patient is then returned to MRI for an immediate postoperative ste-
reotactic scanning performed with same proton density sequence as the pre-
operative one but with fewer slices, the axial ones centered around the distal 

Fig. 4. Postoperative stereotactic axial MRI scan at the anterior commissure-posterior com-
missure level, showing DBS electrode artifacts in the posteroventral GPi (arrows)
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8–10 mm of the electrode and the coronal ones from burr hole area to target, 
that is, covering the electrode path. The accuracy of electrode placement in 
relation to target point is verifi ed (Fig. 4) and the patient is returned to the-
atre, where the frame is removed and the patient re-scrubbed. A pocket is 
made usually below the left collar bone, more rarely below the arcus. The 
right electrode had been passed previously to the area of the left frontal inci-
sion so there is no need to re-open the right sided wound on the head. From 
the infra-clavicular pocket to the left burr hole area, two Medtronic extension 
cables are tunnuled, with help of an extra incision behind the mastoid. The 
cables are connected to each electrode and the connections are placed lateral 
to the left burr hole and in some patients with severe jerky dystonia, the con-
nections are sutured to the galea as to not pull on the electrode in case of 
continuous jerks of the neck, and strain on the cables. By convention left 
electrode cable is connected to channel 1 of the Kinetra and right cable to 
channel two. The Kinetra is then put into the pocket that was not made too 
big and after careful hemostasis and generous irrigation all wounds are closed 
in layers. Antibiotic with 1.5 mg Cefuroxim is given IV from the start of sur-
gery then every eight hours until 24 hours after surgery. Postoperatively, the 
patient is observed for six hours in the high dependency unit before returning 
to the ward.

2. RESULTS

The results of surgery for dystonias depend above all on the type of dysto-
nia, as well as on the type of surgical procedure. Reports on long-term re-
sults are rare and standardization of results according to validated scales is 
relatively new. The most used scales in contemporary literature have been 
for cervical dystonia the Tsui’s torticollis severity scale [12] and/or the 
Toronto western spasmodic torticollis rating scale (TWSTRS) [9], and for 
generalized dystonia the Burke-Fahn-Marsden dystonia rating scale (BFM-
DRS) [13, 14].

2.1 Bertrand’s procedure

For cervical dystonia operated on using selective peripheral denervation, Ber-
trand himself in 1993 reported 260 patients with “marked improvement” in 
88% [1]. Other more recent studies reported improvement around 36–46% 
on the TWSTRS [10]. Taira reported an improvement of more than 80% of 
his 44 patients operated on with his modifi ed denervation technique [12]. In 
general, complications of selective denervation were few and affected mainly 
swallowing, most often transiently, but the risk of recurrence of symptoms is 
not negligible.

In the series of 36 patients of Bergenheim and Hariz from Umea, Sweden, 
Tsui’s torticolis severity scale showed around 60% improvement at 6 months 
(Fig. 5). A repeat EMG showed so-called denervation potentials confi rming 
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the denervation of the intended muscle(s) (Fig. 6). Almost all patients experi-
enced sensory defi cit in the C2 area, which sometimes may bother the patient. 
Three patients suffered transient dysphagia, with also transient dysphonia in 
one. Two patients had postoperative hematomas in the SCM area that neces-
sitated surgical treatment without further sequelae.

Clinical and EMG verifi ed re-innervation occurred in four patients ne-
cessitating re-operation with a new denervation procedures. In several 
 patients, however, there were later on new cervical dystonia symptoms 
 involving other muscles than those denervated, and three of these patients so 
far have undergone subsequently GPi DBS, with substantial improvement in 
two of them.
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Fig. 5. Scores of Tsui’s Torticollis Severity Scale, preoperatively, at 1–2 weeks, and at 6 
months postoperatively, in 36 patients from Umeå, Sweden (Photo courtesy of Professor 
Tommy Bergenheim, University Hospital of Northern Sweden)
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Fig. 6. EMG of right hyperactive sterno-cleido-mastoid muscle before surgery (A) and six 
months after (B), showing denervation potentials (Photo courtesy of Professors Rolf Libel-
ius, neurophysiologist and Tommy Bergenheim, neurosurgeon, University Hospital of North-
ern Sweden)
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2.2 DBS of GPi

The results of pallidal DBS for cervical dystonia are emerging and look 
promising with more than 50% improvement of motor symptoms as well as 
of pain and disability at a mean of 2.5 years [9]. For primary dystonia, a 
wealth of information is available today to support its effi ciency in the me-
dium long term [13, 14]. Improvement on the BFMDRS ranges between 
46% and 89% for both motor and ADL parts of the scale. Improvement is 
progressive over few weeks to few months, generally reaching a plateau by 
six months after surgery.  Phasic symptoms improve more than tonic, and 
younger patients more than older. The stimulation parameters are however 
higher than for patients with Parkinson’s disease and stimulator replacement 
is therefore needed at a mean of about 3–4 years after surgery. Side-effects 
were rare and included speech deterioration, gait diffi culties and infection or 
breakage of hardware.

In the author’s published series of 15 patients at 6 months, improvement 
was of 69.5% [13]. In the author’s total series of over 50 consecutive patients 
who had DBS for dystonia over the last fi ve years, there were no bleedings, 
paresis or infections, and no spontaneous displacement or breakage of the 
DBS electrodes. Other hardware related adverse events occurred in three pa-
tients: One patient had an accident provoking a breakage of the cables at their 
entrance into the neurostimulator that had been implanted in the abdominal 
wall, necessitating change of both stimulator and extension cables. In one 
patient there was intermittent stimulation due to loosening of the screws 
 securing the cables to the stimulator, which was attended to by changing 
stimulator and tightening screws. Finally one patient had a dysfunction of the 
battery due to a fabrication fault and necessitated emergency replacement due 
to acute and severe recurrence of dystonia.

Concerning myoclononic dystonia, as well as Meige’s syndrom, there are 
few case reports in the literature, as well as experience of the author in few 
cases, suggesting that pallidal DBS may improve substantially the symptoms. 
Concerning secondary dystonias, it seems that neuroleptic-induced dystonia 
and dystonia due to PKAN (Hallervorden-Spatz disease) are good indica-
tions for pallidal DBS with a signifi cant improvement of symptoms.

HOW TO AVOID COMPLICATIONS

Concerning the Bertrand procedure, to avoid the dysesthesia in the C2 area, 
and to avoid complications related to the bleedings from venous plexa and 
injury of vertebral artery at C1 level, Taira devised a modifi cation of the Ber-
trand procedure by which he performs dorsal ramisectomy of C3–C6 but not 
C1 and C2. Instead he performs unilateral intradural anterior rhizotomy of 
C1 and C2 [12]. Otherwise, provided one respects the safety measures out-
lined above concerning the risks of surgery in the sitting position, and pro-
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vided a careful dissection of the nerves, and meticulous stimulation prior to 
sectioning, the complications of this procedure are few in experienced hands. 
If the cervical dystonia involves other muscles than those that can be dener-
vated safely, and especially if it is in a non-stable and progressive phase, then 
the Bertrand procedure should be avoided. This is because dystonic symp-
toms will show up in other muscles of the neck some time after the operation 
and this recurrence will be detrimental to the patient. One should remember 
that dystonia, including cervical dystonia is a basal ganglia disorder, and when 
the basal ganglia loose contact with a given denervated muscle, they may 
“seek contact” with other adjacent muscles, prompting thereby propagation 
of the symptoms to those other muscles resulting is recurrence of torticollis 
often with another phenotype than the previous one. Hence, today, more 
surgeons are turning to GPi DBS instead of peripheral denervation to attack 
the disorder centrally rather than peripherally.

Concerning pallidal DBS, complications can be grouped in those due to 
surgery, those due to the hardware and those due to the chronic stimulation 
itself [7]. To avoid surgical complications (mainly bleeding in the brain) blood 
coagulation parameters and blood pressure should be normal; excessive CSF 
leak should be avoided by quick surgery and use of tisseel to seal the dura 
opening; One should use as few as possible passages of the electrodes in the 
brain (by adequate visualization of target and calculation of its coordinates), 
and avoid the use of multiple tracks microelectrode recording (MER); if MER 
is to be used it will necessitate a gadolinium-enhanced MRI and careful plan-
ning of trajectories as to avoid blood vessels and sulci. Strict aseptic technique 
and quick surgery, together with short prophylactic course of antibiotics will 
decrease the risks of infection of the hardware. Pulling or break of DBS 
 electrodes through strain of movements on cables is avoided by securing elec-
trode with dedicated device instead of with a metal plate, and avoiding place-
ment of connectors in the neck area as well as by suturing the connection 
between electrode and cable to the subcutaneous tissue. Seroma and infection 
of the pulse generator can be avoided by having a tight subcutaneous pocket 
and meticulous hemostasis, and it is a surgical advantage, although maybe not 
a cosmetic one, to place the stimulator right on the pectoralis fascia below the 
clavicle rather than in the more moving and further away abdominal wall. As 
for the complications of stimulation, these are minimized by a proper accu-
rate placement of the electrode in the ventroposterolateral pallidum and 
 inclusion of as many contacts as possible within the GPi avoiding the internal 
capsule and of course the optic tract. Also, stimulation-related complications 
necessitate experience with programming and close cooperation with an ex-
perienced DBS neurologist and specialist nurse, unless the neurosurgeon has 
the skills and time to monitor and adjust the stimulation parameters as need-
ed. Finally, one should be aware that a sudden failure of stimulation, either 
due to battery depletion or any other reason may become a surgical  emergency 
because some patients who had been relieved of dystonia for some time may 
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suffer from acute dystonic crisis or status dystonicus when the stimulation is 
abruptly stopped. To avoid that, the author recommends preemptive change 
of stimulator when the battery shows values towards its end of life.

CONCLUSIONS

Dystonias are heterogenous conditions and several types of medically or bot-
ulinum toxin-resistent dystonia are amenable to surgical treatment. In cervi-
cal dystonia, selective peripheral denervation ad modum Bertrand is rather 
rarely performed, and is indicated only if the cervical dystonia is stable and 
involves SCM alone or SCM with contralateral or bilateral splenius and semi-
spinal muscles, which must be verifi ed clinically and with 4 channel EMG. 
The results are generally good on the movement disorder and on the associ-
ated pain, but with risk of recurrence. Pallidal DBS has emerged as a method 
of choice mainly in primary generalized dystonia but also in cervical dysto-
nia, as well as in myoclonic dystonias, and less so in secondary dystonias.

Pallidal DBS, to be effi cient, must target the ventroposterolateral GPi. It is 
a safe procedure. Mobile phasic dystonia responds better than tonic fi xed one, 
and early surgery has better results than surgery late in the disease progres-
sion. Some patients on GPi DBS may need emergency replacement of stimu-
lator when battery is empty. A prophylactic change of stimulator before end 
of battery life to avoid rebound of symptoms and dystonic crisis is recom-
mended. The very long-term results of GPi DBS are unknown as yet, and 
there is a need for a long follow up, especially for primary dystonias, since 
people affected are generally younger with an otherwise long life expectancy.
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NEUROSURGICAL MANAGEMENT 
OF CANCER PAIN

Y. KANPOLAT

INTRODUCTION

Because of environmental factors and humanity’s advanced age, the inci-
dence of cancer is gradually increasing, and its treatment is emerging as a 
social problem worldwide [48]. Cancer is the second most common cause 
of death in developed countries. Cancer pain is seen in 20–50% of patients 
when the disease is diagnosed, and can affect up to 75% of patients in ad-
vanced cancer stages. Pain is moderate or severe in 40–50% of patients and 
very severe or excruciating in 25–30% [2, 3]. This chapter has been allo-
cated for the presentation of destructive methods that remain effi cient in 
treating intractable pain problems in cancer patients and which are based 
on destruction of the pain conducting pathways. A historical background 
of the later – with corresponding references – is also the matter of this 
chapter.

The pain conducting pathways were described by Edinger at the end of 
the 19th century (1899) based upon degeneration experiments in amphibians 
and newborn cats [42]. Further investigations by Edinger, Ramon y Cajal, 
Wallenberg, Petren, Spiller and Foerster have completed our knowledge of 
the secondary pathways of pain and temperature of the spinal cord [42]. These 
observations guide neurosurgeons in destruction of the lateral spinothalamic 
tractus, termed “cordotomy”, for controlling unilateral pain located in one 
half of the body [28, 34].

An understanding of facial and cranial pain conduction was based on ob-
servations of Wallenberg, who described a special syndrome in 1895. Lesion-
ing of the pain conducting pathways of the Vth nerve was referred to as 
trigeminal tractotomy by Sjöqvist [42, 44].

Conduction of the visceral pain pathways is not as clear. It was shown in 
some animal studies that visceral pain pathways were in the midline of the 
posterior column [1, 9]. Pain procedures based on  lesioning of the central 
cord are known as stereotactic cervical myelotomy [11], stereotactic extra-
lemniscal myelotomy [35], and punctate midline myelotomy [4].

One of the very important unique targets in pain surgery is known as the 
dorsal root entry zone, or DREZ, meaning especially not only a target for 

Keywords: cancer pain, cordotomy, trigeminal tractotomy-nucleotomy, ex-
tralemniscal myelotomy, DREZ-lesioning, CT-scan guidance
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nociceptive pain surgery but also for the surgery of neuropathic pain and 
spasticity. This area was fi rst described by Vic-D’Azyr [45]. In 1824, Luigi 
Rolando described a gelatinous layer in part of the H-shaped structure [35]. 
The fi rst procedure in this area was performed by Sindou in 1974 [37]. 
 Nashold described the method as a DREZ  operation and later used the same 
 procedure for substantia gelatinosa of the nucleus caudalis, which he termed 
as the Nucleus  Caudalis DREZ operation [6, 29].

The main principals of the destructive procedures in these targets for in-
tractable cancer pain are illustrated in Fig. 1.

Fig. 1. Schematic drawings of spinal cord destructive procedures (spinal DREZ; percuta-
neous cordotomy, trigeminal tractotomy-nucleotomy, extralemniscal myelotomy, nucleus 
caudalis DREZ)
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RATIONALE

A variety of alternatives in the treatment of chronic intractable pain are used 
in practice today. Stimulation is usually used for neuropathic pain; implant-
able pump catheter systems for morphine infusion are more commonly used 
for intractable pain in cancer with short-life expectancy. For a large number 
of colleagues, the methods mentioned here are referred to as “ablative”  instead 
of “destructive”. Defi nition of the term “ablation” according to Webster’s 
Third New International Dictionary as “removal of an organ or part by sur-
gery” does not refl ect reality [46]. The procedures performed on the pain 
conducting pathways should be named “destructive”.

The fi rst method is known as antero-lateral cordotomy and is based on 
lesioning of the lateral spinothalamic tract. The method was initially per-
formed by open method [43]. The procedure was then applied percutane-
ously by Mullan et al. [28] and used with radiofrequency energy by Rosomoff 
et al. [34]. Cordotomy has been routinely used by us with computerized to-
mography (CT) guidance since 1986 [12–14]. The rationale of the procedure 
is based on the denervation of nociceptive pain on the side of the body op-
posite to the site of the procedure, primarily.

The second procedure, trigeminal tractotomy (TR), is based on lesioning 
of the descending trigeminal tract. The procedure was performed by open 
method by Sjöqvist [42]. In 1969, Sweet observed hypoalgesia in the regions 
innervated by the VIIth, IXth and Xth cranial nerves after tractotomy [47]. 
This procedure is indicated for the treatment of cancer pain located in the 
area of these nerves, usually in the craniofacial or oral region [30, 36]. In 
1965 Kunc used high cervical approach for cutting the tract to denervate the 
glossopharyngeal nerves [25]. Then Crue and Hitchcock, independently, 
developed the technique percutaneously and stereotactically [7, 10]. We 
adapted CT guidance to the system and have used it safely and effectively 
since 1989 [15–17].

The third procedure is extralemniscal myelotomy (EM). It involves lesion-
ing of the ascending nonspecifi c polysynaptic pathways, which are located in 
the midline around the central canal [11]. The procedure was employed by 
Hitchcock empirically but was later ascribed different names in nearly the 
same anatomical region as midline myelotomy, punctate myelotomy, or oth-
er variations [4, 35, 21, 22]. There has not been a signifi cant accumulation of 
knowledge in this fi eld and it remains an unknown area. My personal experi-
ence is only 19 cases; most were cancer patients suffering from abdominal 
visceral pain.

The fi nal procedure is the DREZ-lesioning operation. This operation is 
used in cancer-originating neuropathic pain forms. It is effective not only in 
neuropathic pain forms but also in the nociceptive pain forms like Pancoast 
tumors [37]. We have used nucleus caudalis DREZ in the intractable form of 
craniofacial and oral pain [18].
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DECISION-MAKING

1. DIAGNOSTIC CRITERIA

Diagnosis of intractable pain should be evaluated according to:

location (side)a) 
severityb) 
durationc) 
patient activityd) 

The effectiveness and risks of the considered procedure should be explained to 
the patients. There is a general tendency in cancer patients to believe that the 
pain procedure will solve not only the pain problem but also the general can-
cer. The neurosurgeon should not be solely a technician; s/he should provide 
leadership/emotional support as well, and must encourage the patient to re-
turn to normal activities of daily life if the pain resolves and the cancer remains 
stable. This is the most important advantage of the destructive pain proce-
dures. With morphine pump infusions the patient remains dependent on hos-
pitals, drugs and physicians, etc., while destructive pain procedures provide an 
opportunity for the patient to become independent in this regard.

2. INDICATIONS

The best candidates for CT-guided percutaneous cordotomy are those with 
unilateral localized pain, as seen in mesothelioma of the chest wall or carci-
noma of the lower extremities [18–20]. Bilateral CT-guided cordotomy is se-
lected for the patient with intractable pain localized in the lower part of the 
body [14, 19, 21]. There is a generally accepted opinion that cordotomy is 
chosen just after morphine therapy [8, 31, 32]. However, we recommend cor-
dotomy just prior to initiation of narcotic agents, especially if the patient’s 
survival is expected to be more than six months. The rationale of this strategy 
is based on the effectiveness and safety of the procedure observed over the 
course of our 20 years of clinical experience. Patients with severe pulmonary 
dysfunction and in whom partial oxygen saturation is lower than 80% are not 
suitable candidates for cordotomy [21].

CT-guided trigeminal tractotomy-nucleotomy (TR-NC) is for patients with 
pain in the area of the Vth, VIIth, IXth and Xth nerves. Patients with head, face 
and neck malignancies, which cause both nociceptive and neuropathic pain, are 
the best candidates. If the procedure does not suffi ciently control the pain 
problems, nucleus caudalis DREZ operation is chosen [18, 21, 22].

The CT-guided EM indication is controversial. We usually accept patients 
with cancer in the pelvic or abdominal region, or those with malignancies 
causing pain in the lower trunk or lower extremities [21, 22].
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DREZ-operation is necessary if there is an indication that nociceptive pain 
will progress to neuropathic pain. This can be seen in the prolongation of 
Pancoast tumors because of the infi ltration of the brachial plexus. In this 
group, spinal DREZ-operation is the best choice if the patient’s general con-
dition permits [41]. Nucleus caudalis DREZ-operation can also be indicated 
for cancer pain located in the area of the Vth, VIIth, IXth, Xth nerves and C2 
level [18].

SURGERY

1. OPERATIVE TECHNIQUE

1.1 CT-guided percutaneous cordotomy

The procedure is routinely performed with CT guidance. The patient should be 
fasted for fi ve hours before the operation. If required, neuroleptic analgesia 
should be given at a dose that will not affect patient cooperation during the 
procedure. A cranial CT scan must be taken to rule out a mass lesion due to 
metastasis, as this would be a contraindication to performing cordotomy. 
 Kanpolat cannula and electrode system are recommended for this procedure 
(Kanpolat Electrodes KCTE, Cosman Company, Burlington, MA, USA) [23].

Contrast material should be administered into the subarachnoidal space of 
the spinal cord. Iohexol (7–8 mL) is given 20–30 min before the operation by 
lumbar puncture. After injection of contrast medium, the table is repositioned 
to Trendelenburg position for 15 min to observe the contrast in the cervical 
region. If the general condition of the patient does not permit lumbar punc-
ture, contrast material is injected during the procedure at the C1–C2 level 
[21, 22]. The target is the anterolateral section of the spinal cord where the 
lateral spinothalamic tractus is located.

The patient is placed on the CT table in supine position, with the head 
fl exed and fi xed. After injection of the local anesthetic, a 20-gauge plastic 
hub needle is inserted inferior to the tip of the mastoid process in a vertical 
plane perpendicular to the axis of the spinal cord.

Placement of the cannula at the C1–C2 level can be visualized in the lateral 
scanogram (Fig. 2), and direction of the needle is manipulated toward the 
anterior aspect of the spinal cord using axial CT sections (Fig. 3A). Ideal 
placement is 1 mm anterior to the dentate ligament for lumbosacral fi bers and 
2–3 mm anterior for thoracic and cervical fi bers. When the needle is ideally 
positioned, the straight or curved active electrode is inserted (Fig. 3B).

At this stage, impedance measurements are taken to identify whether the 
active electrode tip is in the cerebrospinal fl uid (around 100 ), in contact 
with the spinal cord (around 300 or 400 ) or inside the spinal cord (more 
than 700 ). The target electrode relationship is easily demonstrated by direct 
visualization of the needle-electrode system under CT guidance [21, 22].
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Final neurophysiological confi rmation of the target can be achieved by 
stimulation. With 5-Hz stimulation, motor contraction in the ipsilateral 
occipital muscles indicates that the electrode is near the upper cervical an-
terior gray matter. If the electrode locates in the target, the patient describes 
a warm or cool sensation and tingling in the sensory dermatomes of the 
electrode localization with 50–100 Hz high-frequency stimulation. 0.2–3 V 
is recommended. Voltage of stimulation usually indicates the electrode in 
or near the target. If sensorial response is taken with lower voltage, it 

Fig. 2. Localization of the cannula between C1 and C2 level in lateral CT scanogram in 
 percutaneous cordotomy

A B

Fig. 3. A Final position of the cannula in axial CT slices (right side) in percutaneous cordo-
tomy. B Final position of the electrode, anteromedial section of the target, in axial CT slices 
in percutaneous cordotomy
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 indicates that the electrode is in the target. Positioning of the electrode 
helps selective destruction, indicating CT-guided selective cordotomy.

If the electrode is properly located anatomically and neurophysiolog-
ically, the procedure is finalized with lesioning. The first lesion is usually 
accepted as a test lesion, and temperature must be more than 43°C; we 
usually prefer 50–60°C. If the patient describes analgesia level, 2 or 3 le-
sions at more than 70°C are made. Motor and sensorial testing is repeated 
during and after lesioning. In bilateral cordotomy, we prefer to minimize 
the number of the lesions.

1.2 CT-guided trigeminal tractotomy-nucleotomy (TR-NC)

The procedure is routinely performed with CT guidance. The patient should 
be fasted for fi ve hours before the operation. General principals of the cordo-
tomy are also used in this procedure. Kanpolat cannula and electrode system 
are recommended for this procedure (Kanpolat Electrodes KCTE, Cosman 
Company, Burlington, MA, USA) [23].

Contrast material should be administered into the subarachnoidal space of 
the spinal cord. Iohexol (7–8 mL) is given 20–30 min before the operation by 
lumbar puncture. After injection of the contrast medium, the table is reposi-
tioned to Trendelenburg position for 15 min to observe the contrast in the 
cervical region. If the general condition of the patient does not permit lumbar 
puncture, contrast material is injected during the procedure at the C1-occiput 
level [21, 22]. The target is the posterolateral section of the spinal cord where 
the descending trigeminal tractus and nucleus caudalis are located.

The patient is placed on the CT table in prone position, with the head 
fl exed and fi xed. The chest is elevated and supported with soft pads. A nasal 
catheter is placed to provide oxygen during the procedure [21]. After injec-
tion of the local anesthetic, a 20-gauge plastic hub needle is inserted.

Fig. 4. Position of the cannula at occiput C1 level in lateral scanogram in TR-NC
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Immediately after the local anesthetic injection, the cannula is placed at 
the C1-occiput level, 7–8 mm lateral from the midline on the pain side. Lat-
eral scanogram is taken (Fig. 4); diametral measurements of the spinal cord 
are taken with axial CT slices. Distance between dura and skin is measured 
[24]. The cannula is localized in the posterolateral section of the spinal cord 
with CT guidance (Fig. 5A). The active electrode is inserted (Fig. 5B) and 
morphological demonstration of the needle-electrode system is visualized. It 
should be remembered that insertion of the active electrode to the tractus or 
nucleus is painful. The patient must be appropriately warned, and neuroleptic 
drugs can be given intravenously if necessary.

At this stage, impedance measurements are taken to identify whether 
the active electrode tip is in the cerebrospinal fl uid (around 100 ), in con-
tact with the spinal cord (around 300 or 400 ) or inside the spinal cord 
(more than 700 ). The target electrode relationship is easily demonstrated 
by direct visualization of the needle-electrode system under CT guidance 
[21].

Stimulation provides very impressive information. With 50 to 100 Hz 
stimulation, the patient describes a paresthesia type of sensation on the 
ipsilateral half of the face. It must be remembered that voltage of high-
frequency stimulation should be started with the lowest value (0.1 V). 
Stimulation disturbs the patient, for this reason, we re commend the lowest 
voltage values (0.1–0.5 V). If the electrode is properly located anatomically 
and neurophysiologically, the procedure is fi nalized with lesioning. The 
fi rst lesion is usually accepted as a test lesion, and the temperature must be 
more than 43°C; we usually prefer 50°C. A second or third lesion is gradu-
ally increased to 60–65°C. Motor and sensorial testing is repeated during 
and after lesioning. As previously mentioned, lesioning of the trigeminal 
tractus or nucleus caudalis is painful, and the patient should be warned 
 appropriately.

A B

Fig. 5. A Final position of the cannula in axial CT slices (left side) in TR-NC. B Final position 
of the electrode, posterolateral section of the spinal cord, in axial CT slices in TR-NC
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1.3 CT-guided percutaneous extralemniscal myelotomy (EM)

The procedure is routinely performed with CT guidance. The patient should 
be fasted for fi ve hours before the operation. General principals of the cordo-
tomy are also used in this procedure. The Kanpolat cannula and electrode 
system are recommended for this procedure (Kanpolat Electrodes KCTE, 
Cosman Company, Burlington, MA, USA) [23].

Contrast material should be administered into the subarachnoidal space of 
the spinal cord. Iohexol (7–8 mL) is given 20–30 min before the operation by 
lumbar puncture. After injection of contrast medium, the table is repositioned 
to the Trendelenburg position for 15 min to observe the contrast in the cervi-
cal region. If the general condition of the patient does not permit lumbar 
puncture, contrast material is injected during the procedure at the C1-occiput 
level [21, 22]. The target is the central cord, which contains the ascending 
multi-synaptic pathways at the occipitocervical junction in the midline.

The patient is placed on the CT table in prone position, with the head 
fl exed and fi xed. The chest is elevated and supported with soft pads. A nasal 
catheter is placed to provide oxygen during the procedure [21]. After the in-
jection of local anesthetic, a 20-gauge plastic hub needle is inserted at the C1-
occiput level in the midline.

Lateral scanogram is taken (Fig. 6); diametral measurements of the spinal 
cord are taken with axial CT slices. Distance between dura and skin is mea-
sured [24]. The cannula is localized in the posterolateral section of the spinal 
cord in the midline with CT guidance (Fig. 7A). Active electrode is inserted 
and morphological demonstration of the needle-electrode system is visual-
ized (Fig. 7B).

At this stage, impedance measurements are taken to identify whether the 
active electrode tip is in the cerebrospinal fl uid (around 100 ), in contact 
with the spinal cord (around 300 or 400 ) or inside the spinal cord (more 
than 700 ). The target electrode relationship is easily demonstrated by direct 
visualization of the needle-electrode system under CT guidance [21, 22].

Fig. 6. Position of the cannula at occiput C1 level in lateral scanogram in EM
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Stimulation provides very impressive information. With 50 to 100 Hz, 
0.5–2 V stimulation, the patient describes paresthesia of the bilateral lower 
extremities, indicating that the electrode is in the proper target. If the elec-
trode is properly located anatomically and neurophysiologically, the proce-
dure is fi nalized with lesioning. The fi rst lesion is usually accepted as a test 
lesion, and the temperature must be more than 43°C; we usually prefer 50°C. 
A second or third lesion is gradually increased to 60–70°C. Motor and senso-
rial testing is repeated during and after lesioning [21].

1.4 DREZ

Spinal-DREZ is located in the rootlets of the painful dermatomes. This ap-
proach requires open technique with laminectomy. If the patient is a child, we 
recommend replacement of laminae (laminotomy). For  spinal-DREZ we 
usually prefer the prone position.

In nucleus caudalis-DREZ, the target is the substantia gelatinosa of the 
nucleus caudalis, located at the intermediolateral sulcus between the obex and 
C2 rootlets. The lesions are performed 1 mm in width and 2 mm in depth. This 
width and depth should be arranged according to the diametral measurements 
of the spinal cord [18]. Also for this  operation, prone position is preferred.

In spinal DREZ, the target is DREZ of the painful dermatomes, which 
locates at the intermediolateral sulcus. According to Sindou’s description, 
each of the C2–C4 roots divides into approximately 4 rootlets, which are dis-
tinct, well-marked and with cylindrical penetration. C5–C8 roots divide into 
approximately 6 rootlets, with a diameter of 1.5 mm, making them the thick-
est together with lumbosacral rootlets. They run together and also have a 
cylindrical penetration. Thoracal roots divide into approximately 5 rootlets, 
which are wide and well-marked. They are very small, with a diameter of 
0.25 mm, and have a fi liform penetration. L1–L3 roots divide into approxi-
mately 10 rootlets, and these rootlets have a secondary division and a fi liform 

A B

Fig. 7. A Final position of the cannula in axial CT slices in EM. B Final position of the elec-
trode in axial CT slices, occiput-C1 level, in EM
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penetration. L4, L5 and S1–S3 divide into approximately 7 rootlets and also 
have a cylindrical penetration. Independent from their level, each rootlet has 
an approximately 1 mm subpial course within the intermediolateral sulcus 
[37–40].

2. RESULTS

Visual analogue scale (VAS) and Karnofsky scale were used pre- and post-
operatively as measures of change in patient pain and performance, respec-
tively. All patients were evaluated in four groups postoperatively as: grade I: 
no pain, grade II: partial satisfactory pain relief, grade III: partial non-satis-
factory pain relief, and grade IV: no change in pain. Grades I and II were ac-
cepted as successful outcome and grades III and IV as unsuccessful.

2.1 Percutaneous CT-guided cordotomy

Between 1986 and 2008, we performed 246 CT-guided percutaneous cordo-
tomies in 222 patients. Most (207) suffered from intractable pain related to 
malignancy. In 12 cancer-related cases, CT-guided cordotomy was performed 
bilaterally and selectively, while in 210 cases, the procedure was performed 
unilaterally. In the malignancy group, the majority of cases (48.3%) were due 
to pulmonary malignancies (n: 61), mesothelioma (n: 24) and Pancoast tumor 
(n: 15). Twenty-six patients had gastrointestinal carcinoma and 21 had meta-
static carcinoma; 60 patients presented with other malignancy types. The pro-
cedure was applied to 15 cases with benign pain due to various causes.

Following cordotomy, 92% of the patients reported initial pain relief 
(grades I–II). Minimum and maximum preoperative Karnofsky scores were 
20 and 70, respectively (mean 45.54 ± 14.31), versus postoperative Karnofsky 
scores of 20 and 100, respectively (mean 64.50 ± 15.56), and the difference was 
determined to be highly signifi cant (p < 0.001).

Mean preoperative VAS score was 7.62 ± 0.68 (minimum: 3, maximum: 
10), versus postoperative scores of 0 and 8, respectively (mean 1.18 ± 1.89), 
and the difference was determined to be highly signifi cant (p < 0.001).

There was no mortality and very limited morbidity related to percutane-
ous cordotomy [temporary motor paralysis (n: 5) and ataxia (n: 5) (2.2%) 
which resolved within three weeks]. In bilateral cordotomy, temporary hy-
potension and temporary urinary retention occurred in three and two cases, 
respectively. The only permanent complication was dysesthesia in four cases 
(1.8%). Lorenz [27] and Sindou [41] fi rst collected a large series from the lit-
erature. In their reports, percutaneous cordotomy was described as a risky 
procedure for the treatment of intractable pain; but these reports were pub-
lished in 1976 and 1990. The new modality of cordotomy is giving the chance 
of lesioning just in the target area. In the report of Lahuerta, complications 
usually occured when the lesion of the cordotomy was more than 20% of the 
spinal cord [26].
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2.2 Percutaneous CT-guided trigeminal tractotomy-nucleotomy (TR-NC)

Between 1988 and 2008, we performed 88 CT-guided percutaneous TR-NC 
in 75 patients. Sixteen of them suffered from intractable pain related to malig-
nancy. In four cases, TR-NC was performed twice.

Following TR-NC, 56.2% of the patients reported initial pain relief (grades 
I–II). Minimum and maximum preoperative Karnofsky scores were 40 and 80, 
respectively, versus postoperative Karnofsky scores of 40 and 90, respectively. 
Preoperative VAS score was minimum 5, maximum 8, versus postoperative 
scores of 0 and 6. There was no mortality or morbidity in this group.

2.3 Percutaneous CT-guided extralemniscal myelotomy (EM)

Between 1987 and 2008, we performed 21 CT-guided percutaneous EM in 19 
patients. Eighteen of them suffered from intractable pain related to malignancy.

Following EM, 63.1% of the patients reported initial pain relief (grades 
I–II). Minimum and maximum preoperative Karnofsky scores were 30 and 
60, respectively, versus postoperative Karnofsky scores of 30 and 90, respec-
tively. Preoperative VAS score was minimum 7, maximum 9, versus postop-
erative scores of 0 and 8. There was no mortality or morbidity in this group.

2.4 DREZ

Between 1986 and 2008, we performed 62 (49 spinal, 13 nucleus caudalis) DREZ 
procedures in 58 patients. Spinal DREZ in seven cases and nucleus caudalis 
DREZ in fi ve cases were performed for intractable pain related to malignancy.

Sixty percent of the patients reported initial pain relief (grades I–II) fol-
lowing spinal DREZ while 80% of the patients reported initial pain relief 
(grades I–II) following nucleus caudalis DREZ. Minimum and maximum 
preoperative Karnofsky scores were 30 and 60, respectively, versus postop-
erative Karnofsky scores of 30 and 100, respectively. Preoperative VAS score 
was minimum 7, maximum 9, versus postoperative scores of 0 and 9. There 
was no mortality or morbidity in the cancer group.

HOW TO AVOID COMPLICATIONS

Prior to surgery, the rationale for performing the procedure and the risk of 
complications must be carefully explained to the patients and their relatives. 
The most important complications in destructive pain-relieving procedures 
are discussed hereunder.

1. CT-GUIDED PERCUTANEOUS CORDOTOMY

The target for percutaneous cordotomy is located in the anterolateral  
quadrant of the spinal cord in the upper cervical region, in which the tract 
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is surrounded by some important structures. The pyramidal tract is located 
just posteriorly (Fig. 8). Impairment would result in hemiparesis on the ip-
silateral side. The ventral spinocerebellar tract is located between the poste-
rior lateral surface of the spinal cord and the lateral spinothalamic tract. 
Lesion would cause ipsilateral ataxia. Multiple puncturing to the spinal cord 
at this location should be avoided. The ventral reticulospinal tract is located 
on the median side of the lateral spinothalamic tract. Bilateral lesioning 
of this tract would cause sleep-induced apnea (Ondine’s syndrome) [5, 21, 
27]. All of these potential complications can be prevented with CT-guidance 
since proper demonstration of the cannula-electrode-target relations can be 
 visualized.

2.  CT-GUIDED PERCUTANEOUS TRIGEMINAL TRACTOTOMY-
NUCLEOTOMY (TR-NC)

The target for percutaneous TR-NC is located in the posterolateral quadrant 
of the upper spinal cord in the occipito-cervical region, in which the tract is 
surrounded by some important structures. The lateral corticospinal tract is 
located anteriorly (Fig. 9). Impairment would result in hemiparesis on the 
ipsilateral side. External arcuate fi bers are located between the posterior lat-
eral surface of the spinal cord and descending trigeminal tract. Lesion would 
cause ipsilateral ataxia. Same complication could be seen following lesioning 
of the dorsal spinocerebellar tract located in the lateral part of the upper spi-
nal cord. Medial localization of the electrode would cause ataxia because of 
lesioning of the fasciculus cuneatus.

Fig. 8. Schematic drawing of percutaneous cordotomy and target-electrode relation with 
main anatomical structures
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3. CT-GUIDED PERCUTANEOUS EXTRALEMNISCAL MYELOTOMY (EM)

The target for CT-guided percutaneous EM is located in the medial central 
cord in the occipito-cervical region, located between both the fasciculus gra-
cilis and central part of the spinal cord (Fig. 10). There is scarce published 
data regarding the procedure in this region and its related complications. No 
complications were observed in our experience.

4. DREZ

The target for the DREZ procedure is located in the lateral part of the dor-
sal root entry zone and substantia gelatinosa [33–45]. These procedures are 
performed under general anesthesia. The most important criterion prevent-
ing the risks of anesthesia and of the procedure is the general status of the 
patient. Younger patients can usually tolerate these operations very well. 
The most important complications are related fi rst with the lesioning of the 
dorsal rootlets, which causes sensory denervation of the fi bers. If the de-
struction is performed on the medial side of the DREZ region, the risk of 
ataxia is higher because of damage to the posterior funiculus. To prevent 
these complications, we prefer to lesion the lateral part of the DREZ. Other 
complications related to improper destruction of the spinal cord are pre-
vented by evoked potential monitoring [44].

Fig. 9. Schematic drawing of percutaneous TR-NC and target-electrode relation with main 
anatomical structures
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CONCLUSIONS

Some cancer patients have intractable pain that destroys their motivation and 
prevents the conduct of their daily life. Furthermore, some cancer patients 
remain dependent on hospitals, doctors and some special medical agents or 
devices. The rationale for treating intractable cancer pain is to solve this de-
pendency. I have been interested in the surgical treatment of cancer pain for 
nearly forty years and can offer the following observations:

Some cancer pains can be treated with particular destructive neuro-1. 
surgical pain procedures. These procedures must be performed by 
expert neurosurgeons.
Percutaneous cordotomy is the best method for denervating unilat-2. 
eral cancer pain. In bilateral lower body pain, the procedure is per-
formed bilaterally with a one-week interval. Central cord lesioning 
is an effective procedure, but more evidence regarding the  effi ciency 

Fig. 10. Schematic drawing of percutaneous EM and target-electrode relation with main 
anatomical structures
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and mechanisms of these procedures are needed. Some forms of 
 intractable craniofacial cancer pain can be treated surgically with 
tractotomy-nucleotomy or with the more invasive form of tracto-
tomy-nucleotomy, the nucleus caudalis DREZ lesions. The DREZ 
operation is a weighty operation and must be performed with open 
technique by laminectomy. This technique can be used not only for 
nociceptive cancer pain but also for neuropathic cancer pain.
In current practice, many cancer patients are being insuffi ciently 3. 
treated by some pain centers and physicians. I recommend that phy-
sicians address this issue and attempt to resolve, or at a minimum 
to prevent new complications, in the cancer patients suffering from 
intractable pain.
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NEUROSURGERY FOR NEUROPATHIC PAIN
M. SINDOU

INTRODUCTION

According to the defi nition of the International Association for the Study of 
Pain (IASP) – given by the Kyoto protocol of IASP, Basic Pain Terminology in 
Pain 2008, 137: 473–477 – neuropathic pain is that arising as a direct consequence 
of a lesion or disease affecting the somatosensory system, peripheral or central.

Treatment of neuropathic pain is very arduous, a majority of affected pa-
tients having disabling neurological disorders together with severe neuropsy-
chological handicaps. Medications, physical therapy and psychotherapies are 
often insuffi cient to reduce the pain to a bearable level. In some well-defi ned 
circumstances functional neurosurgery may provide a solution.

Two types of neurosurgical methods have been developed for managing 
neuropathic pain. The fi rst ones are modulative techniques; they aim at en-
hancing the physiological control of the pain system; these techniques include 
electrostimulation and drug delivery systems. The second ones are neurode-
structive techniques; they consist of performing selective therapeutic lesions 
in well-defi ned targets sustaining pain generators.

Before surgery is indicated and the most appropriate procedure chosen for 
a particular patient, the anatomical and physiological mechanisms at the 
 origin of the pain must be analyzed accurately, which needs solid basic and 
clinical knowledge.

RATIONALE

1. PATHOLOGICAL MECHANISMS IN PRIMARY AFFERENT NEURONS

After injury, primary afferent nociceptors can be sensitized and acquire on-
going spontaneous discharges, a lowered activation threshold and an increased 
response to suprathreshold stimuli. In addition the C-fi ber nociceptors that 
survive a partial nerve injury may develop noradrenergic sensitivity and 
therefore contribute to causalgic phenomena, manifested as a Complex Re-
gional Pain Syndrome (CRPS).

In damaged primary afferent axons the regenerating sprouts acquire ab-
normalities that produce ectopic discharges. Their generation at the site of 

Keywords: neuropathic pain, functional neurosurgery, neuromodulation, 
DREZ-lesioning
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stump neuromas after amputation or complete nerve transaction has been 
well documented by microneurographic recordings. Abnormal primary af-
ferent sproutings are also present in many nontraumatic conditions, for in-
stance after herpes zoster invasion; when regenerating sprouts attempt to 
reinnervate, they are likely to be trapped in intraneural scars. Such neuromas 
in-continuity can also be present after subtotal nerve trauma especially after 
crush or stretch injuries.

Where fi bers have been demyelinated, abnormal electrical connections be-
tween adjacent axons may be responsible for so-called ephaptic (“cross-talk”) 
phenomena, which are triggered by the discharge of other afferents. Also, 
 locally demyelinated axons can give rise to “refl ected” impulses, which prop-
agate both ortho- and anti-dromically. This is likely able to produce dyses-
thetic “buzzing” sensations.

The abnormalities detected in sprouts of axotomized primary afferent 
neurons can also be expressed at the level of their cell bodies in the Dorsal 
Root Ganglion (DRG). It is now clear that continued – or even de novo – ec-
topic discharges from the DRG may explain pain not eliminated by excision 
of the neuroma, without the need of postulating any central mechanism.

2.  CHANGES IN THE CENTRAL NERVOUS SYSTEM AFTER PERIPHERAL 
NERVE INJURIES

Lesions in the peripheral nervous system can be at the origin of secondary 
changes inside the Central Nervous System (CNS) especially the dorsal horn, 
where primary afferents terminate. It has been demonstrated that the intra-
spinal terminal arbors of axotomized primary afferents sprout and invade new 
territories within the dorsal horn. Axotomized afferents cease making their 
normal neuropeptides (e.g., substance P, calcitonin gene-related  peptide, …) 
and begin making different ones (e.g., neuropeptide Y, galanin,  vasoactive in-
testinal polypeptide, …). There is a dramatic upregulation of early immediate 
gene regulation (e.g., C-fos) in intrinsic spinal neurons that suggests an im-
portant and prolonged response of second-order neurons to changes in their 
input. These changes that follow peripheral nerve injury may have central 
consequences that are of potential pathophysiological importance.

C-nociceptor discharge produces a central state of hyperexcitability 
whereby wide dynamic range neurons show increased discharges when their 
receptive fi elds (RFs) are stimulated. In addition the size of cell RFs is en-
larged. These electrophysiological changes are associated with exaggerated 
nocifensive withdrawal refl exes, which are indicative of perpetual hyperalge-
sia. This hyperexcitability involves activity at glutaminergic synapses of the 
N-methyl-2-aspartate (NMDA) type. High levels of activity in these syn-
apses produce excitotoxic insults in dorsal horn neurons. The phenomenon 
can be detected anatomically by the appearance of transsynaptic degenerative 
changes in dorsal horn neurons. Once initiated, central hyperexcitability may 



295

NEUROSURGERY FOR NEUROPATHIC PAIN

be maintained by sources of ongoing discharges, for example – in sympathet-
ically-maintained pain – by activity in sympathic afferents, whereas – in sym-
pathetically-independent pain – by spontaneous ectopic discharges from 
 nociceptor sprouts in a neuroma or by essentially normal nociceptor input 
from poorly healed tissue damage.

Interruption of the dorsal roots produces deafferentation of spinal cord 
neurons. This is usually the result of traumatic avulsion or vertebral fracture. 
Deafferented spinal neurons acquire abnormal spontaneous patterns of dis-
charge. This discharge is of high frequency and appears in one of patterns: 
long trains of fairly regular discharges or paroxysmal burst discharges. Spon-
taneous discharges are found in cells in both the superfi cial and the deep 
 laminae of spinal gray. Hyperactivity has been recorded during surgical pro-
cedures in the dorsal horn of patients with deafferented spinal cord [4]. There 
is also the possibility that the pathological change in the spinal cord generates 
hyperactivity in the thalamus, and change in the thalamus in turn generates 
hyperactivity in the cortex. It is also possible that the thalamocortical abnor-
mal activity becomes secondarily independent from the spinal cord. This 
might be a cause of failure of pain surgery at the deafferented spinal cord seg-
ments if surgery is performed too late.

3. ABNORMALITIES AFTER CNS INJURY

Spontaneous and evoked pain, as well as dysesthesias, may appear after in-
jury to the spinal cord, brainstem, thalamus, and although more rarely cor-
tex. Central pain was classically considered due to a loss of control of the 
“extralemniscal” structures by the “lemniscal” pathways. Actually careful 
sensory testing and imaging techniques have led to the conclusion that there 
is a common feature to most patients with “central” pain, namely, damage 
to some part of the spinoreticulothalamic system. In patients with central 
pain, neurons with receptive fi elds (RFs) lying around the border of the 
anesthetic area have RFs larger than normal. Many of the thalamic neurons 
have spontaneous high-frequency burst discharges, a rare fi nding in the 
normal patient and very different from the spontaneous regular discharge 
of 10 Hz of the normal thalamus. Microstimulation in the vicinity of neu-
rons without RFs frequently produces painful sensations, often similar to 
the patient’s clinical pain, which are believed to arise from the anesthetic 
area, contrarily to normal patients in whom there is no pain but only 
 paresthesias.

DECISION-MAKING

When dealing with patients suffering from so-called neuropathic pain, the fi rst 
step is to verify that all pathological causes that might be at the origin have 
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been well-corrected. Such eventualities are far from to be exceptional; as a mat-
ter of fact numbers of patients are directly referred to a pain center instead of 
having passed through the fi lter of appropriate specialists. This holds particu-
larly true for atypical tunnel syndromes or spondylotic radiculopathies, …

The second step is to analyze the anatomical–physiological mechanisms of 
each particular type of pain.

The third step is to be certain that all pharmacological varieties of medica-
tions have been seriously tried, especially for neuropathic pain: anticonvul-
sants and tricyclic antidepressants. We do not indicate surgery before having 
tried to control pain by high dosages of imipramine, administered IV, with 
progressively increased doses up to 150 mg/day on average, for a minimum of 
ten days.

The fourth step is to consider, among the multiple neurosurgical proce-
dures available, the one(s) which should be logically effective according to the 
hypothesized mechanisms of the pain. If more than one procedure can be 
proposed, the conservative one is preferred as the fi rst choice.

Over a 30-year experience we have learned that consideration of the 
topographical level of the causal lesion, as well as of its impact on the sen-
sory structures, is of prime importance for choosing the appropriate tar-
get (Fig. 1).

A B C D

Fig. 1. Impact of lesion on the Dorsal Column fi bers. When the lesion is at the peripheral 
nerve level or the radicular level distally to the Dorsal Root Ganglion (DRG), axons going up 
to the brainstem sensory relay nuclei, through dorsal column, are intact (A). When the lesion 
interrupts the fi bers centrally to the DRG, as for instance in brachial plexus avulsion (B), 
dorsal column fi bers are degenerated up to the brainstem. When a lesion damages the root 
centrally to the DRG at the lumbo-sacral level, as does a lumbar disc herniation not removed 
early enough, fi bers are centrally degenerated (C). Consideration of site of the causal lesion, 
together with the degree of completeness of interruption of fi bers, is of prime importance 
to predict effectiveness of stimulation methods, especially SCS (S). Same applies for spinal 
cord lesions (D). If dorsal column fi bers are totally interrupted, SCS cannot be effective. 
Usefulness of SSEPs measurements (Central Conduction Time) before considering surgery 
is indicated [modifi ed from Sindou MP., Mertens P. Garcia-Larrea L., Surgical Procedures for 
neuropathic pain, Neurosurgery Quarterly, 2001, 45-65]



297

NEUROSURGERY FOR NEUROPATHIC PAIN

1.  DECISION-MAKING FOR PAIN CAUSED BY PERIPHERAL NERVE LESIONS

When the causal lesion concerns a single sensory nerve (especially if located 
in the distal part of the nerve) and when there is reasonable evidence that the 
pain is related to scar tissue adhesions and/or formation of a true neuroma, a 
direct surgical approach at the lesion site can be justifi ed for anatomical treat-
ment. The nerve is freed; if there is a neuroma it is resected and the proximal 
stump ligated and protected. When the lesion involves a mixed nerve trunk, a 
similar strategy can be adopted, but even more prudently because of the 
greater functional importance of such nerves.

When there is no argument for anatomical treatment, peripheral nerve 
stimulation with external transcutaneous nerve electrical stimulation 
(TNES) or direct peripheral nerve stimulation (PNS) if the nerve is deeply 
situated, or the more commonly used spinal cord stimulation (SCS) 
methods can be indicated. When several nerves are involved, SCS at the 
corresponding spinal cord segments is the fi rst choice. If SCS fails, lesion-
ing-surgery in the Dorsal Root Entry Zone (DREZ) may be considered, 
but – according to our experience – only if the main components of pain are 
of the paroxysmal and/or the allodynic types. A type II Complex Regional 
Pain Syndrome (CPRS) may  accompany peripheral nerve lesions. The pres-
ence of type II CPRS does not modify the above guidelines. CPRS are par-
ticularly responsive to SCS.

After limb amputation two main types of pain, that may coexist, may be 
encountered: pain in the phantom limb and pain in the stump. SCS is the fi rst 
option. If it fails, DREZsurgery may be considered. DREZ-lesioning gener-
ally relieves phantom limb pain when rootlets are avulsed, but pain in the 
stump is less constantly infl uenced; however, good results are obtained when 
the pain is of the paroxysmal and/or the allodynic types. The newly devel-
oped Precentral (motor) Cortex Stimulation (PCS) seems to be promising for 
pain after amputation; location of the electrodes on the cortex must be deter-
mined after f. MRI study has found out the representation site of the motor 
function corresponding to the amputated limb.

2.  DECISION-MAKING FOR PAIN CAUSED BY PLEXUS OR ROOT LESIONS

When the pain is related to plexus or root lesions, it is of prime importance to 
determine the exact situation of the lesion – whether it is distal or central to 
the Dorsal Root Ganglion (DRG) – as well as the completeness or not of the 
anatomical-functional interruption of the radicular fi bers. This can be as-
sessed by studying the Nerve Conduction Velocity (NCV) and the Somato-
Sensory Evoked Potentials (SSEP). If interruption is central to the DRG and 
total, SCS cannot be effective because of degeneration of the DRG axons in 
the corresponding dorsal columns, from lesion up to the brainstem relay 
 nuclei. Target for stimulation should consequently be the contralateral tha-
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lamic somatosensory nucleus, namely, the ventroposterolateral nucleus), or 
the precentral (motor) cortex.

DREZ-lesioning is particularly effective in true deafferentation pain syn-
dromes, known to be accompanied by hyperactivity of the dorsal horn cells, 
such as those occurring after brachial plexus avulsion (or less frequently lum-
bosacral avulsion) or after cauda equina injury (Fig. 2) [7, 19].

In pain due to herpes zoster, which corresponds to lesions of both the 
dorsal ganglion cells (with their related axons running through the spinal 
cord) and the dorsal horn cells themselves, SCS can be tried if enough dorsal 
column fi bers corresponding to the painful area are still functional. Their 
functionality can be checked by studying the Central Conduction Time on 
SSEPs. Surgery in the DREZ can be indicated if the main components of the 
post-herpetic pain are of the paroxysmal and/or allodynic types, the perma-
nent superfi cial burning or deep aching components being generally poorly 
relieved.

Fig. 2. Dorsal horn microelectrode recordings in humans. The electrode was a fl oating 
Tungsten-glass microelectrode, implanted intraoperatively by free-hand under the operative 
microscope approximately 5 mm in depth (i.e., in laminae IV–VI). Upper trace, normal activ-
ity. Recordings in a non-deafferented dorsal horn at the lumbo-sacral level (spastic patient). 
Left: Almost no spontaneous activity (three spikes at random). Middle: spike burst discharg-
es (arrows) evoked by regular light tactile stimulation of the corresponding dermatome. 
Right: Spike burst discharges evoked by electrical stimulation of the corresponding periph-
eral nerve. Lower trace, deafferentation hyperactivity. Recordings in the L5 cord segment 
of a patient with pain due to a traumatic section of the hemicauda equina from root L4 to 
S4. Left: Spontaneous activity of the recorded unit: continuous, regular, high frequency 
discharge. Middle: The unit during light tactile stimulation of the L4 to S1 dermatomas (ar-
row). Right: During electrical stimulation of the tibial nerve (the arrows are two consecutive 
stimuli). Note the continuous regular discharge that remains unaltered. The vertical bars are 
50 μV; the horizontal bars are 100 ms [from Jeanmonod D, Sindou MP, Magnin M, Baudet M. 
Intra-operative unit recordings in the human dorsal horn with a simplifi ed fl oating micro-
electrode. Electroencephalogr Clin Neurophysiol 1989; 72: 450-454]
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3. DECISION-MAKING FOR PAIN CAUSED BY SPINAL CORD LESIONS

Chronic pain after spinal cord or cauda equina injuries may of course be re-
lated to mechanical factors such as bony instability; it also may correspond to 
neuropathic pain in the affected spinal cord segments and/or in the territory 
caudal to the lesional level. Neuropathic pain after spine injuries may be clas-
sifi ed as radicular, segmental (corresponding the level of the injured cord seg-
ments), infrasegmental (i.e., below the lesion) or visceral. Pain that resides in 
the dermatomes corresponding to the injury may be merely radicular, result-
ing from nerve root contusion, entrapment or scarring at the level of injury, 
or may be related to segmental central pain caused by the deafferentation of, 
or the direct damage to, the corresponding central neurons. Deafferented 
dorsal horn neurons acquire abnormal spontaneous patterns of discharge that 
can been recorded with microelectrodes during surgical procedures, as shown 
in Fig. 2.

The fi rst step in managing pain after spinal injury is to verify the ab-
sence of persisting compressive factors in relation with bony instability, 
deformity or bone fragments in the canal; if present, they should be treated 
surgically.

In patients whose pain has a “radiculo-metameric” distribution, that is, 
the pain corresponding with the level and extent of the spinal cord lesions (we 
name this pain: “segmental”), surgery in the DREZ gives satisfactory effects 
[7, 22]. In contrast pain in the territory below the lesion, especially in the 
perineosacral area, is not infl uenced even if DREZ-surgery is performed at 
the (lower) corresponding medullary segments. This is particularly true when 
the pain consists of a permanent burning sensation and is located in an infrale-
sional, totally-anesthesic, area. Therefore DREZ-surgery must be reserved 
for pain syndromes related to the injured medullary segments and the adja-
cent ones if modifi ed by consecutive pathological process (e.g. cavitation, 
gliosis, arachnoiditis). In patients with incomplete paraplegia, it is of para-
mount importance that DREZ-lesioning be performed not too deeply and 
extensively, to avoid additional neurologic defi cits. On the contrary, in pa-
tients with complete motor and sensory defi cits, DREZ-surgery can be done 
extensively on the selected segments. The best indications for DREZ-surgery 
are the traumatic lesions of the thoraco-lumbar vertebral junction with com-
plete functional interruption of the conus medullaris, especially when the 
pain is located in the legs rather than in the perineum. Pain caused by lesions 
in cauda equina can also be favourably infl uenced by DREZ-surgery per-
formed at the corresponding spinal cord  segments.

When pain corresponds to the territory below the lesion, SCS could be ef-
fective only if the corresponding dorsal columns retain suffi cient functional 
value. If the territory below the lesion is totally anesthetic, that is the sensory 
tracts totally interrupted, SCS would not work due to degeneration of the dor-
sal column fi bers. Indeed, electrodes – even implanted above the lesion – could 
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not stimulate contained fi bers which have degenerated up to their brainstem 
relay nuclei. When clinical assessment and imaging cannot ascertain integrity 
of the dorsal colum fi bers, study of the Central Conduction Time (CCT) is of 
considerable help. When CCT is altered the patient should not be implanted.

DBS thalamic stimulation has not been enough explored in those indica-
tions to know whether infralesional pain can be alleviated or not by this 
method. Perhaps in the future, Precentral (motor) Cortex Stimulation shall 
reveal effectiveness. A few cases treated with PCS have been reported at meet-
ings on pain surgery, with pain favourably infl uenced.

4.  DECISION-MAKING FOR PAIN CAUSED BY BRAIN LESIONS OR LESIONS 
WITH ANESTHESIA DOLOROSA IN THE CEPHALIC TERRITORY

Central pain after stroke, of ischemic or hemorrhagic origin, was classically 
not accessible to neurosurgical treatments. However the recently-introduced 
Precentral Cortex Stimulation (PCS) method revealed effective in two-thirds 
of the patients operated on. Main indication is the so-called Dejerine-Roussy 
thalamic syndrome, indications can be extended to all similar painful post-
stroke syndromes; not only the one due to strictly thalamic lesion, but also 
the ones supra-thalamic (cortico-subcortical areas) or infrathalamic (brain-
stem, Wallenberg syndrome) [14, 26].

Neuropathic pain in the trigeminal territory, especially the one char-
acterized by anesthesia dolorosa can be an indication of PCS [14, 26] or of 
Nucleus–Caudalis Lesioning [7].

5. PAIN DUE TO MALIGNANCIES

In cancer pain, which is ordinarily thought to be caused by nociceptive 
 mechanisms (e.g., infl ammation, nerve compression, …), true neuropathic 
mechanisms may supervene, either by infi ltration of nerve fi bers or after ra-
diotherapy by loss of fi bers.

Good candidates for pain surgery are patients with long life expectancy and 
topographically-limited pain caused by well-localized lesions. Pancoast-Tobi-
as syndrome at the thoracic apex is typically a good indication for DREZ-
surgery performed from C6–C7 to T1–T2. Other indications are pain due to 
involvement of the lumbo-sacral/plexus. Because extensive DREZ-operations 
at the lumbar and/or the sacral segments would inevitably result in leg hypoto-
nia and/or sphincter disturbances, for pain below the waist in patients who are 
able to walk the procedure should be indicated only if it has to be  limited.

6. PAIN ASSOCIATED TO HYPERSPASTIC STATES

A particular but not unfrequent situation is pain associated to severe spastic-
ity in paraplegic patients. When the pain is related to the spastic state, it can 
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be dramatically improved, together with the spasticity, by Intrathecal Infu-
sion of Baclofen delivered through an implanted pump or by DREZ-surgery 
performed from L2 down to the sacral roots [18, 20].

Another frequent situation is pain on the paralyzed side in an hemiplegic 
patient, especially in the upper limb. If there is suffi cient evidence that the 
pain be related to an excess of the spasticity, DREZ-surgery can be performed 
at the cervical spinal cord segments from C5 to T1 [18, 23].

The antispastic effects of MDT are explained by the interruption of 
the afferent components of the myotatic (monosynaptic) and of the noci-
ceptive (polysynaptic) arc refl exes, which so deprives the somatosensory 
relays of the dorsal horn from most of their excitatory inputs (see Fig. 5) 
[17, 24].

SURGERY

1.  PERIPHERAL NERVE STIMULATION (PNS) AND TRANSCUTANEOUS 
ELECTRO-NEURO-STIMULATION (TENS)

On the basis of the Gate Control theory [12], in 1967 Wall and Sweet [27] 
were the fi rst to implant electrodes on the median and ulnar nerves in a pa-
tient suffering from neuropathic pain. PNS is justifi ed only if one nerve of a 
region is involved. Because of the proximity of motor and sensory fi bres in 
peripheral nerves, the range of electrostimulation is much smaller than is the 
case for Spinal Cord Stimulation (SCS). Therefore PNS is now rarely used 
other than for the treatment of occipital neuralgia.

TENS is not strictly part of the surgical armamentarium; however it 
should be tried before use of more invasive techniques. Electrodes may be 
placed on the skin over the corresponding peripheral nerve. The relief of pain 
is the more effective as (1) the pain is of peripheral origin, (2) the stimulated 
nerve lays superfi cially under the skin so it is accessible to electrical current 
delivered by external electrodes and (3) the electrodes are applied proximally 
to the causative lesion. Of major importance is that TENS be able to elicit 
evoked paresthesias in the whole painful territory.

2. SPINAL CORD STIMULATION (SCS)

SCS is a modulative reversible neurosurgical method which aims at enhancing 
the inhibitory control of the large primary afferent fi bres of the dorsal col-
umns on pain message processing. Experimental studies show a modifi cation 
in the neurotransmitters of the dorsal horn following SCS: inhibition of exci-
tatory amino-acid through GABAergic neurotransmission. The fact that pa-
tients experience electrostimulation paresthesias raises the question whether 
a superimposed placebo-effect contributes to the neurophysiologic effects. 
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Evidence of objective modifi cations of spinal responses to noxious stimuli 
– namely the RIII fl exion refl exes in the hamstring muscle in response to 
 painful stimuli applied to the sensory sural nerve – after SCS has been well-
documented in patients. Study shows depression of the RIII refl ex during 
SCS, as well as during TENS, when these methods are clinically effective. In 
addition, experimental data shows an inhibition of long-term potentiation 
of the wide dynamic range neurons of the dorsal horn following SCS 
in rats.

Careful patient selection is crucial. The clinical examination and the imag-
ing investigations have to determine if the dorsal column fi bers are intact be-
tween the Dorsal Root Ganglion (DRG) and the cuneate-gracilis relay nuclei 
of the brainstem. SomatoSensory Evoked Potentials (SSEP) recordings are a 
valuable tool to assess the functional status of the dorsal columns and the 
lemniscal system [21]. When Central Conduction Time (CCT) – i.e., the time 
course between the dorsal horn potential and the cortical potential – is sig-
nifi cantly altered, the patient should not undergo SCS. When CCT is normal, 
electrode implantation can be performed without a preliminary percutaneous 
surgical trial. When clinical, imaging and electrophysiological assessment 
cannot be certain of the integrity of the fi bers to be stimulated, a percutane-
ous stimulation test has to be performed for a few hours or for a longer pe-
riod but with a subsequent higher rate of infection.

The selected patients are then operated on either through an open inter-
laminar approach or percutaneously. The best location of the electrode is at 
the upper level of the spinal cord segments corresponding to the painful ter-
ritory. Electrodes must be placed ipsilateral to the pain. For high thoracic and 
cervical positioning of the electrode, an open surgical implantation through 
an unilateral interlaminar approach is preferred. In addition, movement of a 
percutaneously implanted electrode is more likely in the cervical region. For 
lower thoracic positioning of the electrode the percutaneous technique is pre-
ferred, with entry point to the epidural space being distal to conus medullaris 
to lessen the neurological risk. The percutaneous technique has the advantage 
of positioning the electrode appropriately under local anaesthesia. The most 
effective position is that which induces stimulation-evoked paresthesias in 
the whole painful territory. In case of open surgery (under general anaesthe-
sia) absence of post-operative induced paresthesias or partial covering of the 
pain territory necessitate electrode repositioning.

Neuropathic pain syndromes for which SCS may be helpful include: pain 
due to radiculopathy after Failed Back Surgery Syndrome (FBSS), pain after 
peripheral nerve lesion, post-amputation pain, Complex Regional Pain Syn-
drome (CRPS) and Peripheral Vascular Disease (PVD). In FBSS, results are 
better when pain is anatomically limited rather than diffuse and when unilat-
eral rather than bilateral. For FBSS, pain relief greater than 50% is obtained 
in 60–75% of the patients. North et al. found 52% of good results at 7 years 
of follow-up. SCS can also be indicated in diabetic neuropathy refractory to 
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medical treatment, except when autonomic neuropathy is present. In con-
trast, post-herpetic pain and intercostal neuralgia syndromes seem to respond 
less favourably. Low back pain in FBSS was considered in early series as a 
poor prognostic factor for SCS. The high positioning of the electrode be-
tween the 7th and 10th thoracic vertebrae seems to give good results in at least 
50% of the patients so implanted.

Complications of SCS mainly include infection, in the order of 5% in the 
large series, and the need for revision of the system in 13%, on average. 
Complications and technical problems in early systems are nowadays less 
common thanks to evolving technology. Migration of electrode is observed 
in 7% of cases with recent multi-channel electrodes and mainly observed in 
asso ciation with the percutaneous technique; Bipolar electrostimualtion has 
greater clinical reliability and fewer side-effects than unipolar systems in 
terms of uncomfortable, sometimes unbearable, paresthesias and motor 
twitches by diffusion of current to the neighbouring sensory and motor 
rootlets, respectively.

3. DEEP BRAIN STIMULATION (DBS)

DBS has been used since 1954 for treatment of intractable neuropathic 
pain. Among the several stereotactic targets described, the most common-
ly chosen were the Ventro-Postero-Lateral and Ventro-Postero-Medial 
thalamic nuclei [11], and the PeriAqueductal/Periventricular Grey matter 
[16].

Mechanisms of action are not all well understood. Thalamic DBS would 
induce inhibition of dorsal horn activity through descending pathways. PAG/
PVG stimulation would induce release of endorphins.

DBS can be considered when SCS has failed, or is not indicated because of 
loss of large primary afferent neurons, or for central pain with supraspinal 
lesions when thalamus is intact. Targets are thalamic ventro-postero-lateral 
thalamic nucleus for extremities pain and ventro-postero-medial thalamic 
 nucleus for facial pain. Periaqueductal and periventricular grey matter stimu-
lation have been mainly indicated to treat cancer pain.

4. PRECENTRAL (MOTOR) CORTEX STIMULATION (PCS)

Stimulation of the motor cortex was fi rst described by Tsubokawa et al. for 
post-stroke pain in 1991, on the basis that hyperactivity in thalamic relay 
neurons following spinothalamic tractomy in cats was inhibited by motor 
cortex stimulation [26].

Precentral Cortical Stimulation (PCS) would be a more appropriate nam-
ing because implication of the pyramidal cells themselves in the antalgic effect 
of the method is far from to be proven, and it might be that many other neu-
ral structures be involved.
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According to recent studies, the thalamus is strongly implicated. Using 
position emission tomography, Peyron et al. [15] and Garcia-Larrea et al. [3] 
found an increase of cerebral blood fl ow in the ventro-lateral and also the 
medial thalamus, ipsilaterally to PCS, as well as in the orbito-frontal and the 
anterior cingular gyri, the insula and the upper brainstem (Fig. 3). Pet studies 
using diprenorphine have shown implication of brain opioid structures, 
which would explain the delayed as well as the long-lasting effects of PCS 
[10].

Surgical technique is extradural. A small craniotomy is performed in front 
of the motor cortex corresponding to the controlateral painful territory. The 
location of the central sulcus has to be identifi ed precisely using: (a) Somato-
Sensory Evoked Potential monitoring; location of the central sulcus is con-
fi rmed by phase reversal of the N20 wave recorded from the electrode applied 
extradurally. When the recording electrode is moved from the post-central to 
the precentral area, the N20 becomes positive P20 (Fig. 4); (b) MRI neuro-
navigation; it can be very helpful for determining the central sulcus using 
anatomical landmarks, the more so as this can be diffi cult in patients having 
had stroke. (c) Electrostimulation of the cortex and clinical observation or EMG 
recordings of the muscular contractions following stimulation of motor area; 

Fig. 3. Mechanisms of action of Precentral (motor) Cortex Stimulation (PCS)
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the optimal location of the electrode is where the bipolar stimulation pro-
duces twitches in the painful area with the lowest threshold.

Afterwards, the electrode is tightly sutured on the dural surface and the stim-
ulation system is internalized. Unlike spinal cord stimulation system, the patient 
does not have induced paresthesias. The intensity of stimulation has to be re-
stricted to a level lower than the threshold of muscle twitches and paresthesias.

Validated indications for PCS include post-stroke pain and trigeminal 
neuropathic pain; according to literature review and personal results respec-
tively 52% and 72% of patients are improved of more than 50% of their pain. 
In those patients, satisfaction – i.e., patients declaring favourable to re-inter-
vention if the same benefi cial outcome could be guaranteed – was observed in 
70% of the cases. Other indications are under evaluation: other central pain 
syndromes, pain after spinal cord injury, brachial plexus avulsion or periph-
eral nerve injury, phantom limb pain, … Since effi cacy of PCS is not observed 
in all patients with neuropathic pain, predictive factors for success are under 
study. A recent report [14] indicates that neither pre-operative motor status, 
pain characteristics, type or localisation of lesions, quantitative sensory test-
ing, SSEPs, nor the interval between pain and surgery, are predictive factors 
of the effi cacy of PCS. Only the level of pain relief evaluated in the fi rst month 
following implantation is a strong predictor of long-term relief (p < 0.0001). 
Transient pain relief after repetitive transcranial magnetic stimulation (TMS) 
of the motor cortex seems to be correlated with a positive PCS effects [8]; 
TMS might be a useful tool for selecting patients for surgery.

Post-operative complications are very rare; they include infection (2%) 
and extradural haematoma (2%). Side-effects include rare epileptic seizures 
during stimulation (0.7%), speech disorders (0.7%), headaches (1%), dys-
esthesias and paresthesias (2%), pain on the side of the implanted electrode 
(0.7%) and supernumerary phantom arm (0.3%).

0 18 36 60ms

P20

N20

0 18

M

36 60ms

6ms

2,5 nV

Fig. 4. Precentral (Motor) Cortex Stimulation. Left: Precentral (Motor [M]) Cortex on MRI. 
Center: operative view of extradural space in the central region after 5 5 cm craniotomy: 
Central sulcus landmark (black line) was drawn on dura at the sites of the reversal N20 (post-
central) and P20 (precentral) potentials of intra-operative SSEP, recorded with platine ball 
electrode. Right: Postoperative lateral X-ray radiography of the electrode implanted extradur-
ally, on the right precentral cortex, in a patient with hyperpathic thalamic syndrome in the 
left side of the body. Pain developed one year after a stroke in the right subcortical posterior 
parietal area. In this case, PCS gave total and long lasting relief of pain (follow-up 5 years)
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Fig. 5. Microsurgical DREZotomy. left: Rexed’s lamination (I–IX). Transverse hemisection of 
the spinal cord (at the lower cervical level) with myelin stained by luxol-fuschine, show-
ing the myelinated rootlet afferents that reach the dorsal column. (DC Dorsal column; 
P pyramidal tract; SG substantia gelatinosa; TL tract of Lissauer) The small arrow  designates 
the pial ring of the dorsal rootlet (diameter, 1 mm). The large arrow shows MDT target. 
right: Schematic representation of the Dorsal Root Entry Zone (DREZ) area and the target 
of micro-DREZotomy (MDT). Upper part: Each rootlet can be divided (owing to the transi-
tion of its glial support) into a peripheral and a central segment. The transition between 
the two segments is at the pial ring (PR), Which is located approximately 1 mm outside the 
penetration of the rootlet into the dorsolateral sulcus. Peripherally, the fi bers are mixed 
together. As they approach the PR, the fi ne fi bers (considered nociceptive) run toward the 
rootlet surfaces. In the central segment, they group in the ventrolateral portion of the 
DREZ and enter the dorsal horn (DH) through the tract of Lissauer (TL). The large myotatic 
fi bers (myot) are situated in the middle of the DREZ, whereas the large lemniscal fi bers are 
located dorsomedially. Lower part: Schematic data on DH circuitry. Note the monosypnatic 
excitatory arc refl ex, the lemniscal-infl uence on a DH cell and an interneuron (IN), the fi ne 
excitatory input onto DH cells, and the IN, the origins in layer I and Layers IV to VII of the 
anterolateral pathways (ALP) and the projection of the IN onto the motor neuron (MN). 
(DC, dorsal column). Rexed laminae are marked from I to VI. The MDT (arrowhead) cuts 
most of the fi ne and myotic fi bers and enters the medial (excitatory) portion of the LT as 
well as the apex of the dorsal horn. It should preserve most lemniscal presynaptic fi bers, 
the lateral (inhibitory) portion of TL, and most of the DH
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5. SURGERY IN THE DORSAL ROOT ENTRY ZONE (DREZ)

In the sixties, the Gate Control Theory [12] drew neurosurgeons’ attention to 
the dorsal horn as the fi rst and an important level of pain modulation. This 
area was then considered a possible target for pain surgery through different 
ways: spinal cord stimulation and destructive surgery in the Dorsal Root 
 Entry Zone (DREZ). It is in 1972 that we introduced the concept of surgery 
in the DREZ through our medical thesis [17] (Fig. 5). Our method, named 
Microsurgical DREZotomy (MDT), is a destructive procedure directed to the 
Dorsal Root Entry Zone (DREZ) which aims at interrupting the nociceptive 
circuitry and eliminating the pain generators located in the dorsal horn [24]. 
The DREZ-area was defi ned as an entity including the central portion of the 
dorsal rootlets, the most medial part of the Lissauer’s tract, and the dorsal 
most layers (I–V) of the dorsal horn where the afferent fi bers synapse with the 
cells of the spino-reticulo-thalamic ascending pathways [17, 24]. Same year 
microsurgical lesioning of DREZ was attempted for human pathologies.  After 
encouraging results in malignancy pain, namely in the thoracic apex Pancoast-
Tobias syndrome, the procedure was attempted in patients with neuropathic 
pain syndromes secondary to paraplegia, amputation and brachial plexus 
avulsion in 1974. Soon after, alternatives to MDT for DREZ-lesions were 
 developed by other neurosurgical teams, especially for brachial plexus avul-
sion with: the Radio-Frequency thermocoagulation by Nashold [13], the 
 Laser-beam by Levy [9] and Ultrasound probe by Kandel [6] and Dreval [2].

The rationale for DREZ–lesioning is illustrated in Fig. 5 (in patients with 
conserved dorsal roots and remaining sensory functions). MDT aims prefer-
entially to interrupt the small (nociceptive) fi bers grouped in the lateral bun-
dle of the dorsal rootlets, as well as the (excitatory) medial part of the TL. The 
upper layers (I–V) of the dorsal horn are additionally destroyed if microbipo-
lar coagulations are made inside the dorsal horn, which suppresses the neu-
rons that became hyperactive after deafferentation.

Surgical technique depends on pathologies and topographical levels.
Instruments for microsurgical DREZotomy (MDT) are the following: (1) 

curved and buttoned microhook for manipulating and holding the spinal 
roots, (2) malleable microprobe (of the Jacobson type) for gentle dissection 
and sustained retraction of the rootlets, (3) buttoned microsucker (of an orig-
inal design) that can be used not only as a sucker but also as a probe and/or 
the rootlets [ref 12-04220 from Microsurgical DREZ-tomy Kit], (4) curved 
sharp microscissors to divide the fi ne arachnoidal fi laments, the pia mater, 
and the tiny pial vessels [ref 12-30108 from Microsurgical DREZ-tomy Kit], 
(5) curved razor blade holder whose jaws are striated to allow better stability 
of the piece of razor blade [ An ophthalmic microKnife can be used instead of 
razor blade], and (6) bipolar bayonet-shaped forceps insulated except over 
5 mm at the tip, sharp and graduated every millimeter as shown in the 
 magnifi ed view [Ref 12-30179 from microsurgical DREZ-tomy Kit]. “Sindou 
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Instrument-Kit for Microsurgical DREZ-tomy”, Ref: 12-29000. Howmedica 
Leibinger, FL Fischer GmbH. Bötzinger Strasse 41, D-7911 Freiburg, 
 Germany and 14540 Beltwood Parkway East, Dallas, Texas 75244.

5.1  Operative procedure at the cervical level when roots 
are intact (Fig. 6)

The prone position with the head and neck fl exed in the “Concorde” position 
has the advantage of avoiding brain collapse caused by cerebrospinal fl uid 
depletion. The head is fi xed with a three-pin head holder. The level of lami-
nectomy is determined after identifi cation of the prominent spinous process 
of C2 by palpation. For unilateral DREZ-surgery a hemilaminectomy, gener-
ally from C4 to C7 with preservation of the spinous processes, allows suffi -
cient exposure to the posterolateral aspect of the cervical segments that 
 correspond to the upper limb innervation, that is, the rootlets of C5 to T1.

Dura and arachnoid are opened longitudinally. Then the exposed roots are 
dissected free by separating the tiny arachnoid fi laments that bind them to each 
other to the arachnoid sheath and to the cord pia mater. The radicular vessels 
are preserved. Each ventral and dorsal root from C4 to T1 is electrically stimu-
lated at the level of its corresponding foramen to identify precisely its muscular 
innervation and its motor functional value. Stimulated ventral roots have a 
 motor threshold at least 3 times lower than the dorsal roots.  Responses are in 
the diaphragm for C4 (the response is palpable below the lower ribs), in the 

Fig. 6. MDT technique at the cervical level. (1) Schematic representation of right hemilami-
nectomy allowing exposure of the dorso-lateral aspect of the cervical spinal cord. (2) Micro-
surgical views: Left: Exposure of the right dorso-lateral aspect of the cervical cord at C6. 
The rootlets of the selected dorsal root(s) are displaced dorsally and medially with a hook or 
a microsucker to obtain access to the ventro-lateral aspect of the DREZ in the dorso-lateral 
sulcus. Center: Then an incision –2 mm in depth, at 35º ventrally and medially – is made 
with a microknife in the lateral border of the dorso-lateral sulcus. Right: Microcoagulations 
are then performed, down to the apex of the dorsal horn, in a dotted manner, using a sharp 
graduated bipolar microforceps
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shoulder abductors for C5, in the elbow fl exors for C6, in the elbow and wrist 
extensors for C7, and in the intrinsic muscles of the hand for C8 and T1.

Microsurgical lesioning is performed at the selected levels, that is, those 
that correspond to the pain territory. The technique is summarized and illus-
trated in fi gure. The incision is made with a microknife (razor blade in a 
blade-holder or an ophtalmologic micro-scalpel). Then microcoagulations 
are made in a “chain” (i.e., dotted every millimeter) manner. Each microco-
agulation is performed – under direct magnifi ed vision – by short-duration (a 
few [one to three] seconds), low intensity, bipolar electrocoagulation, with a 
specially designed sharp bipolar forceps incremented in millimeters. The 
depth and extent of the lesion depend on the desired therapeutic effect and 
the preoperative status of the limb.

If the laxity of the root is suffi cient, the incision is performed – continu-
ously – in the dorsolateral sulcus, ventrolaterally along all of the rootlets of 
the targeted root, thus accomplishing a sulco-myelotomy.

5.2 Operative procedure in brachial plexus avulsion

As an example, for a total plexus avulsion (that is C5-T1) hemilaminectomy 
is performed from C3 to C7. Dura mater and arachnoïd opening is often dif-
fi cult because of strong fi brotic adhesions to the cord. Pseudomeningoceles 
with fragile membranes, instead of dural sheaths, are frequently found at the 
level of the avulsed segment(s).

The anatomical aspect (normal, grayish and atrophic, and partially or to-
tally avulsed) of roots – either ventral or dorsal – is carefully noted. The func-
tional status of remaining ventral roots is checked by observing muscular 
responses to direct electrical stimulation at 1mA (NIMBUS Stimulator, 
Newmedic/Hemodia, Toulouse, France). The cord is sometimes dramatically 
atrophic and/or distorted with an abnormal rotation. Identifi cation of the 
dorso-lateral sulcus is often diffi cult, due to necrotic or gliotic changes in the 
cord at the level of the avulsed roots. To solve this problem the sulcus is iso-
lated at the intact remaining rootlets, above and below the avulsed segment(s). 
The presence of tiny radicular vessels entering the cord helps to determine the 
site of the sulcus. Yellow areas corresponding to old haemorrhages on the 
cord surface, microcavities in the depth of the sulcus and gliotic tissue within 
the dorsal horn provide guidance for tracing the dorso-lateral sulcotomy. 
Intra-operative monitoring of the dorsal column SSEPs evoked by stimula-
tion of the homolateral tibial nerve may be helpful, especially when the sulcus 
is diffi cult to fi nd.

The extent, in length, of the surgical lesioning is established on the basis of 
pain topography, which generally corresponds with the avulsed segments as 
well as the altered adjacent rootlets.

An incision, 2 mm in depth and oriented 35° medially and ventrally, is 
made in the dorsolateral sulcus by using a microknife in the axis of the cervi-
cal DH. With a sharp graduated bipolar forceps, dotted micro-coagulations 
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are performed inside the DH (3 mm in depth from the surface of the cord). 
Each coagulation is performed with the aid of direct vision for 2 seconds at 
low intensity on the bipolar generator. Special care is taken to locate these 
microcoagulations inside the limits of the dorsal horn, in between the cuneate 
fasciculus of the dorsal column, medially, and the cortico-spinal tract, later-
ally, to avoid impairing the sensory and motor pathways, respectively.

5.3  Operative procedure at the lumbo-sacral level (when spinal cord and 
roots are intact) (Fig. 7)

The patient is positioned prone on thoracic and iliac supports and the head 
placed 20 cm lower than the level of the surgical wound to minimize the loss 
of cerebrospinal fl uid. The desired vertebral level is identifi ed by palpation of 
the spinous processes or, if this is diffi cult, by lateral X-ray study that in-
cludes the S1 vertebra. Interspinous levels identifi ed by a needle can then be 
marked with a droplet a nontoxic dye (methylene blue). A laminectomy, ei-
ther bilateral or unilateral, according to pain topography, is performed from 
T11 to L1 (or L2). The dura and arachnoid are opened longitudinally, and the 
fi lum terminale is isolated. Identifi cation of roots is performed by electrical 
stimulation. The L1 and L2 roots are easily identifi ed at their penetration into 
their respective dural sheaths. Electrical stimulation of L2 produces a re-
sponse of the iliopsoas and adductor muscles. Identifi cation of L3 to L5 is 
diffi cult for many reasons: (1) exit through their respective dural sheaths is 
caudal to the exposure, (2) the dorsal rootlets enter the sulcus along an unin-
terrupted line, (3) the ventral roots are hidden in front of the dentate liga-
ment, and (4) the motor responses in the leg to stimulation of the roots are 
diffi cult to observe because of the patient’s prone position. Stimulation of L3 
produces a preferential response in the adductors and quadriceps, of L4 in 
quadriceps, and of L5 in the anterior tibialis. Stimulation of the S1 dorsal 
root produces a motor response of the gastrocnemius-soleus group that can 
be confi rmed later, by repeatedly checking the Achilles ankle refl ex before, 
during, and after MDT. Stimulation of the S2 to S4 dorsal roots (or better, 
directly, the corresponding spinal cord segments at the DREZ) can be as-
sessed by recording of the motor vesical or anal response by use of cysto-
manometry, rectomanometry or electromyography of the anal sphincter 
(or simply with a gloved fi nger into the rectum). Because neurophysiologic 
investigations are time-consuming to perform in the operative room, we 
have found that measurements at the conus medullaris can be suffi cient in 
the patients who already have severe preoperative impairment of their vesi-
coanal functions. These measurements, based on human postmortem 
anatomic studies, have shown that the landmark between the S1 and S2 seg-
ments is situated around 30 mm above the exit from the conus of the tiny 
coccygeal root.

MDT at the lumbosacral levels has the same principles as the ones at the 
cervical level; but at the lumbosacral level, MDT is diffi cult and possibly dan-
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Fig. 7. MDT technique at the lumbosacral level. Top Drawing: Exposure of the conus med-
ullaris through a Th11 to L1 laminectomy. Approach of the dorso-lateral sulcus, (on the left 
side in this example). For doing so, the dorsal rootlets are displaced dorsally and medially to 
obtain proper access to the ventrolateral aspect of the DREZ. Upper operative view: The root-
lets of the selected dorsal roots (on left side) are retracted dorso-medially and held with a 
(specially designed) ball-tip micro-sucker, used as a small hook, to gain access to the ventro-
lateral part of the DREZ. After division of the fi ne arachnoidal fi laments sticking the rootlets 
together with the pia-mater with curved sharp micro-scissors (not shown), the main arteries 
running along the dorso-lateral sulcus are dissected and preserved, whilst the smaller ones 
are coagulated with a sharp bipolar micro-forceps (not shown). Then, a continuous incision 
is performed using a microknife, made with a small piece of razor blade inserted within the 
striated jaws of a curved razor-blade-holder. The cut is – on average – at a 45º angle and to 
a depth of 2 mm. Lower operative view: The surgical lesion is completed by doing micro-
coagulations under direct magnifi ed vision, at a low intensity, inside the postero-lateral 
sulcomyelotomy down to the apex of the dorsal horn. These microcoagulations are made 
all along the segments of the cord selected to be operated on by means of the special sharp 
bipolar forceps, insulated except at the tip over 5 mm and graduated every millimeter
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gerous because of the rich vasculature of the conus. The dorsolateral spinal 
artery courses along the dorsolateral sulcus; its diameter is 0.1–0.5 mm, and it 
is fed by the posterior radicular arteries and joins caudally with the descend-
ing anterior branch of the Adamkiewicz artery through the conus medullaris 
anastomotic loop of Lazorthes. This artery has to be preserved by being freed 
from the sulcus.

5.4 Operative procedure in injured spinal cord

In most patients, the microsurgical procedure is preceded by a long dissection 
of the dura from the surrounding epidural fi brosis and a delicate dissection of 
the cord and the roots from adherent arachnoiditis. In patients with spinal 
fractures not previously completely operated, one must start with liberation 
of the neural structures from residual bone fragments occupying the intrara-
chidian space and even sometimes the intradural space. This preparatory ap-
proach may be long and bloody; in that eventuality, it is better to perform the 
fi rst stage of the operation in a separate setting, followed by MDT two weeks 
later. Then MDT is then performed at the cord segments corresponding to 
the pain territory.

5.5 Operative procedure in hyperspastic states

The cord levels related to the undesirable spasticity are identifi ed by studying 
the muscle responses to bipolar electrical stimulation of the ventral and dorsal 
roots. The motor threshold for stimulation of ventral roots is one-third that 
of the threshold for dorsal roots. Technical procedure is as follows.The ven-
tro-lateral aspect of the DREZ is exposed so that the microsurgical lesions 
can be performed in the dorso-lateral sulcus, 2–3 mm deep and at 35° angle 
(for cervical) or 45° angle (for lumbo-sacral) levels, all along the selected seg-
ments of the spinal cord. See detailed description in Reference [18]. Intraop-
erative neurophysiological monitoring is used to help in identifying cord 
 levels, as well as quantifying the extent of MDT.

Main complications of MDT would be: lesioning of the ipsi-lateral py-
ramidal tract and dorsal column, injury or coagulation of the spinal cord vas-
culature. Performing this type of surgery requires “good knowledge on pain 
anatomy and physiology and, as well as a good training in microsurgery”.

CONCLUSIONS

The most important prerequisites for choosing the appropriate neurosurgical 
procedure in neuropathic pain are the underlying mechanism(s) of the pain 
and the topographic level of the lesion. TENS can be effective especially when 
the peripheral nerve to be stimulated is close to the skin with a lesion distally 
situated. SCS effectiveness requires integrity of the dorsal column fi bers up to 
the brainstem nuclei, verifi ed by CCT on SSEPs recordings. DBS and more 
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 recently PCS are indicated when SCS fails or is not indicated, and when the 
causal lesion is above spinal cord. Destructive techniques, especially DREZ 
surgery, can be useful for root avulsion pain, segmental pain after spinal cord 
lesions and peripheral nerve lesions when paroxysmal and/or allodynic pain 
components are predominant. Whatever pain syndromes are confronted, in-
dications for surgery (Fig. 8) must be considered within the framework of the 
whole armamentarium of pain surgery [1, 5, 25, 28] and through a multi-dis-
ciplinary team.
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MICROVASCULAR DECOMPRESSION 
FOR HEMIFACIAL SPASM

M. SINDOU

INTRODUCTION

Hemifacial Spasm (HFS) is a benign, chronic, involuntary movement of one 
side of the face, and characterized by twitching, tonic spasm, and synkinesis 
of the muscles innervated by the facial nerve. Primary HFS fulfi lls the three 
following criteria: (1) not a sequela of ispsilateral facial palsy, (2) chronic in 
evolution and self-limiting, (3) with normal investigations, except for the 
presence of a vascular compression of the seventh nerve, generally in the Root 
Exit Zone (REZ) at imaging.

There is now considerable evidence that primary HFS is related to func-
tional changes in the facial motor nucleus, caused by vascular compression of 
the facial nerve at REZ. Its logical curative treatment – the Micro-Vascular 
Decompression (MVD) procedure – was pioneered by Gardner [3] and 
Jannetta [6]. Over the last three decades an abundant literature has been pro-
duced on fi ndings, techniques and results, the quotations of which can be 
found in the following references [1, 8, 15, 17].

RATIONALE

MVD is based on the hypothesis of a Neuro-Vascular Confl ict (NVC) at the 
origin of the disease. According to literature, in 98% of the patients an arterial 
loop is found, which makes a cross-compression, and in accentuated cases an 
indentation, at the facial nerve exit from the brainstem (see quotations in the 
following references [17, 18]). Of  importance, several vessels may participate 
in the facial compression, in as many as 40% of the cases in our series [8].

Theory is that the chronic compression by the offending vessel(s) would 
generate spasms through a chain of different but complementary mecha-
nisms. (1) The systolic mechanical pulsations at the REZ would produce 
excitatory stimuli triggering discharges of muscle twitches, the more so as 
REZ harbours the transitional zone between central and peripheral myelin, 
of higher excitability. (2) In addition the uninterrupted pulsations would 

Keywords: hemifacial spasm, functional neurosurgery, microvascular 
decompression
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alter the fi ber sheaths of the facial nerve, which fi bers would contract neo-
synapses (so-called “ephapses”) and sustain “cross-talk” phenomena [3, 7]. 
These cross-talk phenomena would be at the origin of synkineses and lat-
eral spread motor responses [10]. (3) These ectopic electrophysiological 
phenomena would fi re – antidromically – the facial nucleus, and conse-
quently generate intrinsic hyperactivity of this nucleus [9]. The “central” 
hyperactivity of the nucleus would facilitate the appearance of motor dis-
charges that may be provoked by a variety of peripheral stimuli, as well as 
by emotional events relayed by the brainstem reticular  formation.

These putative mechanisms are consistent with the clinical and electrophys-
iological features of the spasms, namely the “Lateral Spread Motor Responses” 
which can be recorded at EMG [10], as well as the frequently-observed long 
delay before complete relief is obtained by decompression of the nerve [5].

DECISION-MAKING

Only primary typical HFS are an indication for MVD. In typical primary 
HFS spasms usually begin as slight intermittent unilateral twitching of the 
orbicularis oculi muscle; lower facial muscles are involved only secondarily.

EMG recordings confi rm the diagnosis by showing a typical electrophys-
iological signature: clonic facial muscle contractions, hyperactivity, synkine-
sis, lateral spread evoked responses.

Time for surgery is when the disease is felt as disabling. Progressively over 
years, HFS becomes more severe and persistent, and spreads over all the 

Fig. 1. MRI (axial section) showing on left side neurovascular compression at facial root 
exit zone from brainstem, by vertebral artery and PICA junction, in a patient with left-sided 
hemifacial spasm
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muscles of the face. Pharmacological treatments including Carbamazepine, 
Clonazepam, Baclofen, Gabapentin have little effi cacy. When the patient con-
siders spasms harmful, he generally asks for an effective treatment even if in-
vasive. Choice is between (1) Repeated local injections of Botulinum toxin, 
and if not effective, MVD surgery or (2) directly MVD as the fi rst option.

Imaging can be useful for confi rming that HFS is primary in nature and due 
to a neurovascular compression (Fig. 1). In most cases (in the order of 95% of 
the patients) the compressive vessel, generally an artery, is seen on MRI com-
bined with MR-Angio (MRA). MRA offers both projectional angiography and 
native thin sections that can be reformated; 3D-TOF-Angio gives hyperintense 
signal of vessels. High resolution T2-sequence (CISS for GE, DRIVE for 
Philips, …), are to be used to get good delineation of the facial nerve. 3D-Angio 
and high resolution T2 sequences are to be used conjointly, because they are 
complementary. Important to note, there might be a few false-negative and a 
number of false-positive as vascular contacts with cranial nerves are common in 
asymptomatic patients. However in patients with HFS, the compressive 
artery(ies) are at brainstem in the REZ, in a ventro-caudal location.

SURGERY

1. SURGICAL PROCEDURE

The method consists of freeing the nerve from the compressive vessel(s), 
namely the postero-inferior cerebellar artery (PICA), the anterior-inferior 
cerebellar artery (AICA) and/or the vertebro-basilar artery (VB). In our se-
ries of 147 patients PICA, AICA and/or VB were respectively found as the 
responsible vessel(s) in 61%, 56% and 27% of the cases. Importantly, there 
can be several, that is two or even three compressing vessels, in the same pa-
tient. Such an eventuality occurred in as many as 40% of the patients. Ignor-
ing this could be the source of surgical failure.

There is a consensus to consider that the optimal technique would be the 
following. The patient is in the lateral decubitus position. Surgical approach 
is a “keyhole” retromastoïd craniotomy, in the order of 2 cm in diameter, just 
posterior to the tip of the mastoid process so that the facial nerve can be 
reached from below, passing infero-laterally to the cerebellar hemisphere 
(Fig. 2). Reaching the facial nerve from below along an infra-fl occular route 
is important for two reasons. (1) NVCs are usually located ventro-caudally at 
the REZ. (2) A lateral – to – medial retraction of the cerebellar hemisphere 
would exert stretching of the VIIIth nerve and lead to hearing loss, as demon-
strated by intraoperative BEAP recordings [4, 12, 14, 16].

After identifi cation of the Xth and IXth nerves before they enter the pars 
nervosa of the Jugular Foramen, arachnoid is opened, fi rst dorsally to the Xth 
and IXth nerves, then in front of the choroid plexus emerging from the Fo-
ramen of Luschka, and fi nally at the level of the fl occulus where it covers the 
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vestibulo-cochlear nerve. Offending loops are usually found just ventral to 
the choroid plexus, which must be slightly retracted. Mobilization of the 
compressive artery(ies) must be gentle for vessel(s) and cleavage from the 
VIIth and VIIIth nerves atraumatic. Care has to be taken to respect the tiny 
perforating collaterals of VB, PICA or AICA, and manipulation of the laby-
rinthine artery should be avoided so as not to generate vasospasm and conse-
quently cochlear ischemia (Fig. 3).

A good knowledge on the various neuro-vascular compressive patterns 
should help to facilitate surgery [13]. The confl icting loop(s) are maintained 
apart by interposing a small rectangular plate of Tefl on (approximately 
15 mm × 4 mm in size) between REZ/brainstem on a side and the offending 
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vessel(s) on the other. The piece of Tefl on must not exert any “neo-compres-
sive” effect on the facial nerve, and the vestibulo-cochlear nerve as well, and 
not kink artery(ies). Any excessive vascular manipulation might provoke 
mechanical vasospasm, and generate ischemia in corresponding territories; 
regular irrigation of vessels with a few droplets of papaverine in solution is 
wise precaution. Not too much of Papaverine should be used because of its 
very acid pH. Then dura is closed in a as tight way as possible. If mastoid cells 
have been open, closure is completed by affi xing a piece of fascia lata on dura 
and fat tissue on cells. Bony powder is put back only if mastoid cells have not 
been opened.

2.  INTRA-OPERATIVE BRAINSTEM AUDITORY EVOKED POTENTIALS (BAEP) 
MONITORING FOR HEARING PRESERVATION

VIIIth nerve is at risk during MVD for HFS. The use of intraoperative moni-
toring of BAEPs has been acknowledged to reduce the risk of hearing impair-
ment [4, 12, 16]. In series without monitoring, hearing loss after surgery 
ranged from 7.7% to 20% [18]. Thanks to the use of BAEP monitoring, the 
rate is below 5% in main series, 2.3% in our own series [14].

The recorded waves corresponding to the auditory tract from cochlea to 
brainstem are Waves I to V. Although the generators of these specifi c waves 
have no unequivocal correlation to a single anatomical structure, for reasons of 
clinical simplication it can be estimated that Waves I and II are generated in the 
distal and proximal parts of the cochlear nerve, respectively, and Waves III to 
V along the brainstem auditory pathways from the cochlear nucleus up to the 
inferior colliculus.

Fig. 2. For performing MVD of cranial nerves, most surgeons agree to consider important 
the following technical points:
  Patient is placed on the table in the contralateral lying position, the head moderately 
elevated, rotated 15º toward the contralateral side and laterally fl exed at 25º for TN, but 
less elevated and more laterally fl exed for HFS.

  A retromastoid craniectomy of the key-hole type (2 cm diameter) is performed: (1) pos-
terior to the base of the mastoid process and below the transverse sinus, to expose 
the dura at the angle formed by the transverse and the sigmoid sinuses, for TN (upper-
left); (2) posterior to the tip of mastoid and adjacent to the sigmoid sinus, to expose the 
infero-lateral aspect of the cerebellum and corresponding cisterns for VIIth or VIIIth nerve 
decompression (center left); (3) evenmore inferiorly, at the retrocondylar fossa, to enter 
the cerebello-pontine – angle infero-laterally to the tonsil for lower cranial nerve decom-
pression (lower-left).

  To avoid stretching the VIIth–VIIIth nerve complex,
the trigeminal nerve is accessed via infratentorial-supracerebellar route along the su-
perior petrosal sinus (upper right), and not by retracting from lateral-to-medial the 
cerebellum, that would consequently stretch the VIIth–VIIIth nerve complex as well as 
the labyrinthe artery;
the VIIth–VIIIth nerves complexe (center right), is accessed through an infrafl occular 
trajectory and reached at the caudal aspect of REZ;
the lower cranial nerves are approached infero-laterally to the tonsil, to reach their 
ventral entry/exit zones on lateral aspect of the medulla (lower right)
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Fig. 3. Operative views. An elongated loop of the posterior-inferior cerebellar artery (PICA) 
is compressing the facial nerve at its exist zone at brainstem (A). After pushing away the 
offending artery (B), a small plate of Tefl on is interposed between the facial nerve and the 
compressive vessel (C)
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Fig. 3. Operative techniques: Schematic drawings of facial nerve approach for MVD
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Peak V warmings. Damage to the VIIIth nerve results in a delay in latency 
and reduction in amplitude of Wave V. When this delay becomes signifi cant, 
the neurophysiologist must inform the surgeon so that the procedure be 
stopped, cause identifi ed and dangerous maneuvers corrected (Fig. 4).

Main critical situations are: stretching of the VIIIth nerve when retracting 
cerebellum, manipulation of the labyrinthine artery or the antero-inferior 
cerebellar artery, direct trauma by instruments or a nearby coagulation, and 
at end of surgery neocompression of the cochlear nerve by the prosthesis 
[16]. According to our experience, two levels of warning signals of practical 
importance to provide information on hearing function during surgery were 
determined [14].

Delay in latency of Peak V of 0.6 ms. In our series, below this value, • 
no patient had post-operative hearing loss. So below 0.6 ms, the sur-
geon can consider that his or her  surgery is within safety limits. Above 
this value, he or she has to be watchful. This signal may be called the 
“warning of a real risk”.
Delay in latency of Peak V of 1 ms. Above this value, in our series, • 
patients had at least some transient hearing loss.Therefore as soon 
as the delay reaches 1 ms, the surgeon has to be advised and to stop 
the procedure, withdraw the retractor, identify the cause(s) of the 
VIIIth nerve damage, and urgently make appropriate corrections 
before resuming surgery. We consider a 1-ms delay as the ultimate 
“critical warning before irreversibility”.

retractor on

retractor off

Fig. 4. Intraoperative Brainstem Auditory Evoked Potentials (BAEPs) monitoring during 
Micro-Vascular Decompression (MVD). Note decrease in amplitude and increase in latency 
of peak V (and also peak III) during manipulations (retractor on), and the return to normal 
signals when retraction stops (retractor off)
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Stability of amplitude and latency of peak V is the warranty of an absence 
of operative injury, stretching and/or neo-compression of the cochlear 
nerve.

Peak I warnings. Preservation of a normal amplitude of peak I is the guar-
anty of integrity of the cochlea; ischemia resulting from vasospasm in the 
labyrinthine artery or the AICA parent artery would result in a progressive 
or sudden decrease in amplitude of peak I (Fig. 5).

14:40

a

b

17:301.44 ms
+

0.21 μV–

III

VI

Fig. 5. Tracings showing BAEP changes during MVD for HFS. Start (a) and end (b) of 
surgery. Note that in the mid-course there was a signifi cant but transient decrease 
in wave I amplitude. This decrease was considered a warning-signal of cochlear 
dysfunction
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Conversely, an exaggerated amplitude of peak I would signify impairment 
in the inhibitory descending pathways to cochlea through the vestibular 
nerve, that is injury or stretching or neocompression of the vestibular nerve.

Importantly, the warning signals have to be interpreted by the neurosurgeon 
and the neurophysiologist working together in the operating theatre during 
the time when hearing is at risk. Therefore the neurophysiologist needs to fol-

Fig. 6. Lateral Spread Responses (LSR) recorded intraoperatively, using facial EMG monitor-
ing. In this patient, the stimulation was applied to the zygomatic branch (i.e., upper branch) 
of the facial nerve, and EMG recordings were made in the orbicularis oculi and the orbicular-
is oris muscles. On these tracings a normal direct response is seen in orbicularis oculi (left 
vertical column). A (abnormal) LSR is observed in orbicularis oris (right vertical column). 
From top to bottom, one can see the progressive disappearance of LSR during decompres-
sion of the nerve. Edwards: Insection of Tefl on plate in between nerves and artery
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low the microsurgical steps on the microscope videoscreen so that electro-
physiological events may be discussed extemporaneously between the two 
colleagues according to the anatomic/surgical events.

3. INTRA-OPERATIVE MONITORING OF THE FACIAL EMG RESPONSES

In 1959, Magun and Esslen found evidence that stimulation of the facial 
nerve on the affected side gave rise to repetitive EMG response from the facial 
muscles in patients with HFS [7]. This was presumed to be due to cross-
transmission of the antidromic activity at the  lesion site. Later, Lateral Spread 
Responses (LSR) could be recorded from one muscle innervated by the supe-
rior branch of the facial nerve when the inferior branch was stimulated or 
inversely [11]. These  phenomena were presumed to be related to ephaptic 
transmission at the lesion site, alone or in combination with motor nucleus 
hyperactivity [9].

In 1987, Moller and Jannetta advocated routine intraoperative EMG re-
cordings of Lateral Spread Responses (LSR) during MVD to ensure that ad-
equate decompression was achieved [11]. With others, they concluded that 
spasms were likely to persist if LSR was still observed at the end of the pro-
cedure. For them, the absence of LSR would indicate that spasms are likely to 
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disappear. Reliability of LSR monitoring as an indicator of good or bad out-
come is not our personal experience; even the patients in whom abnormal 
LSR persisted upon closure were cured, some of them after a delay as long as 
one year after surgery [5].

4. RESULTS ON HFS: CURE WITH A FREQUENTLY DELAYED EFFECT

4.1 Overall results

For evaluating effi cacy of surgery, in our series we considered the percentage 
of spasm relief, given not only by the patient and his (her)  relatives, but also 
by the neurologist who performed the pre- and post-surgical electrophysio-
logical investigations. The result was considered “excellent” when no residual 
spasms and also no abnormal activities on EMG were noted and “good” when 
the patient felt cured but with some residual twitching under emotial condi-
tions (in the order or 20% or less) or when there was still some synkinetic 
activity on EMG. The result was considered “insuffi cient” when decrease in 
spasms was only between 80% and 20%. The result was considered a failure 
when decrease was none or below 20%.

In our 147 patient series results were satisfactory (i.e., excellent or good) 
in 75% at discharge, in 80% at the fi rst outpatient visit (usually on third 
month) and in 87% at latest follow-up that ranged from 1 to 20 years (7 years 
on average). In brief, a satisfactory result was immediate in two-thirds and 
delayed in one-third of the patients. The delay of cure was within the 6 fi rst 
months in 51%, between the 6th month and one year in 38%, and after more 
than 1 year in 11% (up to 3 years and 6 months in 2 patients!) “Unsafi sfac-
tory” results at latest follow-up were at 13%; they included true recurrences 
in 9% and failure + only partial relief of less than 80% in 4%.

In the most important study in terms of length of follow-up and number 
of cases (612 patients surveyed), the one by Barker et al. on Jannetta’s series 
[1],  the rate of excellent outcome was 88%.

4.2 Results along time

The recurrence rate according to literature review amounts at 1% only in 
patients spasm-free after two years from surgery.

Conversely, a large percentage of patients, in the order of one-third, 
benefits from a progressive cure, with delays reaching more than one year 
is as many as 10%. Therefore there is now an agreement to consider that 
final assessment should not be done before one year from surgery at 
least.

4.3 Prognostic factors

Statistical analysis on our one-hundred fi rst patients had not shown any 
signifi cant infl uence on outcome, of gender, age, side and nature of the neuro-



328

M. SINDOU

vascular confl ict. Surprisingly, duration of symptoms and/or use of Botuli-
num toxin before surgery (which was given in half of our patients) had not  
played any signifi cantly detrimental role [8].

5. COMPLICATIONS

A detailed review of the complications reported in the literature was pub-
lished in a didactic article by Sauvain et al. [15]. In the two most numerous 
reported series (Barker et al.: 648 patients [1] and Chun et al.: 310 patients 
[2]), hearing loss amounted at 3.3% and 2.2% and permanent facial weakness 
was 3.4% and 4.8%, respectively. Among other complications, CFS leakage 
affected 2.7% and 2% of the patients. There was one surgical death in the fi rst 
series and none in the second.

In our 147 surveyed patients there was neither death nor ischemic compli-
cations. A CSF-leakage (through mastoid cells, middle ear,  Eustachian tube) 
with rhinorrhea occurred in 10 patients and required either repeated depletive 
lumbar punctures or transient lumbar external drainage to be cured. Since we 
came to use patching dura with fascia-lata and obliterating mastoid cells with 
fat tissue harvested from the thigh at the end of the surgery, there was no 
further CSF rhinorrhea.

In our series, the following cranial nerve complications were noted: (1) 
permanent hearing loss in 7 cases on the operated side, of whom 5 were 
completely deaf. Three of these 5 patients had been operated on at a time 
when intraoperative BAEP monitoring was not currently used; the two 
others were patients who had already an important degree of auditory def-
icit preoperatively; (2) reversible IXth–Xth defi cit with severe swallowing 
disturbances in one patient who had arachnoiditis associated to the NVC; 
(3) permanent facial palsy in 2 cases; (4) to be noted, in 7 patients a delayed 
(of around one week), temporary (of around one month), facial palsy oc-
curred; mechanism was unclear although it ressembled “a frigore” facial 
 palsy.

HOW TO AVOID COMPLICATIONS

1. COMPLICATIONS LINKED TO THE CRANIAL APPROACH

Skin and musculo-aponeurotic incisions have to be located so that the great 
occipital nerve be avoided; muscular incision must not go too deeply in the 
direction of the vertebral artery which may have a procident loop at the atlo-
occipital space.

When performing the retromastoid craniectomy, care should be taken not 
to endanger the sigmoid sinus, its external wall being generally reduced to a 
thin endothetial layer adhesive to the bone.
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To avoid CSF leakage, the dural closure may be reinforced by affi xing a 
small piece of fascia lata and the mastoid cells, when opened, packed with fat 
tissue also harvested from the thigh.

2. HEARING LOSS

Because the main cause of hearing loss is stretching of the VIIIth nerve, an 
infero-lateral cerebellar route along the tenth-ninth nerves, then the choroid 
plexus emerging from the Foramen of Luschka caudally to the fl occulus 
(= infrafl occular), is advocated. This is the safer way to reach the facial exit 
zone caudally at brainstem, which is the most frequent site of the vascular 
compressions. PICA and AICA are equally responsible, with the frequent 
association of a big megadolicho-Vertebro-Basilar (VB) artery invaginated in 
the neighbouring brainstem surface.

The danger of stretching VIIIth nerve during facial approach at REZ, and 
also of producing mechanical vasospasm in the labyrinthine artery or the par-
ent AICA artery, makes intraoperative BAEP monitoring useful – if not man-
datory – at least during the so-called learning period of the surgical team.

3. FACIAL PALSY

To minimize this complication, stretching of the VIIth–VIIIth nerve com-
plex, coagulations nearby the nerve especially at the REZ or a prosthesis 
touching the facial nerve should be avoided.

The eventuality of occurrence of a facial palsy – as well as of an hearing 
loss – has to be specifi cally mentioned prior operation in the written informed 
patient’s consent. The possibility of a delayed – although almost always re-
versible – facial palsy should be also mentioned.

CONCLUSIONS

In nearly all cases, primary HFS is in relation with an arterial compression of 
the facial nerve in the root exit zone at brainstem. The offending arterial loops 
originate from PICA, AICA and/or VB. In as many as 40% of the patients, 
NVC are multiple. The cross-compression at the brainstem is almost always 
seen on MRI combined with MRA. Botulinum toxin can be useful by allevi-
ating the symptoms; but the effects are inconstant and only transient. The 
defi nitive conservative treatment is MVD, which cures the disease in 85% to 
90% of the patients. In experts’ hands, the MVD procedure can be done with 
relatively low morbidity. Because cure of spasms is frequently delayed – of 
several months to even a few years – we do not recommend early re-operation 
in patients with failure or until one year of follow-up at least. Delayed cure 
could well be explained by the slow reversal of the plastic changes in the nu-
cleus that may have caused the symptoms [9].
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MICROVASCULAR DECOMPRESSION 
FOR TRIGEMINAL NEURALGIA

M. SINDOU

INTRODUCTION

The surgical treatment of primary [= idiopathic = essential = classical] Trigemi-
nal Neuralgia (TN) was one of the fi rst successful treatments introduced in the 
history of neurosurgery. It was as early as 1901 that retro-gasserian trigeminal 
neurotomy appeared in the therapeutic armamentarium, long before the use of 
phenytoin in 1942 and carbamazepine in 1963. Besides the open and percu-
taneous lesioning techniques, the conservative micro-vascular decompression 
(MVD) procedure was developed step by step since the fi rst observation in 1934 
by Dandy of the occurrence of trigeminal root compression by a neighbouring 
elongated artery, at the time of performing juxtapontine selective rhizotomies 
[2]. The fi rst decompression of the root from its offending vessel was performed 
in 1959 by Gardner [4], but the method was really promoted in 1967 by 
Jannetta, who codifi ed the operation using the microsurgical techniques [5].

RATIONALE

The goal of MVD is to decompress the trigeminal root from its of-1. 
fending vessel(s). Which are these compressive vessels? In our 579 
patients studied [9], no neuro-vascular confl ict (NVC) was found 
in only 3.3%, whilst in 96.7% one (or several) compressive vessel(s) 
could be identifi ed. The compressive loop originated from an elon-
gated, superior cerebellar artery (SCA) in 74.3%, anterior-inferior 
cerebellar artery (AICA) in 6.1%, SCA and AICA in association in 
16.3%. A vein embedded in the nerve was found as the sole NVC 
in 3.3%, whilst a vein adherent to the nerve and associated with an 
arterial compression was found in 24% of the cases. Locations of the 
NVC along the root are as indicated in Fig. 1. The degree of severity 
of the compression was a simple contact (grade I) in 17.6%, a distor-
tion of the nerve (grade II) in 49.2% and a marked indentation (grade 
III) in 33.2%. Alterations of the whole trigeminal root (in addition to 
the vascular compression) were frequently observed, namely, a sig-
nifi cant degree of global atrophy in 42% and a local thickening of 

Keywords: trigeminal neuralgia, functional neurosurgery, microvascular 
 decompression
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the arachnoid adhesive to the root in 18.2%. In 12.6% of the cases 
in the whole series the root had a marked angulation on crossing over 
the petrous ridge; in 3.9% the nerve was squeezed between the pons 
and the petrous bone due to the small size of the posterior fossa.
Classically the Root Entry Zone (REZ) is considered the site of the pa-2. 
thology. The transitional zone between the central and the peripheral 
myelin, i.e., the Obersteiner–Redlich (O–R) transitional zone, is located 
on average 5 mm outside the entry of the root into the pons (Fig. 1). Both 
the central portion and the O–R zones are vulnerable parts of the nerve.

The most generally admitted pathophysiology is vascular compression, 
most often at the central portion of the root. Through chronic pressure and 
pulsations, vascular compression causes focal demyelination, with groups of 
axons juxtaposed without interstitial glia. These focal alterations would be at 
the origin of neosynapses (= ephapses), with direct cross-talk between fi bres. 
Ectopic spontaneous fi ring, chronically sustained, would generate hyperac-
tivity in the trigeminal system nuclei. These mechanisms are consistent with 
the epileptiform characteristics of TN together with its specifi c responsive-

Fig. 1. Schematic drawing of the (right) Trigeminal Root (through posterior approach) from 
exit of Meckel’s Cave to Trigeminal Root Entry Zone (TREZ) at brainstem. The root is consti-
tuted of a peripheral portion and a central portion with the Transitional Zone (arrow) situ-
ated at 5 mm from brainstem (pons). From personal observations, neuro-vascular confl icts 
(NVC) were located at TREZ (juxtapontine) in 52.3%, mid-third of the root (cisternal) in 54.3% 
and exit from Meckel’s Cave porous (juxta-petrous) in 9.8%. Importantly, 17% of the patients 
had more than one, defi nite NVC [9]
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ness to anticonvulsants, and would explain how pure MVD can restore a nor-
mal function of the nerve in a large majority of patients [13].

DECISION-MAKING

1. DIAGNOSTIC CRITERIA

Diagnosis of typical primary TN is a clinical one; the criteria in the presenta-
tion are:

location on one side of the face• 
no extension outside the trigeminal territory• 
 paroxysmal pain of the “electric shock” type and no pain between the at-• 
tacks (i.e. refractory periods), at least at the beginning of the disease
 pain paroxysms that may occur spontaneously but more are triggered by • 
stimuli
 no sensory defi cit, no decrease in corneal refl ex and no symptoms in other • 
cranial nerve territories
effectiveness of anticonvulsants, at least initially.• 

Over time the pain becomes more frequent, pain free intervals shorten and 
an aching/burning background pain appears, sometimes with vasomotor 
phenomena, giving the neuralgia an atypical presentation.

TN can be diagnosed as “primary” only after all specifi c causes have 
been eliminated by appropriate investigations. High resolution T2 

Fig. 2. Right TN due to NVC from elongated SCA. MRI with CISS sequence (left view), 3D 
Angio MR (right view) and corresponding axial sections from same patient. Note loop com-
pressing REZ at pons in medial location and distortion of the root (arrows)
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(CISS = Constructive Interference in Steady State) together with 3D Angio 
MR are the best MRI sequences to demonstrate a NVC (Fig. 2). Important, 
there might be false-positive and false-negative  results.

2. INDICATIONS

Which patients should be candidates for MVD surgery? The fl ow diagram of 
Fig. 3 indicates our selection process.

As an illustration, in our series of (more than 3000) patients with TN referred 
for surgery, 1.5% had symptomatic TN due to a surgically removable lesion, 
3.2% had multiple sclerosis and underwent percutaneous thermorhizotomy 

Fig. 3. Flow diagram of patient selection [from our 3000 patient series referred to undergo 
surgery for trigeminal neuralgia (1980–2005)]. *Percutaneous procedure: thermorhizotomy 
in retrogasserian location at the level of the triangular plexus (Sweet), Balloon compression 
of the Gasserian ganglion in Meckel’s cave (Mullan), Glycerol neurolysis by injection in the 
trigeminal cistern in Meckel’s cave (Hakanson). **Radiosurgery: Gamma Knife, LINAC
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(th-rhiz), 64.2% had primary TN that was also treated with th-rhiz because of 
age, precarious health condition or patient’s preference, and 31.1% had primary 
TN that led to posterior fossa exploration. Of the latter group, 3.3% had a com-
pressive megadolicho-basilar artery and underwent MVD + partial rhizotomy, 
93.1% had NVC and pure MVD without any additional cutting or coagulation 
of the adjacent rootlets; in only 3.6% no vascular compression was found.

The guidelines for the choice of the surgical procedure after medical treat-
ment failed and the decision-making process in the eventuality of a surgical 
failure are indicated in Figs. 4 and 5, respectively.

SURGERY

1. OPERATIVE TECHNIQUE (Figs. 6 and 7)

Under general endotracheal anaesthesia the patient is placed in the con-• 
tralateral decubitus position with the head moderately elevated, slightly 

Fig. 4. Decision-making after failed medical treatment
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fl exed and rotated 15º toward the contralateral side and secured with a 
three-pin holder. The ipsilateral shoulder is taped and pulled caudally 
and posteriorly. Hair is shaved in the retro-mastoid region. The mastoid 
process and superior nuchal line which are the landmarks for the retro-
mastoid craniectomy are identifi ed by palpation with the index fi nger. 
A skin incision 5 cm in length is made obliquely, 1 cm medial to the bi-
sector of the angle formed by the nuchal line and the posterior aspect of 
the mastoid process. The underlying subcutaneous tissue and muscles 
are divided using electrocautery. If the occipital artery is encountered, it 
is divided between two silk ligatures. The posterior aspect of the mas-
toid process is cleared of soft tissue. The mastoid emissary vein within 
the bone is obliterated fi rst with Surgicel and then with wax.
A retro-mastoid craniotomy is performed, fi rst by a burr hole just • 
posterior to the base of the mastoid process just below the nuchal line, 
then by enlarging the hole with a rongeur, so that fi rst, the inferior 
border of the transverse sinus and secondly the posterior border of the 
sigmoid sinus are exposed. The burr hole must not be made too later-
ally toward the mastoid process as this would endanger the sigmoid 
sinus, the external wall of which is often reduced to a thin endothelial 
layer adhesive to the bone. If bleeding occurs suturing would not be 
possible owing to its friable texture and packing to achieve haemosta-

Fig. 5. Decision-making after failure of previous surgery
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sis could lead to lateral sinus occlusion. Importantly, the craniectomy 
should expose the transverse sinus fi rst and the sigmoid sinus there-
after, because the external wall of the transverse portion of the sinus 
being stronger and less adhesive to the bone than the sigmoid one.
The craniectomy used is elliptic in shape, 2 cm • 1.5 cm in size. If mas-
toid cells are opened as is common, they are occluded by affi xing a piece 
of subcutaneous tissue (e.g. fat plus aponeurosis). The dura is opened 
by making two small fl aps, a superior one retracted along the transverse 
sinus and a lateral one along the sigmoid sinus. A self-retaining retrac-
tor – of the Yasargil type - mounted with a very thin blade (Sugita-
Fukushima type) is placed on the superior cerebellar surface, no more 
anteriorly than the level of the superior petrosal veins, so as to reach the 
trigeminal root via an infratentorial-supracerebellar  approach.

The microscope is then placed posteriorly and inferiorly to the head • 
and positioned with its visual axis parallel to the superior petrosal si-
nus. The arachnoid covering the dorso-lateral aspect of the cerebral 
peduncle is opened from the superior petrosal venous trunk in a me-
dial direction, parallel to the tentorial incisura and 1–2 mm below the 
trochlear nerve. This is done with a micro-sucker in one hand to at-
tract and immobilize the arachnoid and sharp micro-scissors in the 
other. Care must be taken not to injure the thin and fragile trochlear 
nerve, especially with excessive suction.
The superior petrosal trunk and its three main tributaries: the (dor-• 
sal) mesencephalic, the (superior) cerebellar, and the (lateral) pontine 
veins, are then dissected free from the surrounding arachnoid. This 
is very important to allow downward retraction of the cerebellum 
without stretching the superior venous trunk. Its avulsion from the 
superior petrosal sinus would lead to profuse bleeding and venous 
sacrifi ces. Preserving the petrosal veins not only avoids venous infarc-
tion, but also prevents excessive retraction and thereby stretching of 
the VIIth and VIIIth nerves. The arachnoid is then opened laterally 
and inferiorly toward the VIIth and VIIIth nerves; limited dissection 
of the arachnoid around these nerves will reduce the likelihood of 
hearing complications. The retractor tip is then placed so that the en-
tire root can be examined through the various triangles defi ned by 
the petrosal veins, from Meckel’s cave to the REZ at the pons, and all 
possible NVCs identifi ed. The root is dissected free by dividing the 
pia-arachnoid fi laments (= chordae). Not infrequently the arachnoid 
is thickened and strongly adhesive to the trigeminal rootlets but its 
dissection needs to be meticulous and as atraumatic as possible.

Superior Cerebellar Artery (SCA) is the most commonly confl icting • 
vessel (Fig. 6). Its normal anatomical situation corresponds to a course 
from anterior and lateral to posterior and medial around the pons, 
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with a bifurcation at a certain distance superiorly to the REZ, before 
distributing to the medial and lateral superior cerebellar surfaces and 
the dorsolateral aspect of the peduncle. When responsible, SCA is 
elongated and has one of two types of relationship to the root: either 
anterior to the REZ or superiorly positioned lying on the rootlets in 
their cisternal portion.

Fig. 6. Surgical technique of MVD; right TN due to NVC from SCA. Keyhole retro-mastoid 
approach on right side. Upper left view: Position of head, landmarks of skin incision and 
craniectomy. Upper right view: The dura is opened by turning two small fl aps, one being 
retracted along the transverse sinus [1] and the other along the sigmoid sinus [2]. The self-
retaining retractor is placed on the cerebellar hemisphere surface to achieve a supracerebel-
lar-infratentorial approach to the trigeminal nerve. The superior petrosal veins, which drain 
towards the superior petrosal sinus are respected. Middle view: The arachnoid of the dorso-
lateral middle part of the peripeduncular cistern is incised along and below the trochlear 
nerve. The SCA and its two division branches are compressing (grade II) the trigeminal root 
[3] from above. Lower view: The arteries are detached from the nerve and transposed up-
ward just beneath the tentorium. Tefl on tapes, 3 cm in length and 2 mm in width are passed 
around the arteries to pull (arrows) and detach then without touching the nerve. Transposi-
tion is maintained by wedging the tapes in between the superior aspect of the cerebellum 
and the inferior surface of the tentorium. Then, to avoid any secondary mal-repositioning of 
the arteries, a square piece (1 1 cm) of semi-rigid prosthesis (made of Dacron or Tefl on) [4] 
is placed on the superior petrosal vein [5], as a console, to hold the arteries
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When Anterior Inferior Cerebellar Artery (AICA) is the offending vessel 
(Fig. 7), compression is exerted by an upward loop on the inferior aspect of 
the pars major at its brainstem entry. 

With veins, it is often diffi cult to be certain of their responsibility in caus-
ing NVC except when they markedly groove the root (Fig. 7).

In the eventuality of a compressing artery, the vessel is detached from the 
nerve and pons by dividing with microscissors the chordae which keep the 
artery adherent to the adjacent neural structures so that the artery can be 
transposed away from the root. Throughout the vascular manipulations gen-
tle irrigation with saline and from time to time application of a few drops of 
papaverine solution (1 ml in 10 ml saline) are important measures to avoid 
mechanical vasospastic reactions in the arteries.

When SCA is the confl icting vessel (Fig. 6), it is transposed upwards under 
the tentorium. Since collaterals of the SCA are generally long, transposition 
of this vessel is relatively easy. The artery is kept apart from the root by means 
of sling/s usually one around each of the two divisions, 3–4 cm in length and 

Fig. 7. Surgical technique of MVD; right TN due to NVC from AICA (left views) and embed-
ded vein (right views). Keyhole retro-mastoid approach on right side. Left views (AICA): AICA 
compressing the trigeminal root entry zone (arrow) inferiorly (upper view). Decompression 
and interposition of a prosthesis (1 cm2), because the AICA could not be transposed away 
owing to the labyrinthine artery (lower view). Right views (VEIN): Compression of the trigem-
inal nerve (arrow) by the inferior transverse pontine vein (upper view). Decompression by 
coagulation and division of the compressing vein (lower view)
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2–3 mm in width, made of shredded fi bres of Tefl on Felt. They are passed 
around the artery(ies) to exert a pulling effect and are held by simple insertion 
and wedging between the superior aspect of the cerebellum and the inferior 
surface of the tentorium. To prevent subsequent displacement, a square piece 
of semirigid prosthesis (made of Dacron or Tefl on Felt) is placed on the supe-
rior petrosal vein as a console to hold the artery in place which also prevents 
the prosthesis touching the root (Fig. 6).

When AICA is the vessel causing compression, transposition is usually dif-
fi cult (Fig. 7), because it frequently has short perforators to the brainstem and 
also gives origin to the labyrinthine artery. In most cases the loop cannot sim-
ply be pulled away and a small piece of semirigid prosthesis and/or a small 
balled cushion of Tefl on has to be interposed between the REZ and the loop.

When a vein is found grooving the root (Fig. 7), most often laterally or 
inferiorly [often the inferior transverse pontine vein at the exit of the root 
from Meckel cave], it is preferable to coagulate and to divide the vessel. When 
a vein is coursing parallel to the nerve, it is diffi cult to be certain of its patho-
logical role. If there is no other obviously responsible vessel the vein may be 
pushed away and maintained apart.

 After the decompression has been completed, venous haemostasis is • 
confi rmed by requesting the anaesthesiologist to perform sustained dig-
ital compression at the neck of both jugular veins or, if this is not possi-
ble, by carrying out a Valsalva manoeuvre with the ventilation machine. 
Arterial haemostasis is ensured by irrigating the vessels with droplets 
of papaverine in saline to reverse all possible spasm due to surgical 
manipulation.

The dura is closed with single stitches. In order to achieve watertight 
closure a piece of subcutaneous fascia or of fascia lata is affi xed externally to 
the dura. Additional fatty tissue is packed into the mastoid cells, which are 
exposed during the opening. Bone chips are packed over the craniectomy 
defect only if mastoid cells were not opened. Finally, the muscular, subcuta-
neous and cutaneous layers are closed with interrupted sutures and a com-
pressive dressing is applied to avoid meningocele and decrease the risk of 
CSF fi stula or of rhinorrhoea through the Eustachian tube if mastoid cells 
were opened.

2. LONG-TERM RESULTS

According to the publications with a follow-up of more than 5 years and a 
Kaplan-Meier study (see references in 12), the rates of long-term success (i.e. 
pain free and no medication) are 63.5%–84% (69.6% at 10 years in Jannetta’s 
series [1]) and 73.4% at 15 years (Fig. 8) in our own series [12].

The following is a summary of a recent personal study on the factors 
which affect prognosis [10].
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 1.  Factors related to the patient: gender, age at surgery and past history 
of systemic hypertension, as well as – although surprisingly – the du-
ration of the neuralgia prior to surgery including previous failed 
trigeminal operation did not play a role in prognosis.

 2.  Factors related to the neuralgia: side, topography and extent did not 
exert an adverse infl uence; neuralgia with atypical manifestations had 
the same satisfactory outcome as typical neuralgia [12].

 3.  Factors related to anatomical fi ndings: neither the type of the com-
pressive vessel nor its location along or around the root were signifi -
cant; in contrast, the severity of the compression did play a signifi cant 
role with more severe compression being associated with a better the 
outcome [p = 0.002]. The presence of a clear-cut and marked com-
pression at surgery (and possibly – although not yet quite reliably – 
on preoperative MRI) is the guarantee of a higher than 90% success 
rate [10]. The presence of focal arachnoiditis had a signifi cant (al-
though mild) adverse infl uence [p = 0.002].

3. COMPLICATIONS

Mortality reported in the literature [see references in 3 and 6] ranged between 
0.2% and 1.2% (0.3% in our series). It was mainly related to cerebellar/brain-
stem infarction. CSF leakage (transient) was observed from 2% to 17% ac-
cording to published series; this complication was decreased in our series 

Fig. 8. Long term cure (no pain, no medication). Kaplan-Meier curve at 15 years of patients 
free of pain in our series [12]
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from 17% to 3% since affi xing a piece of fat tissue harvested from the thigh 
to enhance watertight dural closure. Permanent trochlear and facial nerve 
palsy occurred, due to stretching in 0.5% and 0.4%, respectively, in our se-
ries. An incidence of persistent hearing loss of 0.8% to 4.5% was reported in 
the literature (1.5% in our series). Trigeminal sensory disturbances are un-
common with pure MVD; dysesthesiae were reported in 2% to 5% in the 
literature (4%, and mild, in our series).

HOW TO AVOID COMPLICATIONS

1. HEARING LOSS

The best approach to avoid hearing loss is to use the infratentorial-supracer-
ebellar approach. As a matter of fact it has been clearly demonstrated with 
intra-operative BAEP recordings that lateral to medial retraction of the cer-
ebellar hemisphere entails a high risk of excessive traction on the VIIth– VIIIth 
nerve complex, as well as of the labyrinthine artery [8]. A limited approach 
through a keyhole craniectomy, not only prevents from excessive CSF deple-
tion, but also from avulsion of the bridging petrosal veins. Preservation of the 
superior petrosal veins offers a fi rm guarantee of limiting traction on the frag-
ile eighth nerve and the labyrinthine artery.

2. TROCHLEAR NERVE PALSY

The infratentorial-supracerebellar approach has the disadvantage of exposing 
the thin trochlear nerve to direct surgical injury. For this reason, we recom-
mend to open the peripeduncular arachnoid to expose the SCA and its 
branches, not at the level of the trochlear nerve itself but as far below as pos-
sible, in the pedunculo-cerebellar fi ssure. By doing so, a “curtain” of arach-
noid, posterior to the nerve, will assure its protection from trauma by the 
instruments and from surgical suction.

3. VASCULAR COMPLICATIONS

Since arteries may be endangered by stretching or kinking, especially during 
transposition, they must be constantly checked under direct vision. Avulsion 
of tiny perforators might occur if care is taken to avoid excessive traction on 
the main trunk or branches. Manipulation of vessels often generates 
 “mechanical” vasospastic reactions with potentially severe ischemic con-
sequences. We regret that two patients in our series developed cerebellar 
hemorrhagic infarction probably related to such a mechanism and recom-
mend that arteries are regularly irrigated with warm saline and droplets of 
papaverine in saline. Avulsion of the petrosal veins might lead to profuse 
haemorrhage soiling the cisternal spaces. In the eventuality of bleeding, pres-
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ervation of vein patency must be attempted by affi xing small pieces of Surgi-
cel to the tear. Compact packing that would compress and occlude the vein(s) 
must be avoided; this could be dangerous by creating oedema or hemorrhag-
ic infarction of cerebellum and brainstem.

4. CSF LEAK

Keyhole approaches render hermetic closure of the dura (under tension) dif-
fi cult. To achieve this we affi x a piece of subcutaneous fat or fascia harvested 
from the operative wound or if necessary from the fascia lata at tigh. Bone 
chips are replaced only if the mastoid cells were not opened; if they were 
breached the craniectomy is packed only with fatty tissue. We do not recom-
mend the use of fi brin glue because it is rapidly resorbed, which leads to de-
layed CSF leak. We advise not packing wax into the opened cells, as it may 
migrate into the middle ear, where it may cause chronic serous otitis with 
otalgia or granulomas and secondary infection. A compressive dressing helps 
to decrease the risk of meningocele, fi stula and/or rhinorrhoea through the 
 Eustachian tube.

5. AVOIDANCE OF NEO-COMPRESSION BY THE IMPLANT

Simple decompression without any material inserted would be idealistic. 
However, it would be unwise not to keep the confl icting vessel(s) apart with 
implantation of a piece of synthetic prosthesis. A recent study [11] strongly 
supports performing the procedure without the implant in contact with the 
root (p = 0.05). This is easier with the superior cerebellar artery, because of its 
laxity and small number of perforating branches, than with the anteroinferior 
cerebellar artery, which has perforators to the brainstem and labyrinthine 
artery arising from its cisternal portion.

Interesting, the signifi cantly better long-term cure rate when the implant 
is not in contact with the roof favors the “pure” decompressive effect of the 
MVD procedure, rather than a conduction block mechanism [11].

CONCLUSIONS

MVD is able to cure (i.e., no pain, no medication) primary TN due to vascular 
compression in 75% of the patients, 90% when the compression is marked on 
preoperative MRI. This can be achieved without side-effects in almost all the 
cases. Recourse to the new fi ne MR images may demonstrate, although not 
always reliably, the compressive vessel(s) and root distortions. A keyhole 
retro-mastoid and infratentorial-supracerebellar approach obviates the need 
for BAEP monitoring for preserving hearing as soon as the learning curve has 
become “good”.



346

M. SINDOU

Surgery should be considered only after anticonvulsant medications have 
failed or if medical treatment is not well-tolerated, including asthenia and 
drowsiness. MVD may be the fi rst option when patients are in good health, 
whereas percutaneous lesioning operations or radiosurgery are preferable in 
those with adverse co-morbidity.
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NEUROSURGERY FOR TRIGEMINAL 
NEURALGIA

K. J. BURCHIEL

INTRODUCTION

As early as 1730, the fi rst treatments for trigeminal neuralgia (TN) involved 
direct section of peripheral branches of the trigeminal nerve and later injec-
tion of caustic liquids. The main limitation of these simple peripheral destruc-
tive procedures was the short duration of pain relief [21]. Section of more 
central branches of the trigeminal nerve was fi rst attempted by Victor Hors-
ley in 1891, who, using a subtemporal intradural approach, cut the trigeminal 
root between the brainstem and the gasserian ganglia [11]. This approach was 
later popularized by Spiller and Frazier, who used a selective resection spar-
ing the motor and fi rst division fi bers [7]. In 1925, Walter Dandy proposed a 
posterior fossa approach to partial sectioning of the sensory root at the pons 
and reported 500 cases in 1932 with excellent results [5]. Percutaneous ap-
proaches to the trigeminal ganglion commenced with direct injections of 
 alcohol by Harris in 1912 [9]; however, although effective, alcohol leakage 
outside the cistern and production of other cranial neuropathies limited its 
applicability. In 1914, Hartel subsequently detailed a percutaneous technique 
for needle insertion outside the oral cavity using external landmarks which 
are still used today [10]. Percutaneous electrocoagulation of the ganglion was 
described by Kirschner in 1932 using a head frame and a diathermy apparatus 
[14]. In 1965, William Sweet introduced a less painful and safer technique 
which included intermittent sedation, physiological localization and 
controlled  lesion production using radiofrequency [26]. Tew and Taha 
 described further refi nements in 1996 [27]. Percutaneous balloon compres-
sion of the trigeminal ganglion was developed by Mullan and Lichtor in 1983 
[20], although the practice of compression of the ganglion during craniotomy 
had been practiced by neurosurgeons since the 1950s. In 1981, Hakanson ser-
endipitously discovered that percutaneous glycerol rhizotomy was an effec-
tive treatment for TN and this has become the agent of choice for cisternal 
injection ever since [8].

Radiosurgery, originally using an orthovoltage X-ray tube coupled to a 
fi rst-generation intracranial stereotactic frame, was developed by Lars 
 Leksell in 1951 and originally used on two patients with TN as a minimally 

Keywords: radiosurgery, trigeminal neuralgia, vascular decompression, per-
cutaneous techniques
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invasive destructive procedure [15]. With subsequent development and re-
fi nement in the last two decades, gamma knife radiosurgery to the proximal 
trigeminal root has now become one of the fastest growing indications for 
this technology.

In spite of the effi cacy, albeit short term, of the above destructive proce-
dures, the etiology of TN remained a mystery until the reported association 
of TN and neurovascular confl ict at the nerve root entry zone in 1966 by 
 Jannetta [12]. Although reported originally by Dandy and then by Gardner, 
 Jannetta deserves credit for advancing the neurovascular compression hy-
pothesis; refi ning the surgical technique and demonstrating good long-term 
follow-up with a nondestructive surgical technique.

RATIONALE

The goal of surgical treatment of TN is to produce pain relief with mini-
mal, if any, morbidity or mortality and minimal, if any, new neurological 
defi cit.

1. MICROVASCULAR DECOMPRESSION (MVD)

In most cases of TN, but not all, vascular compression of the trigeminal 
nerve root from its pontine origin to the entry into Meckel’s cave may be 
observed. Offending vessels include the superior cerebellar artery, anterior 
inferior cerebellar artery, vertebrobasilar trunk or veins [25]. Recently, 
pre operative high-resolution MR imaging with 3-D reconstruction has 
been useful in demonstrating both the type of vessel and its anatomical 
relationship to the trigeminal root [18, 19]. Histologically, demyelination 
of the trigeminal root, particularly at the transitional zone between central 
and peripheral myelin or the Obersteiner-Redlich transitional zone has 
been observed in patients with TN undergoing MVD [6]. These changes 
are proposed secondary to constant arterial pressure pulsation and are hy-
pothesized to cause spontaneous ectopic fi ring triggering aberrant hyper-
activity within the trigeminal system resulting in TN. The theoretical 
 rationale for early operative intervention is therefore to prevent the devel-
opment of irreversible damage to the nerve.

2. DESTRUCTIVE APPROACHES

Destructive surgery includes radiofrequency lesioning, balloon compres-
sion, glycerol injection, peripheral nerve section and radiosurgery. The goal 
of all of these techniques is to cause hypalgesia in the affected primary 
trigeminal division by causing injury preferentially to A-delta and C fi bers 
(nociceptive fi bers). Although the exact mechanism of nerve injury differs 
between these modalities, it appears from outcome studies that the duration 
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of pain relief and risk of deafferentation complications is related to the ex-
tent of injury [13].

DECISION-MAKING

1. CLINICAL DIAGNOSIS

Trigeminal neuralgia is a clinical diagnosis characterized by facial pain within 
the distribution of the trigeminal nerve, is predominantly unilateral, triggerable, 
paroxysmal, severe, electric shock or lancinating in nature. Clinical examination 
typically shows no trigeminal sensory disturbance and a normal neurological 
examination. We have found the use of a facial pain questionnaire helpful in the 
prediction of a diagnosis [16]. The distinction between patients with predomi-
nantly intermittent facial pain (TN type1) and those with predominantly con-
stant facial pain (TN type 2) is helpful in predicting pain outcome following 
MVD regardless of the intraoperative fi ndings (Fig. 1A). Excluding mass le-
sions and demyelination, MR imaging, especially with MR angiography and 
3-D reconstruction [18] may prove useful for  excluding neurovascular com-
pression in patients in whom the diagnosis of TN is diffi cult (Fig. 1B).

2. INDICATIONS

Surgical treatment for TN is recommended for patients with TN that is med-
ically refractory, who are intolerant of medication or who prefer surgery as 
their primary treatment of this condition.

A B

Fig. 1. A Intradural exposure of the trigeminal root and compressing vessel at craniotomy. 
B MR imaging with 3-D reconstruction demonstrating neurovascular compression of the 
trigeminal nerve by looping the branch of the superior cerebellar artery
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Microvascular decompression is offered to patients less than 70 years of age 
with evidence of arterial or venous compression demonstrated on MR images 
because this option gives the best chance of long-term pain relief and of cure. 
For both TN type 1 and TN type 2 patients with imaging suggestive of com-
pression, MVD is still a reasonable fi rst option, although for TN type 2 pain, 
outcomes are not as benefi cial and improvement in the TN type 2 component 
is less predictable.

Radiofrequency (RF) gangliolysis is offered to patients with recurrent TN 
type 1 pain following MVD, patients with TN type 1 pain but no evidence of 
neurovascular compression on high-resolution imaging, older patients with 
TN type 1 pain who cannot tolerate MVD, and those patients who request a 
less invasive procedure. We prefer radiofrequency lesioning over other abla-
tive options because intraoperative stimulation can confi rm needle localiza-
tion, lesioning can be titrated, the effects of lesioning are immediately testable 
and it is repeatable.

Radiosurgical lesioning may be considered as a third line option in patients 
intolerant to RF lesioning.

Patients who have constant or burning facial pain, with or without sen-
sory loss suggestive of trigeminal neuropathic pain (TNP) are not surgical 
candidates and their pain may be worsened by nerve-destructive procedures. 
Neuromodulation therapies including motor cortex stimulation may be op-
tions. See Fig. 2 for a TN surgical management algorithm.

3. PREOPERATIVE ASSESSMENT

Routine preoperative assessment includes cessation of anticoagulant medica-
tions, routine biochemical, hematology and coagulation profi le and anesthesia 
review. Cardiac and respiratory consultation may be sought as necessary. In-

Fig. 2. A surgical treatment algorithm for TN
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formed consent is obtained from the patient and the risks of incomplete relief 
of pain, worsening of pain with facial anesthesia, recurrent facial pain, infection, 
cerebrospinal fl uid (CSF) leak, neurological defi cit and death are explained.

We have used high-resolution (3 T) MR imaging with 3-D reconstruction for 
all patients preoperatively to confi rm the presence and accurately localize the 
site of neurovascular confl ict. This can be helpful in counseling patients preop-
eratively particularly for those patients who do not have classic symptoms.

SURGERY

1. MICROVASCULAR DECOMPRESSION

An operating microscope with video recording capability and standard 
microneurosurgical instruments are used. Brainstem auditory evoked poten-
tials (BAEP) are recorded and facial nerve EMG is performed for all cases.

Following general anesthesia and endotracheal intubation intravenous an-
tibiotics are given, a urinary catheter is inserted and calf compression devices 
are fi tted. Electrodes for brain stem auditory evoked potentials and facial 
nerve monitoring are placed as standard. The patient is positioned supine 
with a large sandbag under the ipsilateral shoulder. The head is rotated 90° to 
the contralateral side with the vertex parallel to the fl oor and fi xed in the 
Mayfi eld 3-pin holder. The ipsilateral shoulder may be taped down as neces-
sary to improve the working angle between the shoulder and retromastoid 
area. The landmarks of the mastoid process, inion and likely position of the 

Fig. 3. Patient positioning and planned incision for MVD
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venous sinuses are marked out and retromastoid area is shaved, prepared, 
draped and infi ltrated.

An 8–10 cm curved incision is made approximately 2 fi ngerbreadths poste-
rior to the pinna, commencing at a level of the top of the pinna and directed 
toward the digastric groove (Fig. 3). Dissection is performed down to the 
 occipital bone using the monopolar cautery and a self-retaining retractor is 
placed to maintain the exposure. The occipital artery may be encountered and 
ligated and also the mastoid emissary vein, which is waxed. The asterion is 
identifi ed. A 3 cm diameter craniectomy is performed with the high-speed drill 
and completed with punches to remove bone overlying the junction of the 
sigmoid and transverse sinuses, the edges of which must be clearly seen. If 
opened, mastoid air cells are waxed. Epidural hemostasis is obtained with 
 fi brillar collagen prior to dural opening. The dura is opened with two limbs 
paralleling the sigmoid and transverse sinuses and meeting at the junction of 
the two. The free edges are hitched with suture to the adjacent tissues to aid 
hemostasis and maximize intradural visualization. A wet cottonoid is then 
placed on the cerebellar surface to allow CSF to drain but not allow the cere-
bellum to herniate. The Greenberg retraction system is set up and a tapered 
retractor is introduced over the cottonoid. The retractor is aimed toward the 
top of the pinna,  approximating the location of the trigeminal nerve at the 
petrotentorial junction and advanced progressively with cottonoids under-
neath to allow slow egress of CSF and cerebellar relaxation. The operating 
microscope is then brought into the operating fi eld and the surgeon is seated. 
Once adequate brain relaxation has occurred, the superior petrosal vein is 
identifi ed and is coagulated proximally, distally and then sharply divided. The 
trigeminal  cistern and the trigeminal nerve are next identifi ed. Sharp arachnoid 
dissection around the trigeminal root is necessary for thorough exposure to 
look for a compressing vessel (Fig. 1A). The entire length of the root should be 
 examined. Review of the preoperative 3-D reconstruction MR images (Fig. 1B) 
is helpful here to direct attention to the likely site of compression. Once any 
relevant arterial loop is adequately mobilized, Tefl on is positioned  between the 
arterial loop and the nerve. It is important to ensure no kinking of the mobilized 
vessel occurs and that adequate packing occurs so that the  Tefl on will not move. 
Using a leaf of intact arachnoid to buttress the Tefl on is helpful. If no arterial 
compression is seen after thorough exploration, veins causing compression may 
be coagulated. If no convincing vessel is seen, the trigeminal rootlets may be 
combed. Once intradural hemostasis is obtained, a watertight dural closure is 
achieved with interrupted nonabsorbable suture with muscle plug reinforce-
ment as required. Mastoid air cells are waxed. Cranioplasty is performed using 
Norian cement and titanium mesh. The scalp wound is closed in layers with 
interrupted absorbable suture and a continuous absorbable skin suture.

The patient is observed in a neurosurgical intensive care unit overnight 
and has a postoperative brain CT immediately following surgery. Patients are 
usually transferred to the neurosurgical ward the following day and dis-
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charged home in 2–3 days when their wound pain is controlled and they are 
ambulating safely.

Most series report short-term pain relief around 90% at 2 years [4], long-
term pain relief ranging from 60% to 85% at 10 years [1, 24]. Important vari-
ables that determine pain relief are the pattern of neuralgia, nature of vascular 
compression (better outcome with arterial compression) and the length of 
time since operation. There is a small but consistent recurrence rate of pain 
following MVD of 2%.

The most serious complications include death, cerebrovascular injury or 
cerebellar injury and are fortunately rare. The more common complications 
include CSF leak, infection, hearing loss and postoperative wound pain. 
Hearing loss has been substantially reduced since the use of BAEP (brainstem 
auditory evoked potentials) and postoperative wound pain has been less since 
the routine adoption of cranioplasty in wound closure.

2. RADIOFREQUENCY GANGLIOLYSIS

A Tew radiofrequency cannula with stylet and electrode, Radionics radiofre-
quency generator and C arm fl uoroscopy unit are used.

The patient’s side and distribution of pain are checked and facial sensation to 
pin is tested prior to the procedure. The patient is positioned whilst awake on 
the operating table with the trunk fl exed at the hips, the knees fl exed, the arms 
wrapped by a sheet to the side of the patient and the head extended. The surgeon 
stands on the side of the patient to be treated. The fl uoroscopy unit is brought 
in from the opposite side of the surgeon and the gantry positioned to take a 
submento vertical X-ray to demonstrate the ipsilateral foramen ovale. The ipsi-
lateral cheek is then prepared with antiseptic solution and draped (Fig. 4).

Intravenous sedation is administered (we prefer Propofol) until the  patient 
is unresponsive to stimulation. A nasopharyngeal airway may be  inserted. A 
poke incision is made 2.5 cm lateral and 1 cm inferior to the ipsilateral oral 
commissure. With a gloved fi nger in the mouth the Tew needle with stylet is 
introduced and guided to a point of intersection on the anterior skull base 
approximately 3 cm anterior to the external auditory meatus and the medial 
pupil using Hartel’s technique. Fluoroscopy is helpful in guiding the needle 
tip toward the foramen. Entry into the foramen, usually at a depth of 6–8 cm 
is signaled by a jaw jerk and often the fl ow of CSF. The C arm unit is then 
positioned laterally to check the depth of the needle aiming toward the junc-
tion of the clivus and petrous temporal bone at a point 5 mm below the fl oor 
of the sella. To reach the more medial ophthalmic fi bers a more lateral entry 
to the foramen may be better. Electrode position is guided by the 
X-ray, the division to be treated and the results of test stimulation. Using 
fl uoroscopy initially the needle is placed proximal to the clival line for V3 
pain, at the clival line for V2 and beyond the clival line for V1. The curved tip 
is useful for picking up the ophthalmic branches medially. Once this initial 
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 radiographic position is obtained the patient is woken for test stimulation 
(Fig. 5). A square waved current of 50 Hz at 1 msec and 0.1 V is used to evoke 
parathesiae. The patient is asked where the stimulation is felt. Once stimula-
tion satisfactorily localizes the affected branch, the patient is resedated and 

Fig. 4. Patient positioning for radiofrequency gangliolysis

A B

Fig. 5. Fluoroscopic image of needle in foramen ovale (submental) and lateral
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radiofrequency lesions are made. For a fi rst-time patient without evidence of 
nerve injury a solitary lesion at 70 °C for 90 sec may suffi ce, whereas two or 
even three lesions may be necessary. Facial fl ushing will usually be observed 
in the distribution being treated. Following lesioning the patient can be  wo ken 
again and sensory testing performed to confi rm the presence of hypesthesia 
to pin in the affected distribution and the loss of triggerability of pain. If fur-
ther lesioning is necessary this can be further performed and testing repeated. 
Once completed, the cannula is removed and a band aid applied to the poke 
incision. The patient is discharged later from the recovery room following 
sensation retesting and seen in clinic follow-up at 2 weeks.

Pain relief is immediate in 99% of patients and 35% of patients have been 
reported pain free at 5 years [4]. The median length of pain relief is 3–4 years 
but is dependent upon the extent of the lesion performed and the degree of 
prior nerve injury.

Serious complications may rarely occur from incorrect initial positioning 
of the cannula including injury to the carotid artery, superior orbital fi ssure 
contents, jugular foramen, cavernous sinus and abducens nerve. Although the 
aim is to produce sensory hypesthesia in the affected trigeminal division, pa-
tients may report complications related to sensory disturbance including in-
tolerable numbness, diffi culty chewing, loss of taste, drooling, dysesthesias 
characterized by sensations of intermittent crawling, burning or itching and 
most rarely anesthesia dolorosa. Masseter weakness and reduced hearing have 
also been reported.

3. GLYCEROL RHIZOTOMY

A 20 G spinal cannula with stylet, 99.9% anhydrous glycerol, radio-opaque 
contrast and C arm fl uoroscopy unit are used.

Preparation of the patient and positioning was described above.
As described above, the foramen ovale is cannulated with a 20 G spinal 

needle and needle position is confi rmed on X-ray as above. CSF fl ow from 
the needle is desirable in confi rming needle position in Meckel’s cave. How-
ever, CSF fl ow is also encountered if the needle is subtemporal and no CSF 
may fl ow in patients who are undergoing revision surgery or have a narrow 
foramen. The patient is positioned sitting upright and radio-opaque contrast 
(iohexol) is then injected under live fl uoroscopy to visualize the trigeminal 
cistern and rootlets and estimate volume. Anhydrous glycerol is then injected 
(average dose of 0.25 ml). The patient is kept in a semi-sitting position for 2 
hours to prevent escape of glycerol into the posterior fossa.

Immediate or early pain relief has been reported in 80–90% of patients 
and may take up to 2 weeks. Long-term pain relief has been variably reported 
to range from 17–99% depending upon the defi nition of failure [8, 3].

Complications are similar to those from radiofrequency lesioning, although 
sensory complications have been reported to be less.
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4. PERCUTANEOUS BALLOON COMPRESSION

A No. 4 Fogarty ballon catheter with cannula and obturator, radio-opaque 
contrast and C arm fl uoroscopy unit are used.

The patient is given a general anesthetic and intubated in the supine 
 position.

As described above, the foramen ovale is cannulated and the balloon cath-
eter is inserted with radiological confi rmation. The balloon is then infl ated to 
the desired pressure and shape and dye is injected to confi rm position. Brady-
cardia and hypertension often occur and infl ation is maintained for 1 minute 
before removal of the balloon.

Initial pain relief (93%) and recurrence (26%) at 3 years has been 
 reported [2].

Complications are similar to other percutaneous procedures.

5. GAMMA-KNIFE RADIOSURGERY

Leksell Gamma Knife (Elekta Instruments, Atlanta, GA, USA), Leksell mod-
el G stereotactic frame and MR imaging capabilities are used.

The patient is given short-acting intravenous sedation (midazolam) and 
atropine and positioned sitting in the bed.

The Leksell (model G) stereotactic frame is applied using local anesthesia. 
The patient then undergoes stereotactic MR imaging (1.5 T) with contrast en-
hancement. T1, T2 and T2 inversion recovery sequences to visualize the 
trigeminal root from the brainstem to Meckel’s cave are acquired and are 
transferred to the workstation for reconstruction and planning in the axial, 
sagittal and coronal planes. A 4 mm isocenter is placed in the distal cisternal 
trigeminal root, 2–4 mm anterior to the junction of the trigeminal root and 
pons and 60 to 90 Gy prescribed using GammaPlan software.

Depending upon the dose given (60–90 Gy), 50–75% of patients remain 
pain free at 3 years; however, long-term follow-up data remains to be deter-
mined [17, 23, 22].

Some degree of facial sensory loss has been reported in up to 10–40% of 
treated patients depending on the dose. The most serious complications, al-
though rare, have arisen from targeting errors as a result of inadequate iden-
tifi cation of the trigeminal root.

HOW TO AVOID COMPLICATIONS

1. MICROVASCULAR DECOMPRESSION

 1.  Hearing loss and cerebellar injury. These appear to be related to the 
extent of lateral to medial retraction of the cerebellar hemisphere 
and consequent traction on the seven eight complex. Adequate ex-
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posure of the transverse sigmoid junction, the judicious release of 
CSF with time, dissection focused toward the petrotentorial junc-
tion and adequate arachnoid dissection should minimize cerebellar 
retraction.

 2.  Vascular complications. These may occur secondary to venous injury 
causing hemorrhage or occlusion and arterial kinking or stretching 
causing ischemia. Continuous visualization of all vascular structures 
during exposure, manipulation, following placement of Tefl on and 
release of the cerebellar retractors is the best means of preventing 
these complications.

 3.  CSF leak. An excellent dural closure performed with interrupted 
neuralon suture is the most critical step. If this cannot primarily be 
achieved, muscle patch reinforcement with artifi cial dural substitute 
(Duragen) and dural sealant (Duraseal) followed by cranioplasty us-
ing a titanium mesh and methylmethacrylate (Norian) is effective. 
Waxing of the mastoid air cells is also important to prevent escape of 
CSF into the middle ear.

2. RADIOFREQUENCY GANGLIOLYSIS

 1.  Incorrect needle placement. Careful attention to patient posi-
tioning, fl uoroscopic visualization of the foramen ovale before 
sedation is given, the use of Hartel’s landmarks and continuous 
fl uoroscopic guidance will minimize the risk of injury to the ca-
rotid or other foramenae. A jaw jerk is helpful clinically to indicate 
penetration of the foramen and if present CSF fl ow. The lateral 
X-ray ensures safety of the depth of the cannula. Use of a medially 
curved tip is useful in picking up more medial and superior oph-
tha lmic rootlets.

 2.  Dysesthesias and anesthesia dolorosa. Titration of the amount of ther-
mal injury to the nerve during the procedure to produce analgesia 
and pin hypesthesia as a safe endpoint minimizes the risks of dys-
esthesia and anesthesia. We start with 70 °C for 90 sec, increasing the 
temperature as necessary for patients with prior nerve injury.

 3.  Glycerol rhizotomy. As for radiofrequency gangliolysis.
 4.  Percutaneous balloon compression. As for radiofrequency gangliolysis.
 5.  Radiosurgery. Careful anatomical identifi cation of the trigeminal 

root is critical.

CONCLUSIONS

We recommend MVD as the fi rst-line therapy for younger patients with TN 
type 1 pain as this gives the best chance of long-term pain relief and cure. 
Outcome for patients with mixed pattern or predominantly TN type 2 pain 
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is less benefi cial. If, however, imaging suggests vascular compression, MVD is 
a reasonable fi rst option. For patients with recurrent pain following MVD, 
older patients who cannot tolerate MVD, and those patients who request a 
less invasive procedure we recommend radiofrequency gangliolysis as the 
 ablative procedure of choice, because the affected trigeminal division can be 
most accurately targeted, sensory loss titrated and the procedure can be 
 repeated. Balloon compression, glycerol injection and radiosurgery are alter-
native options which have more variable onset of pain relief and higher recur-
rence rates because of limited ability to localize the affected division and 
 titrate the degree of nerve injury, but may be considered in patients with fi rst 
division pain with a high risk of sensory loss or out of patient preference.
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NEUROSURGERY FOR SPASTICITY
P. MERTENS

INTRODUCTION

Spasticity corresponds to muscular hypertonia in relation to hyperexcitabili-
ty of the stretch-refl ex. This hyperactivity of spinal refl ex is related to the loss 
of inhibitory infl uences from descending supraspinal structures. Spasticity is 
a component of the upper motor neuron syndrome especially in addition to 
weakness and loss of selective motor control. Spasticity should not be treated 
just because stiffness is present. Most of the time spasticity is useful to assure 
safe balance and for compensating loss of motor strength. With these consid-
erations in mind, spasticity should only be treated when excess muscular tone 
leads to further functional losses, impairs locomotion, or induces deformi-
ties, or chronic pain. As for most procedures in functional neurosurgery, 
surgery for spasticity should be considered as a second line treatment after 
failure of medical therapies (i.e. physical, pharmacological and Botulinum 
toxin injections).

The different surgical methods are classifi ed according to whether their 
impacts are large or focal and whether the effects are temporary or perma-
nent. They include IntraThecal Baclofen therapy (ITB) and hyperselective 
lesions in the peripheral nerves, dorsal roots, dorsal root entry zone in the 
spinal cord and the spinal cord itself (Fig. 1).

Fig. 1. Methods to manage spasticity based on effects of techniques whether focal or gen-
eral and whether permanent or temporary

Keywords: spasticity, movement disorders, functional neurosurgery
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DECISION-MAKING

Because features of disabling spasticity and their consequences differ from 
one patient to another, the general rule is to tailor an appropriate neurosur-
gical program to each patient. The fi rst step is to defi ne the objective(s) of 
the treatment: improvement in function, prevention of deformities, or alle-
viation of discomfort and pain in very disabled patients. In other words, to 
defi ne what can be gained and what will not be obtained with neurosurgery. 
These issues must be explained to the patient, relatives, and care-givers 
managing the patient. The neurosurgical program must be conceived, dis-
cussed and applied within the scope of a multidisciplinary medico-surgical 
team taking into account the global medico-psycho-social status of the 
patient.

There is no unique fashion to take care of patients suffering from hyper-
spasticity, as their clinical status (mono-, hemi-, para- or quadriplegics) and 
the mechanisms leading to spasticity (post traumatic, post stroke, neurode-
generative…) are quite different. Our experience with neurosurgical treat-
ment of spasticity over the last 20 years has led us to believe that teams treat-
ing spasticity should be acquainted with all the technical modalities actually 
available in order to be able to devise the best therapeutical strategy for every 
individual patient [1].

Whatever the procedure may be, it must be performed in a way that 
excess of tone is reduced without suppressing useful muscular tone or 
impairing any residual motor/sensory functions. In patients retaining 
some masked voluntary motility, the goal is to re-equilibrate the articular 
balance between paretic agonist muscles and spastic antagonist muscles, 
resulting in the improvement (or reappearance) of voluntary motility. 
In patients with poor residual or no motor function preoperatively, the 
aim is to stop the progressive orthopaedic deformities and improve 
comfort.

It is necessary to provide neurosurgical treatment together with inten-
sive physical therapy for several weeks. To take the maximal benefi t out of 
surgery, patients have to be sent back to the rehabilitation center postop-
eratively to optimise their new neurological status by a rigorous and inten-
sive program of physical therapy. The result of surgery and its impact on 
the daily life of patients can be appreciated only after a follow-up of not less 
than 6 months.

Complementary orthopaedic operations may be required in patients 
with irreducible contractures, tendon retractions and/or joint deformities 
when persistent after prior neurosurgical treatment. Indeed, when manag-
ing spastic patients, it seems logical to fi rst aim at controlling the origin 
of the disabilities, i.e. the spasticity itself, and then only secondarily try 
to correct its neuro-orthopaedic consequences after spasticity has been 
reduced.
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INTRATHECAL BACLOFEN THERAPY (ITB)

RATIONALE

ITB was developed and reported by Richard Penn and Jeffrey Kroin in 
1985 [10]. The method consists of delivering Baclofen (a GABA-B agonist) in 
the CSF close to an area of high concentrations of gamma aminobutyric acid-B 
binding sites: the spinal dorsal horn. This GABAergic molecule is able to de-
crease the transmission of sensory input pre- and postsynaptically and thus 
decrease refl ex hyperactivity. Pharmacokinetics of baclofen, infused intrathe-
cally, reduces signifi cantly its side-effects as compared to the oral route (name-
ly weakness, drowsiness, nausea, confusion, seizures…). This way of delivering 
baclofen allows for a dramatic decrease of the dosage from an average of 10–
90 mg per day orally to an average of 20–800 μg per day intrathecally.

SURGERY

ITB is delivered by a metal device implanted subcutaneously (under the 
abdominal skin), including a reservoir containing the drug that is refi lled per-
cutaneously every 3–6 months on average and a programmable pump that 

Fig. 2. X-ray of a patient showing a programmable pump under the abdominal skin con-
nected to an intrathecal catheter to treat a diffuse spasticity of both lower limbs
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provides the desired fl ow through a catheter directed to the intrathecal space 
(Fig. 2). The tip of the catheter is generally placed through a lumbar puncture 
at the level of the conus medullaris (T12–L1 vertebral levels) for paraplegic 
patients to modulate the muscular tone in both inferior limbs. Only one 
model of programmable pump is available (Synchromed II® from Medtronic 
company, US).

A trial of ITB is required before performing the surgical implantation of 
the pump to check on the effi cacy and absence of side-effects of the method. 
This test allows the surgeon to defi ne whether there is an appropriate dosage 
of intrathecal baclofen suppressing the excess of spasticity without impairing 
the useful muscular tone necessary to stand and for ambulatory patients to 
walk. For the latter patients, the therapeutical interval for an optimal dosage 
between an excessive and an insuffi cient antispastic effect is often very nar-
row. These tests can be performed via bolus injections of baclofen through 
lumbar punctures when just an “on-off” effect is checked. In the absence of a 
positive response, indicated by a two-point reduction in Ashworth score 4 to 
8 hours following drug administration, the bolus dose is increased by 25 μg 
increments up to a maximum bolus of 100–150 μg. Once a positive response 
is observed without unacceptable loss of function, the patient is considered to 
be a candidate for pump implantation. The “bolus-method” is entailed by 
“false-negative responses” in the sense that the bolus can produce a brutal or 
exaggerated loss of motor power and muscle tone, which might be interpreted 
by the patient as a decrease in functional status. Since this could lead to an 
absence of indication of pump implantation, especially in patients with abili-
ties to walk, the bolus-test should be replaced by a continuous infusion test, 
using an external automatic injection pump connected to a temporary in-
trathecal catheter. The test should last from a few days to an entire week so 
that functional capabilities can be reliably evaluated.

The initial post-implantation infusion dose depends, in part, on the effec-
tive screening dose. Typically, the initial starting dose is double the effective 
screening bolus dose. The dose is then increased daily by 10–30% until the 
desired effect is achieved. The most useful criteria for dose adjustment are the 
effective suppression of the refl exes, i.e. tendon jerk, clonus, spasms, cramps, 
and the decrease of muscle tone. Once the effective dose has been ascertained 
and stabilized, the administration of the drug can be fi ne-tuned. A program-
mable pump allowing cyclical dose adjustments makes it possible to provide 
levels that correlate with the daily variability of spastic symptoms.

INDICATIONS – RESULTS

Best indication for ITB is spasticity in relation to spinal lesion, mainly spas-
ticity due to vertebral trauma or advanced multiple sclerosis. A multicenter 
study has been carried out to determine doses at 12 months, safety and effi -
cacy of ITB in spasticity from spinal origin (205 patients studied). Doses were 
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between 167 and 462 μg/day [average: 298 μg]. Ashworth score decreased 
from 3–4 to 0.5–1.8 according to the series [5].

ITB can also be proposed for hyperspastic states due to brain stem or 
brain lesion and also for severely affected cerebral palsy patients [2]. ITB, 
even through simple lumbar punctures, has been proposed to minimize se-
vere paroxysmal sympathic activity that could happen during the early stage 
of post traumatic cerebral coma. Due to the size of available pumps, ITB can-
not be performed in children weighting less than 25 kg. Patients with associ-
ated choreo-athetosis, hypotonia of neck and trunk, obesity, poor motivation 
and/or severe multiple deformities, are poor candidates for ITB.

HOW TO AVOID COMPLICATIONS

A serious risk of ITB is overdose, which might be irreversible because of the 
lack of true baclofen antagonists. ITB withdrawal syndrome is a very rare but 
potentially life-threatening complication caused by an acute cessation of in-
trathecal baclofen [5]. Therefore this technique requires great care, regular 
check-up of the pump, education of patients and their care-givers with regard 
to these syndromes. Other complications include mechanical catheter migra-
tion or occlusion and infection requiring revision or removal of the system, 
respectively. Advantage of the technique is the reversibility of its effects and 
its capacity of being modulated; but high costs, the necessity of periodically 
refi lling and reprogramming the pump, and also the geographic dependence 
of the patient on the specialized ITB center, have to be taken into account 
when this conservative method is considered.

SELECTIVE PERIPHERAL NEUROTOMIES (SPN)

RATIONALE

Peripheral Neurotomies were introduced for the treatment of localized spastic 
deformities in the foot by Stoffel. More recently Gros and associates, Sindou 
and the present author [8, 12] have made PN more selective by using microsur-
gery for fi ne dissection of fascicles and by mapping with intraoperative electri-
cal stimulation to better identify the function of the individual nerve fascicles.

Selective PN consists in partial sectioning of one or several motor branches 
of the nerve(s) innervating targeted muscle(s) in which spasticity is con sidered 
to be excessive. It interrupts segmental refl ex arc by acting on both afferent and 
efferent pathways. Neurotomy eliminates the afferent pathway corresponding 
to the myotatic arc of the concerned muscle and partially reduces muscle 
strength by section of the efferent pathway. Neurotomy must never involve the 
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fascicles of a nerve trunk composed of mixed motor and sensory nerve fi bers, 
as even partial sectioning of the latter could be responsible for deafferentation 
pain. There is no scientifi c basis for defi ning the extent of the section. However, 
all surgeons agree that partial neurotomy to be effective must include section-
ing of 50–80% (usually 75%) of all branches to a targeted muscle.

SURGERY

1. TECHNICAL PRINCIPLES

1.1 Pre-operative. Motor blocks

Before considering SPN, a test using motor blocks innervating the targeted 
muscle(s) is of prime importance. These blocks, using local anaesthetics such as 
long-lasting bupivacaine, enable the surgeon to evaluate the motor strength of 
antagonist muscles and determine if limitations in articular motion result from 
spasticity or from musculotendinous contractures/articular ankyloses.

Botulinum toxin injections can be used as a “prolonged” test for several 
weeks or months before pursuing neurosurgical treatment, as their effects 
mimic the outcome of selective neurotomies on the injected muscles.

This strategy of using pre-operative injection tests allows the patient to 
appreciate the benefi t that can follow a selective neurotomy. Objectives of 
surgery may be cosmetic (for instance to allow the patient to put his or her 
hand in a pocket), related to nursing (for instance to allow a caregiver to wash 
the palm of the patient’s hand), or functional (to improve walking perform-
ance by reducing an equinus foot).

1.2 Anesthesia

Neurotomy is generally performed under general anaesthesia. Patient posi-
tioning is not always easy because of contractures and limited passive 
mobility. It may be useful to test the effi cacy of the neurotomy procedure 
intraoperatively by examining the stretch refl ex which implies that refl ex 
pathways are not depressed by the anaesthetic drugs. Changes in refl exes can 
be evaluated by intraoperative recording of the H refl ex to guide surgery. 
Therefore, muscle relaxant drugs must be avoided as much as possible, and 
nitrogen monoxide and propofol are contraindicated because they modify 
refl ex excitability. Also, general anaesthesia has to be performed without 
long-lasting curarization so that the motor responses elicited by bipolar elec-
trical stimulation of motor branches can be detected to identify the nerve.

1.3 Mapping

Mapping signifi es the anatomical identifi cation of motor branches. Frequent 
variation in the emergence of nerve branches and limited surgical access can 
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nevertheless make this a diffi cult step. It requires the use of the operating 
microscope. Nerve identifi cation is based on the descriptive anatomy but 
needs to be checked by study of the muscular responses to electrical stimula-
tion. Parameters of stimulation are: 2 Hz frequency, low intensity – usually at 
1 mA – to avoid electrical diffusion and incorrect interpretation. Bipolar (or 
even a triple stimulation hook that limits current diffusion, composed of an 
anode between two cathodes), is used to grasp the nerve branch to be stimu-
lated. Finally, the muscular responses to stimulation are appreciated clinically 
by the surgeon himself or by EMG recordings.

1.4 Sectioning

Once all motor branches have been identifi ed by electrical stimulation, those 
considered responsible for harmful spasticity are marked separately with col-
oured tapes. According to the preoperative evaluation and subsequent pro-
gram, variable proportions (50–80% depending on the degree of preoperative 
spasticity) of the isolated motor branches (or fascicles) are resected under the 
operating microscope near the muscle to ensure that only the muscular 
branches (or fascicles) are cut. The resection is 5 mm long from the proximal 
stump, which is coagulated with fi ne bipolar forceps to prevent regrowth of 
fi bres. When there are several nerve branches for one muscle, one or more 
branches can easily be sectioned completely until the global amount needed 
for the muscle in question is attained.

The effect of each nerve resection on spasticity is then evaluated by com-
paring muscle responses to electrical stimulation, fi rst proximally then dis-
tally to the resected portion of the nerve. If the response after proximal 
stimulation is still intense, further resection can be performed. Aim is to de-
crease muscle innervation enough to avoid further recurrence of spasticity by 
“take-over” (reinnervation or “adoption” of muscular fi bres denervated as a 
result of neurotomy, by the surrounding motor fi bres).

1.5 Postoperative care

Immobilisation and casts are not systematic after SPN. Patients are encour-
aged to mobilize the operated limb as soon as possible. As early as cicatrisa-
tion is obtained, a tailored program of rehabilitation begins for several months 
to stretch progressively previously spastic muscles and in the best of cases to 
take profi t of new functional capacities.

2. SURGICAL TECHNIQUE

2.1 For the upper limb (Fig. 3) [4, 7]

Pectoralis major muscle neurotomy for spastic shoulder in adduction [4]
Neurotomy of collateral branches of the brachial plexus innervating the pec-
toralis major is indicated for spasticity of the shoulder with internal rotation 
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and adduction. The skin incision is made at the innermost part of the delto-
pectoral sulcus and curves along the clavicular axis. First, the clavipectoralis 
fascia is opened. Then the upper border of the pectoralis major muscle is re-
fl ected downward. Close to the thoraco-acromialis artery, the ansa of the 
pectoralis muscle is identifi ed with the aid of a nerve stimulator.

Teres major muscle neurotomy for spastic shoulder [4]
Neurotomy of collateral branches of the brachial plexus innervating the 
teres major is also indicated for spasticity of the shoulder with internal rota-
tion and adduction. The skin incision follows the inner border of teres ma-
jor, from the lower border of the deltoid muscle’s posterior head to the 
lower extremity of the scapula. The lower border of the long portion of 
brachii triceps constitutes the upper limit of the approach. The dissection 
continues deeply between teres minor and major muscles. In the vicinity of 
the subscapularis artery, the nerve ending on teres major is identifi ed. The 
nerve is surrounded by thick fat when approaching the anterior facet of the 
muscle body.

A B
Fig. 3. Selective peripheral neurotomies for upper limb. A Skin incision line for right 
musculocutaneous neurotomy, along the medial aspect of the biceps brachii, under the 
inferior edge of the pectoralis major muscle. Dissection of the right musculocutaneous 
nerve (MC) in the space between the biceps brachii (BB) laterally, the coraco brachialis 
(CB) medially, and the brachialis (B) posteriorly. Branches to brachialis [1, 2] and to biceps 
brachii [3, 4] are recognized by stimulation giving elbow fl exion. Humeral artery (H) with 
median nerve are situated medially and are not dissected. B Skin incision line on the right 
forearm for median neurotomy from the medial aspect of the biceps brachii at the level 
of the elbow longitudinally along the bicipital crest. Dissection of the median nerve, the 
pronators teres (PT) is retracted upward and laterally, the fl exor carpi radialis (FCR) medi-
ally. Branches from the median nerve (MN), before it passes under the fi brous arch of the 
fl exor digitorum superfi cialis (FDS), are dissected: to the pronators teres [1], and the nerve 
trunks to the fl exor carpi radialis, palmaris longus and fl exor digitorum superfi cialis [2, 
3]. The fi brous arch of the FDS can be sectioned to allow a more distal dissection of the 
median nerve and its branches to fl exor pollicis longus, fl exor digitorum profondus and 
interosseous nerve and its proper branches that can be targeted for neurotomies in case 
of spastic fl exion of fi ngers
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Musculo-cutaneous neurotomy for spastic elbow in flexion [7]
Neurotomy of the musculo-cutaneous nerve is indicated for spasticity of the 
elbow with fl exion, depending on the biceps brachii and the brachialis muscles. 
The skin incision is performed longitudinally. It extends from the inferior edge 
of pectoralis major, medial to the biceps brachii, down to 5 cm. The superfi cial 
fascia is opened between the biceps laterally and the brachialis medially. The 
brachial artery and median nerve exit medially. The dissection proceeds in this 
space, where the musculocutaneous nerve lies anterior to the brachialis muscle. 
Opening of the epineurium allows the fascicles of the nerve to be dissected 
under high magnifi cation of the operating microscope. The motor fascicles are 
distinguished from the sensitive ones by using the nerve stimulator.

Median neurotomy for spastic wrist and fingers [7]
Neurotomy of the median nerve is indicated for spasticity of the forearm with 
pronation depending on the pronator teres and quadratus muscle and spasticity 
of the wrist with fl exion depending on the fl exor carpi radialis and palmaris 
longus muscles. For the hand, median neurotomy is indicated for spasticity of 
the fi ngers with fl exion depending on the fl exor digitorum superfi cialis (fl exion 
of proximal interphalangeal joint and metacarpophalangeal joint) and on the 
fl exor digitorum profondus muscle (fl exion of distal interphalangeal, proximal 
interphalangeal, and metacarpophalangeal joint), partly innervated by the me-
dian nerve. Swan neck deformation of the fi ngers depending on the lumbrical 
and interosseous muscles can be limited by neurotomy; these muscles being 
innervated by the median and ulnar nerves. Concerning the thumb, neurotomy 
of the median nerve is indicated for spasticity with fl exion and adduction/fl ex-
ion (thumb-in-palm deformity) depending on the fl exor pollicis longus. The 
skin incision begins 2–3 cm above the fl exion line of the elbow, medial to the 
biceps brachii tendon, passes through the elbow, and curves toward the junc-
tion of the upper and middle thirds of the anterior forearm. Thereafter, the 
median nerve is searched medially to the brachial artery and recognized at the 
elbow, deeply under the lacertus fi brosus, which is cut. Sharp dissection is used 
to separate all the muscular branches of the median nerve. The belly of pronator 
teres with its two heads is retracted medially and distally so that its muscular 
branches can be inspected. This muscle is retracted up and laterally while the 
fl exor carpi radialis is pulled down and medially. The muscular branches to the 
fl exor carpi radialis and to the fl exor digitorum superfi cialis then can be seen. 
Finally, the latter is retracted medially uncovering the branches to the fl exor 
digitorum profondus, the fl exor pollicis longus, and the pronator quadratus. 
These latter muscular branches may be individualized as separate branches 
or remain together in the distal trunk of the anterior interosseous nerve. 
Sometimes, it may be useful to divide the fi brous arch of the fl exor digitorum 
superfi cialis muscle to make dissection easier. This wide approach with a large 
dissection along the anterior compartment of the forearm is necessary as there 
is no alternative allowing a safe control of all the muscular branches of the me-
dian nerve. An attempt to dissect the motor fascicles proximally in the trunk of 
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the median nerve includes the risk of sensory complications, especially of de-
veloping a complex regional pain syndrome as motor, sensitive and vegetative 
fi bres are mixed in the fascicles composing the median nerve at this level.

Ulnar neurotomy for wrist and fingers [7]
Neurotomy of the ulnar nerve is also indicated for spastic wrist in fl exion and 
ulnar deviation, both depending on the fl exor carpi ulnaris. In the hand, ulnar 
neurotomy is indicated for spasticity of the fi ngers with fl exion depending on 
the fl exor digitorum profondus muscle (fl exion of distal interphalangeal, 
proximal interphalangeal, and metacarpophalangeal joint), partly innervated 
by the ulnar nerve. A separate, arched skin incision is performed to expose 
the ulnar nerve at the medial part of the elbow. After subcutaneous dissection, 
the ulnar nerve is identifi ed medially to the medial epicondyle, it then enters 
distally between the two heads of the fl exor carpi ulnaris. There, the motor 
branches to this latter muscle are identifi ed. More distally, the branches to the 
medial half of the fl exor digitorum profondus are found.

Ulnar neurotomy is also indicated for spasticity with a “thumb in palm” 
deformity (adducted and fl exed thumb). For this indication, it is preferable to 
control the ulnar nerve at the level of the wrist by a short skin incision just 
lateral to the insertion of the ulnar carpi fl exor muscle on the pisiform bone. 
After section of the expansion of the fl exor retinaculum, the division of the 
nerve between a superfi cial sensory branch and a deep motor branch is identi-
fi ed. Under magnifi cation and stimulation, the motor fascicles for the adduc-
tor pollicis muscle and the deep part of the fl exor pollicis brevis are identifi ed 
and partially sectioned.

2.2 For the lower limb (Fig. 4) [5, 8]

Obturator neurotomy for the spastic hip
Obturator nerve SPN reduces spasticity in adductor muscles. It is often pro-
posed for diplegic children with cerebral palsy when their walking is hampered 
by scissoring posture of the lower limbs. It can also be proposed to facilitate 
perineal toilet and self-catheterization. To isolate the anterior branch of the ob-
turator nerve, a transverse skin incision is performed in the hip fl exion fold, 
centered on the prominence of the adductor longus tendon. This incision facili-
tates adductor longus tenotomy when considered in the same surgical proce-
dure. The dissection is conducted laterally to the adductor longus muscle body 
just below the subpubic canal. The posterior branch is situated more deeply and 
should be spared to preserve the muscles useful for the stabilization of the hip.

Hamstring muscles neurotomy for the spastic knee in flexion
Hamstring neurotomy counters fl exion deformity of the knees. The trans-
verse incision is performed in the gluteal fold, centered on the groove be-
tween the ischium and the trochanter major. After retraction of the fi bers of 
the gluteus maximus, the sciatic nerve is identifi ed in the depth of the incision. 
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The branches to the hamstring muscles are isolated at the lateral border of the 
nerve and iden tifi ed by the responses of the semitendinosus and semimem-
branosus muscles.

Tibial neurotomy for the spastic foot [12]
Tibial neurotomy is indicated for the treatment of equino-varus spastic foot 
with or without claw toes. All motor branches of the tibial nerve at the pop-
liteal fossa (i.e. the nerves to gastrocnemius and soleus, tibialis posterioris, pop-
liteus, fl exor hallucis longus, and fl exor digitorum longus) are identifi ed and 
isolated. The skin incision can be vertical on either side of the popliteal fossa. 
Over recent years, a transverse incision in the popliteal fossa, which gives a 

A B C
Fig. 4. Selective peripheral neurotomies for lower limb. A Skin incision for (right) obturator 
neurotomy, on relief of adductor longus muscle [1] or in the hip fl exion fold centered on the 
prominence of the adductor longus tendon [2] which gives a cosmetic advantage. Dissection 
of the anterior branch (AB) of the right obturator nerve (ON). The adductor longus (AL) is re-
tracted laterally and the gracilis (G) medially. The nerve is anterior to the adductor brevis (AB). 
Adductor brevis nerve [1, 2], adductor longus nerve [3], gracilis nerve [4, 5]. The posterior 
branch (PB) of the obturator nerve lies under the adductor brevis (AB) and should be spared. B 
Skin incision for hamstring neurotomies (on the right side) is located on the midline between 
the ischial tuberosity (IT) and the greater trochanter (GT) [1]. A transverse incision can also 
be performed in the gluteal fold [2] centered on the groove between the ischial tuberosity 
and the greater trochanter, for better aesthetic results. Dissection of the right sciatic nerve 
(SN), under the piriformis muscle (P), after passing through the fi bers of the gluteus maximus 
muscle (GM). The epineurium of the nerve is opened and fascicles for hamstring muscles (HF) 
are localized in the medial part of the nerve trunk. Inferior gluteal nerve (IGN), inferior gluteal 
artery (IGA). C Skin incision for tibial nerve, neurotomy in the right popliteal fossa. Dissection 
of the tibial nerve, dorsal view of the right popliteal region

 The sensory sural nerve lies superfi cially just beneath the subcutaneous aponeurosis  
between the two gastrocnemius muscles

 The medial and lateral gastrocnemius nerves may arise either separately from both  
sides of the tibial trunk or posteriorly from a common origin, sometimes including 
the sensory sural nerve. Each gastrocnemius nerve usually divides into two distal 
branches when approaching the muscle.

 The one or two soleus nerves may arise from a common origin or quite separately  
from the tibial nerve.

 The posterior tibialis nerve, like the soleus nerve, originates from the ventro-lateral  
aspect of the tibial nerve, but more distally at the level of the soleus arch. Sometimes 
it may originate from a common trunk with the inferior branch of the soleus nerve.

 The distal trunk of the tibial nerve contains 12–15 groups of fascicles averaging 1 mm  
in diameter each; two thirds of them are motor fascicles, one third are sensory ones
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much better long-term aesthetic result, has been adopted. The fi rst nerve to be 
identifi ed is the sensory medial cutaneous nerve of the leg. Situated immedi-
ately anterior to the saphenous vein, it must be spared. More deeply, the tibial 
nerve trunk from which the nerves to the lateral and medial gastrocnemius 
come into view is easily identifi ed. The superior soleus nerve is situated in the 
midline, just posterior to the tibial nerve (often via a common branch with the 
lateral gastrocnemius). The effect of a soleus neurotomy is assessed by the im-
mediate intraoperative disappearance of ankle clonus. By retracting the tibial 
nerve trunk medially, the other branches can be identifi ed by electrical stimula-
tion as they emerge from the lateral edge of the tibial nerve trunk. The most 
lateral branch is often the popliteal nerve, followed by the tibialis posterior 
nerve, and fi nally by the inferior soleus nerve. To avoid a large dissection of the 
posterior compartment of the leg to control all the branches for fl exor muscles 
of the toes, it is possible to open the tibial nerve trunk in the distal part of the 
popliteal fossa. After dissection of the epineurium, the motor fascicles for fl ex-
or digitorum and hallux longus muscles can be identifi ed by tripolar stimula-
tion in the anterior and lateral compartments of the nerve trunk. Care has to be 
taken to avoid any sensory fascicle lesion and to reserve sectioning to fascicles 
with clear muscular responses at the lowest intensity of stimulation. Some fas-
cicles, often larger, can give a toe fl exion response via intrinsic toe fl exors. 
However, neurotomy of these fascicles is not recommended if they cannot be 
clearly individualized at this level as they may be mixed with sensory fi bers.

Anterior tibial neurotomy for extensor hallucis
This neurotomy (rarely performed) is indicated to treat permanent extension 
of the hallux (permanent Babinski refl ex) making it diffi cult to wear shoes, 
and after botulinum toxin injections have failed. In practice, this neurotomy 
may be indicated after unjustifi ed section of the fl exor hallucis tendon, re-
sponsible for a disequilibrium that favours the extensor. A vertical incision is 
centered on the junction between the tibialis anterior and the extensor hallu-
cis, at the middle third of the anterior side of the leg. The tibial nerve is situ-
ated deeply between these two muscle heads and the neurotomy is performed 
on the motor branch to the extensor hallucis.

Femoral neurotomy for spastic quadriceps
Femoral neurotomy is indicated to treat excessive spasticity of the quadriceps 
muscle. This muscle is very often spastic and can interfere with gait by limiting 
knee fl exion during the swing phase. Given its “strategic” importance in main-
taining upright posture, a motor block is an essential part of preoperative evalu-
ation. The neurotomy mainly concerns the motor branch to the rectus femoris 
and vastus intermedius muscles. The incision is horizontal in the hip fl exion 
fold. The dissection passes medial to the sartorius muscle body and exposes the 
branches of the femoral nerve. First the nerve to the rectus femoris and then, 
more deeply, the nerve to the vastus intermedius are identifi ed by electrical stim-
ulations taking care to save the large number of sensory branches of this nerve.
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HOW TO AVOID COMPLICATIONS

Local complications include postoperative hematoma and infection. They are 
rather rare if preventive measures are respected. Sensory disturbances, such as 
paresthesias and dysesthesias, followed by transient neuropathic pain, could 
be observed if sectioning accidentally included sensory fascicles. No need to 
stress the importance of a rigorous identifi cation of motor fascicles by precise 
stimulation. Patients rarely complain of decreased muscle strength after selec-
tive neurotomy. Muscle function is redundant, and no single muscle ensures 
the movement of a body segment without the possibility of substitution by 
another muscle.

Specifi cally in surgery of the upper limb, complications include (rare) 
transient hypesthesia of the anterior part of the forearm because of the surgi-
cal approach with lesion of subcutaneous sensitive branches rather than of 
neurotomies themselves (concerning only muscular nerves). Paresis of fl exors 
of the elbow, wrist, fi ngers, or both (because of excessive nerve sectioning) is 
rare, generally transient, and responds to physical therapy.

Recurrence of spasticity can be observed when the mean amount of sec-
tioning is insuffi cient; in this case reintervention can be performed after new 
motor block testing.

SURGERY ON DORSAL SPINAL ROOTS

RATIONALE

In 1898, using the animal model of mesencephalic trans-sectioning, Sherrington 
described that decerebration rigidity could be abolished by sectioning dorsal 
roots. From these experimental data, Foerster in 1908 performed the fi rst 
dorsal rhizotomies from L1 to S2 (not L4, root of quadriceps) for the treat-
ment of lower limb spasticity in cerebral palsy. The results of his series of 159 
patients were published in 1913. To reduce the sensory harmful effects of 
Foerster’s original technique, Gros and collaborators [6] introduced a slight 
modifi cation which consisted of preserving one rootlet out of fi ve (on aver-
age) for each root, from L1 to S1. The number of preserved rootlets was suf-
fi cient to maintain normal sensations in the patients’ lower limbs in 70% of 
cases. In addition to the effects in the lower limbs, the authors have observed 
indirect effects such as a decrease in the spasticity of the upper limbs and an 
improvement in speech and swallowing. To further reduce the incidence of 
secondary effects on the postural tone of patients that were capable of walk-
ing, Gros and pupils introduced the topographical selection of rootlets to 
preserve the innervation of muscles responsible for the useful tone (especially 
quadriceps, abdominal and gluteal muscles). This technique called “sectorial 
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posterior rhizotomy” is based on the mapping of the dorsal roots by electri-
cal stimulation.

In 1977, Fraioli and Guidetti developed a slight variation of dorsal rhizo-
tomy: the “partial dorsal rhizotomy”, which consisted of sectioning the dor-
sal part of each rootlet of roots a few millimeters before their entry into the 
dorsolateral sulcus.

In 1976, Fasano and collaborators introduced the “functional dorsal rhizo-
tomy”. This technique was based on the intra-operative bipolar stimulation 
of dorsal rootlets in association with observations of clinical responses and 
electromyographic monitoring of the muscles of the lower limbs. The  authors 
believe that responses characterized by an exaggeration in duration or extent 
of motor responses are dependent on the roots involved in the abnormal 
 circuits that cause spasticity. These roots have to be surgically sectioned.

In contrast, in cases with lower limb spasticity, very few dorsal rhizoto-
mies have been attempted at the cervical level for upper limb hypertonia.

In 1945, Munro suggested sectioning of ventral roots from the last tho-
racic roots to the fi rst sacral root to treat irreducible spasticities with severe 
spasms. This type of procedure was recommended in cases of spasticity 
associated with spontaneous hyperactivity of motor neurones, as observed 
following anoxia. In such cases, clinical and experimental data show that 
attempts to section dorsal roots are ineffective, whereas ventral root section-
ing abolishes spasms. More recently, Albright and Tyler-Kabara [3] proposed 
an association of ventral and dorsal rhizotomies to treat children suffering 
from spasticity associated with secondary dystonia who have axial hypotonia 
and are not candidate for ITB.

In parallel with open surgical techniques, intrathecal chemical rhizotomies, 
originally introduced for the treatment of pain associated with cancerous le-
sions, were also used for the treatment of severe spasticity. The frequent ap-
pearance of undesirable effects on motoricity and sphincter functions, 
and the fact that results did not always persist at long-term follow-up led to 
abandoning this technique. Percutaneous thermorhizotomy was also applied to 
treat focal spasticity, especially in cases with neurogenic detrusor hyperrefl exia 
of the bladder that are treated by sacral rhizotomy through the sacral foramens. 
Percutaneous thermocoagulation was also described on lumbar roots, in par-
ticular L2–L3 for the treatment of fl exion-adduction of the spastic hip [14].

SURGERY

Dorsal rhizotomies are most frequently used for children with cerebral palsy. 
The techniques will therefore be developed in a corresponding chapter by 
R. Abbott.

Surgical approaches for dorsal rhizotomies may signifi cantly differ from 
one team to another. The most classical technique – described by Peacock and 
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Arens and Abbott et al. [1] is as follows. The L1 through S1 laminae are re-
moved using a power saw, which allows replacement of the lamina at the end of 
the procedure. Bipolar stimulation of the sensory roots (or rootlets), usually of 
L2 through S1 bilaterally, is carried out using a multichannel EMG recorder to 
allow electrical monitoring outside the myotome of the root being stimulated. 
In addition, it is important to palpate the leg muscles for evidence of contrac-
tion. Roots which – when stimulated – cause either muscle activity outside of 
its myotome or activity lasting after cessation of the stimulus current are deemed 
abnormal, and they are separated into their rootlets. The rootlets are in turn 
stimulated and the same criteria are used to judge their normality. Abnormally 
responsive rootlets are best candidates to be cut.

To further reduce the invasiveness of the approach, Sindou in 2001 de-
signed the “staged interlaminar (IL) approach” [5, 11]. The level(s) depends 
on the roots to be targeted according to the preoperative chart (= i.e. the 
program elaborated with the rehabilitation team). The lumbo-sacral spine is 
approached posteriorly on the midline, so that the preselected interlamina 
spaces can be reached. For L2 dorsal root, the interlaminar approach should 
be L1–L2, for L3: L2–L3, for L4: L3–L4 for L5: L4–L5, for S1 and/or S2: 
L5–S1. After resecting the fl avum ligament, the interlaminar space has to be 
enlarged by resecting (in the order of) the lower half of the susjacent and the 
upper half of the subjacent laminae. Then the dural sheath is opened on the 
midline over two centimeters. L2 and L3 roots can be reached through L1–L2 
opening, L4 and L5 roots through L3–L4 IL opening, S1–S2 roots through 
L5–S1 IL opening. Generally, the dorsal rootlets (fi ve on average) are easily 
identifi ed, as they are grouped posteriorly to the ventral root, separated from 
the latter by an arachnoid fold. Evoked motor responses to stimulation (with 
a bipolar electrical stimulator) are tested for ventral and then dorsal root 
(rootlets). Threshold for obtaining motor responses by stimulating dorsal 
root (rootlets) is at least three times the one of the corresponding ventral root 
(rootlets). After identifi cation of the dorsal rootlets, the appropriate number 
of them is divided, between one-third and two-thirds of the overall dorsal 
rootlets, according to the preoperative chart. Then, the dural incision is sutured 
in a tight fashion and the dural suture line covered with fat tissue harvested 
from the subcutaneous layer. Whatever the modality of dorsal rhizotomy may 
be, surgery is tailored according to the preoperative status [11].

INDICATIONS – RESULTS

The results of posterior rhizotomies in children with cerebral palsy have re-
cently been reported in several publications. In brief, these publications show 
that about 75% of the patients had nearly normal muscle tone at one year or 
more after surgery and which no longer limited the residual voluntary move-
ments of the limbs. After physical therapy and rehabilitation programs, most 
children demonstrated improved stability in sitting and/or increased effi cien-
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cy in walking. However, installed deformities were not retrocessive and might 
require complementary orthopaedic surgery.

HOW TO AVOID COMPLICATIONS

Special care must be taken to avoid instability of spine by excessive 
laminectomy.

Bilateral partial section of S3 rootlets induce micturation disturbances. To 
avoid such indesirable lesions of S3, some authors advocate for the use of in-
traoperative cystometry (i.e., monitoring of bladder pressure that is increased 
by S3 root stimulation) via a transurethral catheter.

SURGERY IN THE SPINAL DORSAL ROOT 
ENTRY ZONE (DREZ)

RATIONALE

Surgery in the Dorsal Root Entry Zone (DREZ) of the spinal cord was intro-
duced in 1972 by M. Sindou for the treatment of chronic pain. This technique 
also induced important hypotonia and was therefore used by the author in cases 
of severe focalized spasticity [13], not only for lower limb but also for upper limb 
hyperspasticity [11]. The purpose of the microsurgical DREZotomy technique 
is to preferentially interrupt both small (nociceptive) and large (myotatic) caliber, 
tonigenic fi bers of the dorsal roots, either situated laterally and in the middle 
of the entry zone. This surgical lesion is partially, if not totally, able to spare the 
medial large caliber fi bres that project into the dorsal column of the cord.

SURGERY (Fig. 5)

The microsurgical technique is presented in more details in a separate chap-
ter of this book devoted to neurosurgery for neuropathic pain. In brief, for 
patients with spastic paraplegia, the L2–S1 spinal metameric levels are ap-
proached through a T11–L2 laminectomy, whereas for a spastic upper limb, 
a C4–C7 hemilaminectomy with conservation of the spinous processes is 
suffi cient to reach the C5–T1 segments. Identifi cation of the cord levels re-
lated to the undesirable spastic mechanisms is achieved by studying the 
muscle responses to bipolar electrical stimulation of the anterior and/or 
posterior roots. The motor threshold for stimulation of anterior roots is 
one-third that of the threshold for posterior roots. Then, the lateral aspect 
of the DREZ is exposed so that the microsurgical lesions can be performed 
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3 mm in depth and angles of 35–45  in the ventro-lateral aspect of the sul-
cus. Bipolar coagulation is performed ventrolaterally at the entrance of the 
dorsal rootlets into the dorsolateral sulcus, along all the spinal cord seg-
ments selected for surgery and corresponding to the metameric levels of 
innervation of the targeted disabled spastic muscles. Any coagulation is per-
formed under direct vision for 1–3 seconds at low intensity with the bipolar 
generator [14].

INDICATIONS – RESULTS

Microsurgical DREZotomy (MDT) is indicated in paraplegic patients, espe-
cially when they are bedridden as a result of disabling fl exion spasms and in 
hemiplegic patients with irreducible and/or painful hyperspasticity in the up-
per limb. MDT can also be applied at levels S2–S3 to treat neurogenic bladder 
with uninhibited detrusor contractions resulting in the voiding around a 
 vesical catheter.

In our series [11], a signifi cant decrease in spasticity (at least a 2-point 
reduction in Ashworth score) allowing the withdrawal of antispasmodic 
medications was obtained in 78% of patients with spastic upper limb. A 
similarly useful effect was obtained in 75% of patients with spasticity in the 

A B

Fig. 5. Operative view of DREZotomy. A At the cervical level for upper limb spasticity. Inci-
sion with a microknife in the dorsolateral sulcus at the level of the right C6 root which is 
retracted medially. Incision is a 35  angle descending to a depth of 2–3 mm. B At the lum-
bosacral level for lower limb spasticity. Exposure of the dorsolateral aspect of the conus 
medullaris on the left side. The rootlets of the selected dorsal roots are retracted dorso-
medially and held with a (specially designed) ball-tip microsucker, which is used as a small 
hook to gain access to the ventrolateral part of the DREZ. Incision with a microknife in the 
dorsolateral sulcus. At each level, the surgical lesion is completed by performing microco-
agulations under direct magnifi ed vision (at a low intensity) inside the incision by means of 
a special sharp bipolar forceps, which is insulated except at the tip over 5 mm and gradu-
ated every millimeter
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Fig. 6. Guidelines for treating disabling hyperspasticity, paraplegic (top), and hemiplegic 
(middle and bottom) patients
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lower limbs. Improvement in abnormal postures and articular limitations 
was achieved in about 90% of patients. For the hemiplegic upper limb, the 
increase in articular amplitude was most remarkable for the elbow and 
shoulder (when not “frozen”), but much more limited for the wrist and 
fi ngers, especially if there was retraction of the fl exor muscles and no re-
sidual voluntary motor activity in the extensors. For the lower limb(s) with 
abnormal postures in fl exion, the increase in articular amplitude was very 
much dependent on the degree of preoperative retractions. When the post-
MDT gains were deemed insuffi cient due to persistent joint limitations, 
complementary orthopaedic surgery was indicated. Bladder capacity was 
signifi cantly improved in 85% of patients with hyperactive neurogenic 
bladder with urine leakage around the catheter. Pain, when present, was 
in general favourably infl uenced. MDT constantly produced a marked de-
crease in thermo-algic sensations, so that the patient has to be informed 
preoperatively.

HOW TO AVOID COMPLICATIONS

With the microsurgical DREZotomy technique, permanent neurological 
complications due to long tract impairments were reported in 3.5% of the 
patients. Ataxia with tactile and arthrokinesthetic hypoesthesia in the ipsilat-
eral lower limb was observed when the DREZ lesion was performed too 
medially and impaired the dorsal column tract. Motor disturbances in the 
ipsilateral lower limb happened in case of pyramidal tract lesion if lesions 
were placed too lateral. 1.3% of patients complained about genito-urinary 
disturbances, presumably due to excessively deep lesioning into the central 
cord. CSF leak occurred in 1.5% of the cases.

SURGERY OF THE SPINAL CORD

In 1951, Bischof described the longitudinal myelotomy technique for the 
treatment of spasticity. His aim was to interrupt the spinal refl ex arc between 
the ventral and dorsal horns by vertical coronal incision, performed laterally 
from one side of the spinal cord to the other from L1 to S1 metameric levels 
for cases with total paraplegia. Pourpre modifi ed Bischof’s myelotomy tech-
nique to avoid complete interruption of cortico-spinal fi bres. Through a T9 
to L1 laminectomy, the procedure was performed via posterior longitudinal 
sagittal incision of the spinal cord prior to performing a cruciform myeloto-
my by transversal incision on either side using a stylet with right-angled ex-
tremity. The purpose of this surgical lesion was to interrupt the spinal refl ex 
arc between the ventral and dorsal horns without sectioning the fi bers con-
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necting the pyramidal tract to the motoneurones of the ventral horn. Later 
on, this technique was popularized by Laitinen and Singounas, who created a 
special surgical knife to perform less damaging myelotomies. Longitudinal 
myelotomy is indicated (only) for spastic paraplegias with fl exion spasms 
when the patient has no residual useful motor function and no bladder or 
sexual controls [14].

CONCLUSIONS

A neurosurgical program for the treatment of disabling spasticity resistant 
to physical and medical therapy has to be tailored to the individual prob-
lems of each patient. Intrathecal Baclofen infusion is indicated for para- or 
tetraplegic patients with severe and diffuse spasticity in the lower limbs. 
Owing to its reversibility, this method has to be considered prior to select-
ing an ablative procedure. Neuro-ablative techniques are indicated for 
severe focalized spasticity in the limbs of paraplegic, tetraplegic or hemi-
plegic patients. Neurotomies are indicated when spasticity is localized in a 
group of muscles innervated by a small number of peripheral nerves. When 
spasticity affects an entire limb, DREZotomy is preferred. Several types 
of neuroablative procedures can be combined for the treatment of one pa-
tient. Whatever the situation and the aetiology may be, orthopaedic sur-
gery is to be considered only after spasticity has fi rst been reduced by 
physical and pharmacological treatments and, if necessary, by neurosurgi-
cal procedures.

When managing these patients, the neurosurgeon must be aware of the 
risks connected with each of the available procedures. To minimize these 
risks, the surgeon needs rigorous methods to assess and quantify the disor-
ders and the ability to work within the scope of a multidisciplinary team.
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SELECTIVE DORSAL RHIZOTOMY FOR THE 
TREATMENT OF CHILDHOOD SPASTICITY

R. ABBOTT

INTRODUCTION

The most common disorder of the nervous system affecting young children is 
cerebral palsy. Cerebral palsy is a non-progressive disorder of the nervous system 
affecting muscle tone, posture and movement. It is due to an injury to the ner-
vous system sustained either in utero or at birth. Some would expand the defi ni-
tion to include non-progressive nervous system disorders due to injuries not 
only during the perinatal period but also during the fi rst several years of life.

Cerebral palsy can affect the legs (diplegia), the arms and legs (quadriple-
gia), one side of the body symmetrically (hemiplegia) or both sides of the 
body with one side being affected more than the other (double hemiplegia). 
Generally, the tone aberration can be spastic in nature, dystonic or mixed 
(both spasticity and dystonia) (Table 1). As the child with cerebral palsy ages 
secondary complications such as muscle contracture and joint subluxations 
can occur complicating the management and care of the child. For that reason 
a multitude of treatments have been advanced to avoid these complications. 
One such treatment is the selective dorsal rhizotomy or the cutting of sen-
sory nerve roots coming from the legs of a child with spasticity.

RATIONALE

The reason a child undergoes a selective dorsal rhizotomy (SDR) is either to 
make a physical therapist’s efforts more successful by normalizing the muscle 
tone in an extremity or to ease the burden of care takers by eliminating spas-
ticity that complicates dressing, bathing, toileting and positioning. The more 
involved the child’s limbs are with spasticity the more  important is the discus-
sion with the child and parents as to what their goals are for the SDR. It is not 
unusual for families to have secreted goals such as wanting a normal child or 
a child who will run and engage in normal activities. It is best to discover 
these secreted goals prior to surgery so that they can be addressed realisti-
cally. One effective way to address this issue is to discuss with the treating 
 therapist what sort of goals will be set once tone is normalized. This is 

Keywords: rhizotomy, selective posterior rhisotomy, sensory rhizotomy, 
functional rhizotomy, childhood spasticity, cerebral palsy
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 par ticularly effective when the therapist is experienced in working with chil-
dren after SDR. The surgeon and therapist can then discuss these goals with 
the family. Also important is an understanding of what type and amount of 
therapy will be available for the child after the SDR. Again, this surgery only 
decreases muscle tone. It does nothing to the functioning of the targeted limb. 
In fact, it is not uncommon for a limb to transiently deteriorate in its function 
after a SDR. It is therefore extremely important that the child have therapy 
after a SDR. The surgery should not be done if therapy will not be available 
for the child after the SDR.

DECISION-MAKING

Selective dorsal rhizotomy (SDR) only treats spasticity. If employed on a 
child with either dystonic cerebral palsy or mixed cerebral palsy, there will be 
a treatment failure within several years of the surgery. Consequently for these 
types of cerebral palsy (CP) intrathecal baclofen is favored over SDR. Key to 
successfully using SDR on children with cerebral palsy is knowledge on how 
to perform a good tone examination. First, a good history is taken. Spastic 
children typically have a history of being born around 30 weeks gestation. If 
the child was born at term, the overwhelming probability is that the child 
does not have spasticity or has mixed cerebral palsy and will not be a good 
candidate for an SDR. During the history taking, time is spent observing the 
child sitting in its parent’s arms relaxed. If choreoathetoid or writhing fi nger 
movements are noted the child has either dystonic CP or mixed CP and is not 
a good candidate for SDR. Similarly, if the child cannot maintain an erect 
posture, i.e., has the so called fl oppy trunk, then the child is not purely spastic 
and is not a good candidate for SDR.

Table 1. Types of childhood hypertonia

Type Characteristics

Spasticity Hypertonia builds with movement.
Dystonia Involuntary, sustained muscle contractions which result in a 

stereotypic pattern of movement ending in a fi xed posture.
Athetosis Worm-like movement seen typically in fi ngers.
Tension 

“Athetosis”
Extensor pattern of generalized hypertonia which can be shaken 
out of child by rapidly shaking body.

Chorea Abrupt spontaneous, irregular movements which have a smooth, 
non-repetitive nature.

Rigidity Initial resistance to movement which does not build with repetitive 
movements and commonly diminishes with movement.

Mixed One or more of above. Typically athetoid movements will be seen 
in the hands and rigidity in the legs. Spasticity not uncommonly 
present.



389

SELECTIVE DORSAL RHIZOTOMY FOR THE TREATMENT OF CHILDHOOD SPASTICITY

Next the arms and legs are tested for spasticity. Spasticity is defi ned 
as “a motor disorder characterized by a velocity dependent increase in tonic 
stretch refl exes (muscle tone) with exaggerated tendon jerks, resulting from 
hyperexcitability of the stretch refl ex” [5]. So to examine a child for spasticity 
one fi rst slowly moves an extremity to evaluate the passive range of motion 
available for the joints of the limb. Once this is accomplished and the passive 
range of motion is noted the limb is rapidly and repetitively moved while as-
sessing whether or not the available range of motion of the limb’s joints is less 
during rapid stretch than was present during slow movement. Also, any in-
crease in muscle tone (increased resistance to movement) is noted. Either of 
these fi ndings indicates that spasticity is present in the limb.

Sometimes there is little spasticity noted on passive exam. For that reason 
observational gait analysis is very important if the child is ambulatory. This 
part of the exam can precede the formal tone examination if there is concern 
about upsetting the child. Typical features of a spastic gait pattern is persisting 
fl exion at the hips with an associated hyperlordosis, inward rotation of the 
hip joints and scissoring of the legs (hyper-adduction of the hips with a re-
sulting crossing of the advancing limb in front of the limb in stance phase). 
The latter abnormality can be of such a severity that repetitive limb advance-
ment is blocked. At the knees there is diffi culty with extension due to ham-
string spasticity. This results in a crouched gait with shortened stride length. 
At the ankles there is an equinovalgus deformity (heel is elevated off the 
ground and rotated outwards at foot strike and during stance phase). When 
these deformities are present and there is good tone in the trunk and no 
 writhing in the fi ngers, then it can be assumed that pure spasticity is present.

Finally, it should be determined whether or not the child derives a ben-
efi t form its spasticity. In other words, is the child using the spasticity in his 
or her legs to assist in weight bearing and will they lose this function if the 
spasticity is eliminated. This is an important question. It is important to 
understand that it is impossible to control which muscles are affected by a 
SDR. There have been rhizotomy techniques advanced in the past that pat-
terned the planned lesioning on the preoperative muscle tone exam and the 
planned rhizotomies intentionally left out nerves whose myotome included 
the quadriceps muscles with the thought that such a plan would minimize 
any effect on the hypertonicity present in these muscles. The result was 
disappointing with a large number of children experiencing loss of tone in 
their quadriceps and some of these children losing function due to an in-
ability to stand. To guard against such an unanticipated loss of tone and 
function the child’s quadriceps strength should be examined if that child is 
weight bearing or assisting in transfers from bed to chair. This is best done 
by determining the child’s ability to rise from a squatting to standing posi-
tion. The child should not be allowed to use its arms in this maneuver. The 
examiner can assist the child by squatting behind the child and holding its 
legs at the knees so as to maintain their alignment as they rise. If the child 
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can do this maneuver 7 times rising to a full stand and then going back to 
squatting without using its hypertonicity, then it has adequate strength to 
withstand the complete elimination of spasticity in its legs. After complet-
ing the tone and strength exam the child can be categorized and goals for the 
surgery can be set (Table 2). This is best done in coordination with the 
child’s treating therapists.

Children born with cerebral palsy typically have a perinatal period marked 
by complications. These should be searched for as many are predictive of sur-
gical complications. Many children born prematurely spend time on a ventila-
tor or have other features in their history suggestive of bronchopulmonary 
dysplasia. It is important to discern this as children with a history of bron-
chopulmonary dysplasia have a high incidence of reactive airways that can 
complicate an anesthesia. Any history of use of a bronchodilator should also 
warn the surgeon that there could be reactive airway problems during an an-
esthesia. Children with these histories can have life threatening bronchospasm 
during an anesthesia. When we are confronted with this problem we have the 
children use a bronchodilator prophylactically for several days prior to their 
surgeries and with extreme cases will also prescribe steroids. Another poten-
tial complication children can experience when they undergo SDR is a  transient 
or permanent neurogenic bladder. Neurogenic bladders are not uncommon in 
children with cerebral palsy. McNeal found 36% of children interviewed at a 
cerebral palsy center had signs of a neurogenic bladder (enuresis, stress incon-
tinence or dribbling). An early group of our patients experienced a 14% 
 incidence of urinary retention after their SDR with one being left permanently 
catheter dependent. Therefore part of the history taking should focus on 
symptoms of urinary dysfunction (recurrent urinary tract infections [UTI] in 
females or a single UTI in a male, stress incontinence or dribbling).

Table 2. Preoperative locomotive abilities and expected outcomes following SPR*

Group Preop function Postop goals

I walks w/out assistive devices improve appearance and effi ciency 
of walking

II walks w/assistive devices improve quality of walking and decrease 
amount of assistance (use of canes, 
crutches, walkers) required for ambulation

III quadruped crawlers limited 
ability to stand and 
reciprocally move legs 

improve ability to reciprocally move the legs 
in the standing position w/assistive devices

IV commando or belly crawlers improve ease of care taking; facilitate 
function in sitting position

V no locomotive abilities fully 
dependent

improve ease of care taking; facilitate 
positioning in adaptive equipment

* Based on the New York University classifi cation system [1]
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SURGERY

1. THE PROCEDURE

The SDR surgery is relatively straightforward and certainly not as compli-
cated as candidate selection. As mentioned above thought should be given to 
anesthetic risks prior to the surgery. The main concern should be identifi ca-
tion of a child at risk for intraoperative bronchospasm and protective mea-
sures should be taken for these children. Next the case should be discussed 
with the personnel who will support the surgeon with physiologic monitor-
ing and mapping during the case. If the S2 roots are to be included in the SDR 
evaluation and cutting, then some form of physiologic mapping or monitor-
ing should be employed to prevent postoperative bladder dysfunction. When 
we started to include the S2 sensory roots in our SDR lesioning, the incidence 
of postoperative neurogenic bladder climbed from 5% to 24%. One obvious 
response to this risk is to avoid lesioning the S2 roots but we showed that 
when S2 is not included in the testing and potential lesioning, the risk of re-
sidual spasticity in the plantar fl exors is 80% with nearly half of such affected 
children having residual, functionally disabling spasticity. Because of all this 
our response has been to use the pudendal neurogram. Once the cauda equina 
is exposed and prior to performing the SDR we stimulate either the shaft of 
the penis or the surface of the clitoris and record which sensory roots (S1, S2 
and/or S3) carry the evoked potential rostrally into the cord. With its use we 
have seen a roughly 6% incidence of transient need for intermittent catheter-
ization and in most cases this has been due to urethral irritation causing pain 
on urination.

After protective measures for the maintenance of bladder function have 
been taken the SDR is performed. I prefer to do a laminotomy. The lamina 
are cut well medially to the facet joints and the ligament cut between S1 and 
L5. This allows one to simply fl ip the freed lamina rostrally out of the surgical 
fi eld. I prefer to expose the L2 through S2 levels so I ronguer off the S1 and a 
portion of the S2 lamina. The dura is opened at midline and then it is con-
fi rmed that the L2 through S3 nerve roots can be seen as they exit the dural 
sleeve. There is variation in the technique employed to perform an SDR but 
most fi rst determine the threshold of stimulation required to evoke muscle 
contraction in the limb. This is done with a single square-wave pulse using a 
constant voltage stimulator starting at 0.1 mV and increasing the voltage until 
muscle contraction is appreciated. Either an individual can palpate the legs to 
feel the evoked contraction or evoked EMG activity in the legs can be moni-
tored. I have favored doing both. Once the stimulation threshold is deter-
mined for a muscle, a stimulus train is delivered with a frequency of 60 Hz 
and with intensity equal to threshold value.

The defi nition of an abnormal response to stimulation is controversial and 
not settled. There has been a tendency for centers performing SDRs to mod-
ify and introduce subtle variations to the technique. Fasano in fi rst describing 



392

R. ABBOTT

the SDR outlined criteria for defi ning an abnormal response to nerve root 
stimulation [4]. There was an abnormal pattern of contractions of muscles 
outside of the nerve root’s myotome, any sustained muscle contraction or 
fl uctuating muscle contraction during the stimulus trained. He stated in his 
manuscript that a normal response should be momentary and should not last 
for the duration of the stimulus train owing to the normal exhaustion of the 
involved synapses that occurs with repeated action potentials hitting the syn-
apse. What surgeons learned during the 1990s was that sustained muscle con-
traction for the duration of the stimulus train was the norm and could not be 
used as a descriptor for an abnormal root. Most now use the spread of muscle 
activity outside of the nerve root’s myotome as a sign of an abnormal root but 
even this has been shown to occur when stimulating seemingly normal nerve 
roots. Distant spread to the contralateral leg or to the arms is felt to be more 
abnormal than spread to muscles innervated by nerve roots immediately 
neighboring the nerve root being stimulated. Park has even developed a 
 grading scheme for evoked muscle contracture based on the degree of spread 
with 1 being sustained contraction in muscles in the stimulated nerve root’s 
myotome, 2 contraction of muscles of myotomes immediately neighboring 
the stimulated nerve root, 3 contraction of muscles of myotomes at a distance 
from the stimulated nerve and 4 contraction of muscles in limbs not inner-
vated by the stimulated nerve [9]. He advocated cutting only those nerves 
who when stimulated cause group 3 or 4 type contractions.

As stated above my surgery begins with establishing the threshold stimu-
lus voltage that will evoke muscle contraction. An anestheic technique of 
continuous propothol and narcotic infusion is used so as to maintain a maxi-
mally reactive nervous system. After establishing a nerve root’s threshold for 
activation I then deliver a stimulus train prior to moving on to the next nerve. 
The muscles that contract when the stimulus train is delivered are noted but 
no nerves are cut on this fi rst pass. Once the S2 through L2 nerves have been 
stimulated on both the right and left side the patterns of evoked muscle con-
traction are studied for each nerve as is the pudendal nerve stimulation map-
ping of the S1 through S3 nerve roots bilaterally. I then perform a second 
round of stimulation of the nerves using a stimulus train of 60 Hz lasting 
1 second with the stimulus intensity again being at the nerve’s threshold. Any 
nerve stimulated in this manner that causes muscle contraction outside the 
nerve’s myotome is deemed to be abnormal. Such nerves will be divided into 
their component “rootlets” and these in turn will be stimulated. These root-
lets are typically very evident and easily separated; however, in some children 
they are not and in these cases an arachnoidal knife can be inserted into the 
root and then run rostrally and caudally for a short distance to divide the 
nerve into several rootlets. Typically there are 3–5 rootlets for each root and 
they tend to be of similar sizes. The same descriptor for an abnormal response 
to stimulation is used for the rootlets as is used for the roots. Abnormal root-
lets are cut unless they contain signifi cant afferent pudendal nerve activity. 
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I fi nd that roughly 20 to 40% of nerves respond abnormally and that abnor-
mally responding nerves usually have at least 50% of their rootlets respond-
ing abnormally. In rare situations less than 20% of the nerves tested respond 
abnormally. In these cases I fi rst check that the anesthesia is appropriate and 
that there is no problem with the stimulator. If these check out, then I review 
the pattern of responses on the fi rst go-around and repeat the stimulation of 
nerves that responded abnormally the fi rst time but not the second. If I still 
cannot elicit an abnormal response from these nerves, then I will partially le-
sion them in a random manner.

2. OUTCOME

Using this protocol our patients have experienced a reliable reduction in their 
spasticity. We have reported that there was a signifi cant reduction in muscle 
tone in all of our patients for every muscle tested [3]. This reduction persisted 
up to 5 years. When there was a return of hypertonicity noted we usually 
found that the child was experiencing something noxious such as of an acute 
otitis or a hip dislocation. When these were treated the tone lessened to the 
level previously seen. As mentioned above we have seen persisting, problem-
atic hypertonia after SDR when the S2 nerve roots were not included in the 
lesioning [6].

With regard to functional benefi t, papers are becoming available that 
document the impact of SDR on function. Using the gross motor function 
measure several groups have shown that children undergoing rhizotomy 
experience a signifi cant improvement in their motor skills. One group 
showed that the major improvements seen in their children occurred in 
scored tasks involving the lower extremities and that these scores improved 
by 10% one year after surgery, 20% after three years and 34% after fi ve 
years [7, 8].

HOW TO AVOID COMPLICATIONS

Complications can occur during the surgery, immediately after the surgery 
and at a time distant from the surgery. It is best to be aware of their potential 
and measures that can be taken to minimize their impact. As mentioned ear-
lier, children with cerebral palsy have an increased incidence of reactive  airway 
disease. They or their parent should be questioned about previous episodes of 
reactive airway disease and/or the use of bronchodilators as such children are 
at risk for bronchospasm during their  anesthesia. If such a history is present, 
then their airways should be prepared for an anesthesia. Children with cere-
bral palsy can have an incompetent fundus with a resultant history of refl ux. 
Such children typically have slowed gastric motility and are at risk for having 
retained gastric contents at surgery. Aspiration pneumonia can occur in such 
a setting, so the history of gastric refl ux and/or aspiration pneumonia should 
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be searched for. If present, then protective measures should be taken to both 
buffer the stomach contents and increase gastric motility prior to the antici-
pated surgery.

There can be several problems that arise after a child has undergone a 
rhizotomy. First, the family should be warned that the fi rst few days will be 
marked by the child being in severe pain. This is due to the fact that these 
children have hyperactive muscle refl ex circuits that are responsive to pain. 
The pain will cause their back’s musculature to tighten in spasm and this is 
typically of such a degree as to render nearly all analgesics inadequate. In such 
situations the judicious use of muscle relaxants can break this pain–spasm 
cycle, rendering the analgesics more effective. There is an increased incidence 
of urinary tract dysfunction in children with cerebral palsy. For this reason 
they or their parents should be questioned about this prior to surgery. If there 
is such a history, then thought should be given as to when to remove the 
 Foley. I typically leave it in until the child is released from bed rest. About 
2–4% of patients will experience a subdermatomal sensory loss. While not 
functionally debilitating this does raise the risk of skin injury if the child is 
wearing a brace that encompasses an area of sensory loss. Parents should be 
warned of this before surgery. The risk for this occurring can be lessened by 
not lesioning two adjacent sensory roots completely. Also, about 40% of 
children undergoing an SDR will experience dysesthesia in their lower legs 
for a week or two. This does not interfere with their recovery but can be dis-
comforting. Usually it can be treated by simply having the child wear socks. 
I have rarely had to revert to the use of medications for this as it typically 
resolves within days. CSF leakage and wound healing problems while theo-
retically possible are extremely unlikely.

Children who have undergone a selective dorsal rhizotomy need to be fol-
lowed after their surgery. There is a risk for their developing  scoliosis and 
spondylolisthesis. Peter reported that 9 out of 55 children developed scoliosis, 
5 spondylolysis and 2 spondylolisthesis. Children post SDR can also be both-
ered by low back pain. Peter reported a 4% incidence and Steinbok a 14% 
incidence of this [10, 11]. The risk for these back problems occurring can be 
lessened by taking care to keep the laminotomy/laminectomy well medial to 
the facet joints. Children who have had their spasticity treated by an SDR are 
still at risk for the development of functionally debilitating muscle contrac-
ture. We have reported on an incidence of 8% in our patients [3]. As a result 
we counsel all of our patients on the need for a post-operative stretching pro-
gram to maintain their range of motion. Finally, hip subluxation can occur 
after a SDR. This typically occurs in a child with weak hip musculature and a 
history of nonambulation prior to an SDR. When the child starts to bear 
weight and walk the hip weakness results in hip adduction during the stance 
phase of walking. We reported on 6 such children and now recommend that 
our patients use long-leg bracing when we are concerned about the strength of 
their hip musculature [2].
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CONCLUSIONS

SDR is a valuable technique for the management of spasticity in children with 
cerebral palsy. Its use should be done in a thoughtful manner as when cor-
rectly employed it can result in great benefi t to such children.
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STATE-OF-THE-ART OF SURGICAL 
THERAPIES FOR PSYCHIATRIC DISORDERS: 

DEPRESSION
A. M. LOZANO

INTRODUCTION

The introduction and widespread use of deep brain stimulation (DBS) has 
been a major advance in neurosurgery. With the extensive experience in the 
use of DBS in Parkinson’s disease, the possibility of using DBS to treat other 
disorders including psychiatric disease has been made possible. To date, sev-
eral psychiatric disorders including Tourette’s syndrome, Obsessive Com-
pulsive Disorder and Depression are being studied. Multiple brain targets are 
being used for these disorders including the anterior limb of the internal cap-
sule, the nucleus accumbens, the globus pallidus and various thalamic nuclei 
and outfl ow tracts. Of importance, they appear to be disorders of circuitry 
and indeed it may be possible to ameliorate these psychiatric symptoms at 
various points along the circuits that control limbic and cognitive functions.

While there is a long history of ablative procedures to treat psychiatric ill-
ness including cingulotomy, subcaudate tractomomy, anterior capsulotomy 
and limbic leucotomy, the application of DBS in these disorders is relatively 
recent and considered as an emerging rather than an established therapy. I 
will limit the discussion to DBS of the subcallosal cingulate gyrus (SCG) for 
treatment of refractory depression.

Depression is a common disorder with a lifetime incidence of 17%. The one-
time prevalence is in the order of 5–6%. Women are affected more commonly 
than men, and depression is one of the world’s leading cause of disability.

Advances in the understanding of the neurobiology of depression have 
identifi ed some of the neural circuits which mediate depressive symptoms. 
These circuits are potential targets for intervention with neuromodulation.

The diagnosis of depression is made by established criteria (Table 1). It is 
clear that depression is a multi-symptom disorder with cognitive, affective, 
behavioral and somatic/vegetative components. Any intervention which is to 
be successful must address some of these multiple facets. While many patients 
with depression are well managed with medications, psychiatric therapy and 
in severe cases electroconvulsive therapy, there remain many patients, esti-

Keywords: psychiatric disorders, psychosurgery, deep brain stimulation, 
stereotaxy, depression
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mated at 10–20% of the depression population that are resistant and disabled 
despite all these therapies. Novel approaches are required for these treatment 
resistant patients.

RATIONALE

The subgenual cingulate gyrus (SCG) is connected to neural structures which 
mediate many of the signs and symptoms of depression. This area is con-
nected to the hypothalamus where it is in a position to regulate sleep, appe-
tite and cortical regulation. It is connected to the amygdala where it may be 

Table 1. Diagnostic criteria for major depressive episode

Five or more of the following symptoms (present for at least two weeks):

1. Depressive mood most of the day, nearly every day
2.  Markedly diminished interest or pleasure in all, or almost all activities most of the 

day, nearly every day
3. Signifi cant weight loss or weight gain
4. Insomnia or hypersomnia nearly every day
5. Psychomotor retardation or agitation nearly every day
6. Fatigue or loss of energy nearly every day
7. Feelings of worthlessness or excessive or inappropriate guilt nearly every day
8. Diminished ability to think or concentrate of indecisiveness nearly every day
9.  Recurrent thoughts of death, recurrent suicidal ideation without a specifi c plan, or 

a suicide attempt, or specifi c plan for committing suicide

Fig. 1. Location of the subgenual cingulate gyrus. The fi gure shows a Schaltenbrand and 
Wahren Stereotactic Atlas section showing the position of the subgenual gyrus marked with 
an arrow (Modifi ed from Schaltenbrand G, Wahren W (1977) Atlas of Stereotaxy of Human 
Brain. Thieme, Stuttgart)
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important in involving stress responses and emotional reactivity and projects 
to the brain stem periaqueductal areas where it may modulate sleep and pain, 
and projects to the shell of the nucleus accumbens where it could modulate 
motivational drive and anhedonia.

Imaging studies have shown that Area 25 within the SCG is involved in 
mood regulation. The induction of acute sadness in normal volunteers is associ-
ated with a rise in the blood fl ow and metabolic activity of Area 25. Further, the 
improvement of depression that occurs with drugs is associated with a decrease 
in the metabolic activity of this area. With the great need for novel treatments of 
depression with a strong anatomic rationale and with the imaging studies which 
indicate that Area 25 plays a crucial role, our group embarked on a study of 
SCG in the treatment of refractory depression. The objective of this work was to 
determine whether modulation of the activity of the subgenual cingulate area in 
patients with severe treatment resistant depression could improve their illness.

DECISION-MAKING

This work must be performed in the context of a multidisciplinary team of 
psychiatrists and neurosurgeons. We recruited men and women ages 20–70 
with a diagnosis of Major Depressive disorder with occurring episodes dura-
tion of at least 12 months. All patients showed response failure to multiple 
treatment regimens and resistance or intolerance to a minimum of at least 
four different drug treatments from different categories of suffi cient dose 
and time. All patients either failed or refused electroconvulsive therapy. All 
patients scored greater than 20 on the Hamilton Depression Rating Scale-
17 (HDRS-17) and had a global assessment function score less than 50. All 

Fig. 2. MRI of a patient with electrodes implanted in the subgenual cingulate gyrus. The 
fi gure shows the position of the DBS electrode in the sagittal plane
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patients were able to give informed consent. Exclusion criteria included no 
other major psychiatric Axis I or Axis II diagnoses and no current suicidal 
ideation, plan or intent, or recent attempt in the last three years. The ap-
proach is multidisciplinary involving psychiatrists, neuroimaging, neuropsy-
chologists and neurosurgeons.

SURGERY

1. THE PROCEDURE

The procedure involves placement of stereotactic frame and obtaining stereo-
tactic coordinates of the target area. In targeting the SCG, we use T1-weight-
ed coronal MRI images and choose a coronal section just in front of the head 
of the caudate. The target lies 5–10 mm from the midline and the 10 mm span 
of DBS electrode contacts covers the entire vertical extent of the SCG. The 
procedure is performed using local anaesthesia. Bilateral burr holes are placed 
1 cm in front of the coronal suture and 2 cm from the midline. The dura is 
opened and the pia is coagulated. The DBS electrodes are implanted under 
fl uoroscopic guidance to ensure that they reach target and do not move dur-
ing the procedure or fi xation. Acute stimulation through the implanted elec-
trodes (incrementally from 1 to 8 V, 130 Hz and 6–90 ms pulse width) is used 
to look for positive as well as negative effects. Acute stimulation can produce 
a variety of effects including a sudden sense of intense calm, peacefulness, im-
provement in psychomotor speed, change in intensity of perception of colors, 
obvious changes in interest, motivation, curiosity, apathy, initiation, change 
in anhedonia, clearing of “sense of void”, clearing of black cloud and relief 
of the sensation of pressure on chest. The effects are contact and stimulation 
parameter specifi c.

Once in place, the electrodes are then connected to the pulse generator im-
planted under general anaesthesia. Programming usually involves settings at 
3–4 V and 90 ms with rates of 130. We use right and left homologous electrode 
pairs (deepest, midpoint or superior) systematically in each patient. Changes 
in stimulation parameters are made no more frequently than every two weeks 
due to the delay in clinical effects with stimulation.

2. RESULTS

We have found both acute and long-term effects in these patients. We have 
demonstrated that compared to healthy controls, patients with severe treat-
ment resistant depression have elevated metabolic activity in the SCG. Fur-
ther, the application of DBS to this area reverses this abnormality returning 
it to a more normal level. This is accompanied with striking improvements 
in mood and motivation in these patients. We have shown that we are able 
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to modulate the activity of the limbic circuits with DBS both locally and 
remotely. We have been able to show a reversal of the hypermetabolic activ-
ity in the SGC area and a reactivation of the hypometabolic frontal lobes in 
depression patients with SGC DBS. The procedure appears to be effective 
but these are, of course, open label studies and a defi nitive double blind trial 
is required. The location of stimulation parameters is important as there are 
optimal electrode locations.

We have found both acute and long-term effect stimulation in these pa-
tients. In approximately 70% of the patients they report an acute change in 
their response to stimulation. This can include a sudden sense of calmness, a 
sudden sense of karma, a sense of lifting of a heavy burden, or a sense of clear-
ing of a cloud that seems to be over their head. This can be followed 10–15 s 
later by increase engagement, increase attention, and increase interactions 
with the environment and with people around them. These acute fi ndings are 
not necessarily indicative of the long-term outcome.

We now have experience of approximately 30 patients having undergone 
DBS of the subgenual cingulate gyrus. Our results indicate that some 60% 
of patients are responders, i.e. have a >50% improvement in the Hamilton 
Depression Scales at 6 months or 1 year. These improvements are seen across 
all dimensions of depression including somatic, sleep and mood  aspects.

3. ADVERSE EFFECTS

The incidence of serious adverse effects in stereotactic DBS surgery is less 
than 1% of patients. The most serious is the production of an intracranial 
hemorrhage related to the procedure. In addition, electrodes can migrate, the 
hardware can fail, the skin over the hardware can erode and there can be infec-
tions. In the depression population there is, in addition, the natural history of 
psychiatric disease to contend with and the high incidence, estimat ed at ap-
proximately 15%, of suicide in the treatment resistant  depression population.

CONCLUSIONS

It is still early in the evolution of DBS for psychiatric disease. The proce-
dures appear safe and offer the advantage over the previously used ablative 
procedures of reversibility and adaptability. These features may increase the 
acceptability of this approach in patients disabled by their illness by patients, 
their families and the medical community at large. Particular attention must 
be placed on the ethical issues to consider in this vulnerable population.

One of the most puzzling features of DBS for depression is that some pa-
tients respond and others do not. The features that distinguish the responders 
from no responders are yet to be elucidated. We feel that these procedures 
may represent a novel therapy in the treatment of patients who otherwise do 
not respond to medical therapies.



404

A. M. LOZANO

Acknowledgement

The author thanks Drs. Mayberg, Kennedy and Giacobbe for their ongoing 
collaboration and Dr. Clement Hamani for his critical review and assistance 
in the manuscript.

References

 [1] Agid Y, Buzsaki G, Diamond DM, Frackowiak R, Giedd J, Girault JA, et al. (2007) 
How can drug discovery for psychiatric disorders be improved? Nat Rev Drug 
Discov 6: 189-201

 [2] Johansen-Berg H, Gutman DA, Behrens TE, Matthews PM, Rushworth MF, Katz 
E, Lozano AM, Mayberg HS (2008) Anatomical connectivity of the subgenual 
cingulate region targeted with deep brain stimulation for treatment-resistant de-
pression. Cereb Cortex 18(6): 1374-1383

 [3] Lozano AM, Mayberg H, Giacobbe P, Hamani C, Craddock C, Kennedy SH 
(2008) Subcallosal cingulate gyrus deep brain stimulation for treatment-resistant 
depression. Biol Psychiatry

 [4] Mayberg HS, Liotti M, Brannan SK, McGinnis S, Mahurin RK, Jerabek PA, et al. 
(1999) Reciprocal limbic-cortical function and negative mood: converging PET 
fi ndings in depression and normal sadness. Am J Psychiatry 156: 675-682

 [5] Mayberg HS (2003) Modulating dysfunctional limbic-cortical circuits in depres-
sion: towards development of brain-based algorithms for diagnosis and optimised 
treatment. Br Med Bull 65: 193-207

 [6] Mayberg HS, Lozano AM, Voon V, McNeely HE, Seminowicz D, Hamani C, 
et al. (2005) Deep brain stimulation for treatment-resistant depression. Neuron 
45: 651-660

 [7] McNeely HE, Mayberg HS, Lozano AM, Kennedy SH (2008) Neuropsychologi-
cal impact of Cg25 deep brain stimulation for treatment-resistant depression: pre-
liminary results over 12 months. J Nerv Ment Dis 196(5): 405-410

 [8] Neimat JS, Hamani C, Giacobbe P, Kennedy SH, Mayberg HS, Lozano AM (2008) 
Neural stimulation successfully treats depression in patient with prior ablative cin-
gulotomy. Am J Psychiatry 165(6): 687-693

 [9] Ressler KJ, Mayberg HS (2007) Targeting abnormal neural circuits in mood and 
anxiety disorders: from the laboratory to the clinic. Nat Neurosci 10: 1116-1124

[10] Seminowicz DA, Mayberg HS, McIntosh AR, Goldapple K, Kennedy S, Segal 
Z, et al. (2004) Limbic-frontal circuitry in major depression: a path modeling 
metanalysis. Neuroimage 22: 409-418



405

STATE-OF-THE-ART OF SURGICAL THERAPIES FOR PSYCHIATRIC DISORDERS

Andres M. Lozano

Andres M. Lozano is currently Professor and RR Tasker Chair in Functional Neu-
rosurgery and holds the Canada Research Chair in Neuroscience at the University of 
Toronto. He obtained his MD degree from the University of Ottawa and his PhD in 
Neurobiology from McGill University. He was appointed to the neurosurgical faculty 
at the University of Toronto in 1991 and became full Professor in 1999. Dr. Lozano’s 
research is focused on understanding the cellular pathogenesis and developing novel 
treatments for neurological and psychiatric disorders. His work has appeared in over 
300 publications and he has been invited lecturer or visiting professor throughout the 
world. He serves on the board and executive of several international organizations and 
editorial boards and is currently President of the World Society for Stereotactic and 
Functional Neurosurgery, and Chairman of the Stereotactic and Functional Neurosur-
gery Section of the World Federation of Neurosurgical Societies. His team in Toronto 
has trained many of the future leaders in Functional Neurosurgery.

Contact: Andres M. Lozano, Department of Surgery, Faculty of Medicine, University 
of Toronto, 399 Bathurst Street WW 4-447, Toronto, OT M5T 2S8 Canada
E-mail: lozano@uhnres.utoronto.ca



 

NEUROSURGERY FOR PSYCHIATRIC 
DISORDERS: OBSESSIVE-COMPULSIVE 

DISORDER
V. STURM

INTRODUCTION

In 1949 E. Moniz received the Nobel Award for the development of frontal 
leucotomy. Surgical interruption of a major part of fronto-thalamic connections 
had a clear and often benefi cial sedating effect in patients suffering from severe 
psychosis but irreversible side-effects, namely emotional blunting, had been fre-
quent. Growing public criticism for misuse in improperly selected patients as 
well as the development of neuroleptics made this treatment obsolete in the late 
50s. In the 60s stereotactic techniques became more and more refi ned, enabling 
precise lesioning of small volumes of brain tissue. Stereotactic cingulotomy, 
fronto-basal-tractotomy and anterior capsulotomy had become the most fre-
quently used stereotactic procedures to treat anxi ety-disorders and obsessive-
compulsive disorders. Although amenable results could be achieved in these 
often devastating conditions, there remained the fact, that thermo-, like cryo-
ablations, are irreversible procedures which may lead to persistent side-effects. 
This and the historically bad connotation of psychosurgery in general, had been 
the reasons why stereotactic psycho surgical procedures had been used but ex-
ceptionally and in very limited numbers.

This situation changed after the introduction of deep brain stimulation 
(DBS) for motor disorders by Alim Benabid in the early 90s [1]. Excellent 
results in advanced Parkinson’s disease and the benignity and full reversibility 
of DBS changed the attitude of conservative neurologists and later also of 
biological psychiatrists, who realized the clear advantages of DBS compared 
to pharmaco-therapy which is much less specifi c. It is fair to state that the 
fi ndings in DBS for Parkinson’s disease stand at the beginning of a change in 
pathophysiological paradigms applying not only to motor disorders but, in 
the defi nitive opinion of the author, also to pathological circuitry underlying 
major psychiatric disorders: a morphological or functional defi cit in relatively 
small, circumscribed brain areas (e.g. the substantia nigra pars compacta in 
Parkinson’s disease) has a dramatic effect on oscillations in ‘downstream’ cir-
cuits which fi nally cause neurologic or psychiatric symptoms. As shown in 

Keywords: psychiatric disorders, psychosurgery, obsessive-compulsive dis-
order, deep brain stimulation, stereotaxy
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Parkinson’s disease, DBS in circumscribed, relevant parts of these pathologi-
cally communicating circuits can replace pathogenic oscillations with the 
stimulation volleys of DBS and thus ‘liberate’ and normalize the functionality 
of dependent circuitry.

Nuttin and Cosyns [7] had been the fi rst to replace anterior capsulotomy 
with DBS in the latter structure in carefully selected patients with therapy-
refractory obsessive-compulsive disorder with remarkably good therapeutic 
effects. Although effective, DBS in the anterior capsule had to be performed 
at unusually high stimulation-amplitudes, yielding side-effects and early bat-
tery-consumption. Based on anatomical and physiological considerations, 
the author of this article introduced the nucleus accumbens as primary target 
for DBS in OCD (in 2000 and later) as well as for Major Depression and al-
cohol dependency [4, 9, 10].

RATIONALE

Obsessive-compulsive disorder (OCD) is a chronic and disabling condition, 
characterized by recurrent obsessive thoughts, yielding intense discomfort, 
tension, as well as anxiety and fear reactions which can partly be coped with 
by often uncontrollable compulsive reactions (e.g. repetitive behavioural or 
mental acts).

The fact, that the syndrome comprises affective, cognitive and motor 
symptoms points to the involvement of limbic and paralimbic cortical pre-
frontal structures as well as the basal ganglia which have in fact been shown 
to exhibit a changed activation pattern in this disorder.

The following anatomical and physiological considerations support the 
author’s notion of the pathophysiology of OCD and prompted to introduce 
the caudo-ventro-medial accumbens as primary target for DBS in this disor-
der, and slightly changed also in major depression and addiction (alcohol-
dependency).

The nucleus accumbens is located in the basal forebrain immediately un-
derneath the anterior limb of the internal capsule. In the 3 D-space it is ori-
ented rather oblique-horizontally covering the area rostral to the anterior 
commissure. Medially adjacent is the vertical part of Broca’s diagonal band. 
The lateral border is formed by the claustrum and piriform cortex. Dorsally, 
neighbouring  structures are the anterior limb of the internal capsule and ros-
tral extensions of the globus pallidus. Dorso-laterally, the nucleus accumbens 
extends into the ventral putamen and dorso-medially into the ventral caudate 
without a sharp demarcation.

Traditionally, the nucleus accumbens is divided into a peripheral shell 
and a central core, the former being anatomically and functionally closely 
linked to the extended amygdala, an important part of the limbic system, the  
latter to the extrapyramidal motor system. The shell region contains higher 



409

NEUROSURGERY FOR PSYCHIATRIC DISORDERS

 concentrations of D1- and D3-receptors as well as of certain neuropeptide-
receptors like VIP, CCK, encephalines, substance P, neurotensin and cocain-
amphetamine regulated transcript (CART) receptors than the core region.

In the primate, it is confi ned to the medial part of the nucleus. Inside 
the nucleus accumbens, input fl ow is from shell to core. There is strong 
cortical input from the anterior cingulate. Major subcortical afferents are 
from the dopaminergic midbrain areas (VTA, dorsal tier of the substantia 
nigra) and from both baso-lateral and centro-medial amygdala [6]. Main 
projections reach the ventral pallidum which projects back to the dopami-
nergic midbrain areas, the ventro-medial subthalamic nucleus, as well as to 
the midline and dorso-medial thalamic nuclei. The latter nuclei project 
back to the anterior cingulate and from Brodmann area 24 to the ventral 
striatum with the accumbens as its major part, thus closing this limbic-
paralimbic circuit.

The central position of the nucleus accumbens between the limbic and 
the extrapyramidal motor system, as well as in the mesolimbic dopaminer-
gic reward-system along with its modulating dopaminergic activity justifi ed 
its selection as target for DBS in OCD. Main features in the pathophy-
siology of OCD are fear and tension including obsessive thoughts and 
the resulting compulsive behavioral acts, often with motor components. 
Moreover, OCD is frequently comorbid with anxiety disorders which 
might be attributed to pathological activity of the amygdala as well as with 
de pression, presumably caused by disturbed activity in the mesolimbic 
dopaminergic system. As mentioned above, the nucleus accumbens plays a 
modulating role in these limbic-extrapyramidal and mesolimbic dopami-
nergic circuits.

The strongest empirical reason for choosing the accumbens as target 
for DBS in OCD has been the observation, that the most effi cient lesional 
treatments for OCD are subcaudate  tractotomy, ventral anterior capsulo-
tomy, anterior cingulotomy and dorso-medial thalamotomy. All these 
interventions partially include the nucleus accumbens (subcaudate tractoto-
my, anterior capsulotomy), or closely linked thalamic or cingulate areas.

DECISION-MAKING

Although favorable results have been obtained by various groups using 
DBS in the anterior-capsule-nucleus accumbens-area for treatment of severe, 
therapy-resistant obsessive-compulsive disorder, the procedure has not yet 
been approved by regulatory authorities in Europe and the USA and is still 
experimental.

This means, that it should only be applied in clinical studies approved by 
ethical committees, and according to German law in exceptional ‘individual 
attempts to cure patients’.
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The treatments have to be performed by a team of specialized psychia-
trists and stereotactic neurosurgeons. For patients-selection, inclusion in 
studies, as well as for postoperative care the psychiatric team-members are 
primarily responsible. The indication for surgery must be established by both 
psychiatrists and neurosurgeons.
Main psychiatric criteria for inclusion in a study are:

 1.  Patients must suffer from long standing, severe OCD refractory to 
best medical and psychotherapeutic treatment. To ensure this, the fol-
lowing criteria have to be met:

 1.1.  OCD must be the primary diagnosis assessed in the Structured Clini-
cal Interview for DSM-IV.

   The Yale-Brown Obsessive Compulsive Scale (YBOCS) [3] should be 
used to determine the severity of the OCD. Minimum score should 
be 25.

 1.2. Treatment resistance
 1.2.1.  No substantial improvement with best medical therapy. At least 

3 serotonine reuptake inhibitors (SSRIs) including Clomipramine 
must have been tried with doses recommended by the FDA for 
more than 3 months each, as well as augmentation of an SSRI with 
a neuroleptic and with benzodiazepine.

 1.2.2.  A minimum of 20 sessions of behavior therapy (exposure and response 
prevention) is required.

 2. The OCD must be chronic, i.e. at least 10 years in duration.
 3. Exclusion criteria:
 3.1. Neurosurgical:
   Clinically signifi cant neurological disorders or medical illness, leading 

to increased surgical risks.
   Signifi cant brain abnormalities, including internal and external brain 

atrophy.
 3.2. Psychiatric:
   History of current or past psychiatric disorders (except comorbidity 

with OCD)
   Manic episode within the preceding 3 years
   Current or remitting substance abuse or dependency
  Severe personality disorder
  Imminent suicidal risk
 4. Preoperative assessment:
   Detailed neurological, medical and anesthesiological investigation, as 

used in other elective neurosurgical procedures
  Recent MRI
   Informed consent of patient and thorough information of close 

 relatives
  In case of studies: Approval by the local ethical committee
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SURGERY

1. ANESTHESIA

Electrode implantation is performed preferably under local anesthesia.
The patients are cared for by an anesthesiological team throughout the 

whole operation. For fi xation of the stereotactic frame, during intraopera-
tive imaging, the period of trajectory-planning, making the burr-holes, etc. 
the patients are sedated with adequate doses of i.v. Propofol which is with-
drawn for intraoperative test-stimulation, primarily used to reveal possible 
side- effects of accumbens-stimulation. Since there are no reliable electro-
physiological and clinical data, enabling to validate the electrode-position 
so far, in special cases electrode-implantation can be performed on general 
anesthesia.

2. ELECTRODES AND IMPULSE-GENERATORS

We have used the quadripolar DBS-electrode model 3387 (length of the 
poles 1.5 mm, distance between poles 1.5 mm) and a dual channel impulse-
generator (IPG) which can serve both electrodes (Kinetra, Medtronic Inc., 
Minneapolis). Usually, we would implant the IPG immediately after the 
electrode-implantation, but on general anesthesia. The IPG is implanted 
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Fig. 1. Frontal section of the human brain at the level of the target point in the ventro-
medio-caudal part of the nucleus accumbens. Arrow head indicates the target point. Coor-
dinates 2.5 mm rostral anterior border of AC, 6.5 mm lateral of midline, 4.5 mm ventral AC 
(Atlas of Mai et al. [5])
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subcutaneously over the right breast muscle, the extension wires are placed 
subcutaneously and connected to the DBS-electrodes in a right parietal 
site.

In a prospective randomised study including 16 patients as well as in a 
preceding pilot series we have implanted unilaterally in the right accumbens. 
Results have been favorable, but not as constant as with bilateral implantation 
which is now our routine-procedure.

3. TARGET LOCALIZATION AND TRAJECTORY-PLANNING

These topics are of highest relevance for achieving favorable results and 
avoiding operation- and stimulation-induced side-effects. As outlined 
above, the shell-region of the accumbens receives strong afferents from 
both basal and centro-medial amygdala and is anatomically and physiologi-
cally closely linked to the ‘extended amygdala’. Moreover, the density of 
D1- and D3-receptors is highest in this part of the nucleus, making it the 
preferred target for modulating dopaminergic input from the mesolimbic 
dopaminergic midbrain-areas. Thus, I have defi ned the caudo-ventro-medi-
al accumbens as target for DBS.

Fig. 2. Post-operative T1-weighted MRI depicts exact electrode placement in the desired 
area. Note the dark artefact surrounding the electrode, which is due to disturbance of the 
local magnetic fi eld by the electrode and not caused by tissue damage
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The target is derived from the Brain-Atlas by Mai et al. [5]; Standard-co-
ordinates refer to the line between the posterior border of the anterior and the 
anterior border of the posterior commmissure (AC–PC-line):

  x: 7.5 mm lateral of the midline of the third ventricle
  y:  2 mm rostral to the anterior border of the AC at the level of the mid-

line of the 3rd ventricle
  z: 4 mm ventral to the AC–PC-line.

Since location and extension of the nucleus accumbens are highly variable 
between individuals, the coordinates must be adapted according to individual 
landmarks:

  y:  The length of the standard – AC–PC-line is 25 mm. The length of 
the AC–PC-line in the very patient is divided  by 25 and multiplied 
by 2, giving the individual distance of the target point from the ante-
rior border of the AC.

  x:  The standard width of the hemisphere (maximal width in the parietal 
region), measured in coronal sections of CT or MRI, is 63.5 mm. The 
individual width of the hemisphere is divided by this measure and 
multiplied by 7.5.

The z-coordinate (4 mm below the AC–PC-line) is highly variable and in-
dividually chosen according to the planning-MRI. It is relatively close to the 
horizontal section of the anterior cerebral artery and has to be placed at least 
2 mm dorsal to this vessel.

The x-coordinate (laterality of the target-point) seems to be most critical 
for the therapeutic outcome. Important anatomical landmarks are the vertical 
limb of Broca’s diagonal band, which borders the ventro-medial accumbens 
medially. This structure belongs to the cholinergic activating system and 
should not be included in the stimulation-fi eld. It can be visualized in axial 
and frontal high-resolution MRI-scans in the T1-series. We place the target-
point 2.5 mm lateral to this structure. The target point should project to the 
level of the caudo-ventro-medial edge of the anterior limb of the internal cap-
sule, 4 mm ventral to the anterior-commissure.

4. TRAJECTORY

In the Medtronic-DBS-electrode Model 3387 the distance from the distal 
edge of contact 0 to the proximal edge of contact 3 is 10.5 mm.

We use a deep fronto-lateral approach, placing the 2 distal poles within the 
caudo-medial accumbens (contact 1 reaching the most ventral fi bers of the 
internal capsule) and the 2 proximal contacts within the capsule.

Since this requires an unusually far lateral approach, the avoidance of 
branches of the middle cerebral artery can necessitate a more medial place-
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ment of the two proximal contacts in the medial part of the capsule or at the 
border to the caudate.

For both target- and trajectory-planning we use preoperative 3 T-MRI, 
intraoperative 1.5 T-MRI and CT-imaging, the two latter procedures being 
performed with localizers mounted to the stereotactic frame. Preoperative 3 
T-imaging is fused with the intraoperative 1.5 T-MRI, CT- and X-ray-imag-
ing using landmark fusion which in our experience is more accurate than 
the use of automatic fusion-programs. The latter procedure bears the risk 
of location-errors due to geometrical image distortion especially in the T1-
series.

Postoperative electrode placement is verifi ed by fi nal stereotactic X-ray-
exposures or postoperative CT.

Since routinely both electrode-implantation and implantation of the IPG 
(the latter being performed in general anaesthesia), are performed in one ses-
sion, we observe the patient in the intensive care unit through the following 
night. He is kept in the Stereotactic ward until the fi rst wound dressing 2 days 
post op. and then transferred to the psychiatric ward, where the IPG is acti-
vated. Neither steroid nor antibiotic treatment is given except intraoperative 
antibiotic prophylaxis.

For accumbens-stimulation we start with unipolar stimulation of the dis-
tal poles of both electrodes (0 and 4, respectively), 0 and 4 negative versus case 
positive using rectangular impulses of 90 μs impulse duration, 130 Hz and 
–1.5 V. Every two days the voltage is increased by 0.5–1 V to levels of 4–6 V. 
Usually therapeutic effects do not occur immediately, nor do stimulation 
 induced side-effects. Patients are released from the psychiatric ward after 
2–3 weeks but are seen at regular intervals of 4–12 weeks, when stimulation 
parameters are adjusted and more proximal poles are additionally (or some-
times alternatively) activated.

5. LONG-TERM RESULTS (SUMMARY)

In 2000, we introduced accumbens stimulation in a patient with therapy 
refractory anxiety disorder. The implantation had been performed bi-

laterally, but it turned out, that stimulation of the right accumbens was 
crucial for the beneficial effects (complete, enduring remission of symp-
toms) which had been gained. This was confirmed in patients in a pilot 
series on OCD [10] and prompted us to use only unilateral stimulation of 
the right caudo-ventro-medial accumbens in a prospective randomized 
double blind study, where 16 patients with severe OCD (YBOCS > 30) 
had been included and observed for 2 years. 3 of 10 patients, who reached 
the endpoint so far, are full responders, 3 patients responded partially 
and 4 patients are non-responders, although each patient in the latter 
group showed minor benefits (OCD-symptoms and global assessment of 
function).
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A fi rst series of bilateral DBS in the more rostral part of the anterior limb 
of the internal capsule, improved OCD symptoms but needed extremely high 
stimulation amplitudes, which resulted in early battery consumption and 
yielded side effects [2, 7, 8]. Later on these authors, and most other groups 
located their targets to posterior sites very similar to ours. Results improved 
dramatically.

It turned out that bilateral stimulation in the accumbens yielded better 
results and clearer improvements than unilateral stimulation as used in our 
study. So we decided to implant all following patients bilaterally with clear 
further improvement of our results.

HOW TO AVOID COMPLICATIONS

Surgical complications (bleeding, infections) are rare. In 45 patients implanted 
in the accumbens so far by our group for OCD, depression and Tourette-
syndrome neither bleeding nor infection occurred. Stimulation induced 
hypo mania in one patient. This could be reversed by reducing the stimulation 
amplitude. In one patient, a displacement of the electrode caused a stimula-
tion induced feeling of heat and sweating due to stimulation of the anterior 
hypothalamus. No cognitive or affective impairments had been observed. 
There was a tendency to mood elevation but with the above mentioned ex-
ception no manic or hypomanic symptoms occurred which are sometimes 
seen in patients with Parkinson’s disease, treated with DBS in the subtha-
lamic nucleus.

To avoid hemorrhage, CT and MRI-based trajectory-planning is essential. 
Not only visible blood vessels have to be avoided, but also sulci in which 
small vessels, undetectable in MRI and CT, can be hidden.

We pay special attention to minimize CSF-leakage during surgery by care-
fully plugging the burrhole  with fi brin-sponges, cotton pads, etc. in order to 
avoid brain shifts, which might shift vessels into the pre-planned electrode-
trajectory.

CONCLUSIONS

According to the available limited data, chronic high frequency stimulation in 
the caudo-ventro-medial nucleus accumbens and its transition area to the an-
terior limb of the internal capsule seems to be a safe and effective treatment 
modality for severe and otherwise untreatable OCD.

The results gained so far need still to be confi rmed in larger controlled 
prospective studies. Although most groups using DBS in OCD are now tar-
geting areas similar to the accumbens-target introduced by the author, the 
optimal fi ne-localization has yet to be determined.
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NEUROSURGICAL MANAGEMENT 
OF EPILEPSY IN ADULTS

B. C. DEVAUX

INTRODUCTION

Epilepsy is a chronic disorder affecting 0.5–1% of the population. Despite the 
use of many antiepileptic medications, including the most recently available, 
30–40% of patients continue to have seizures and about 20% will be consid-
ered as drug-resistant [5, 7]. Among those, 50–60% have a partial epilepsy, 
25% of whom could be surgical candidates.

The goal of surgical treatment is fi rst to relieve patients from their dis-
abling seizures, but also to improve neurological, neuropsychological and 
social aspects of their disease, without additional defi cit related to the surgical 
procedure.

Surgical treatment includes numerous resective and non-resective proce-
dures, curative or palliative, and has proven to be superior to medical treat-
ment in refractory temporal lobe epilepsy [25].

Postoperative seizure relief depends essentially on a careful selection of 
patients and an appropriate preoperative workup and surgical technique that 
warrants a dedicated multidisciplinary team.

Historial landmarks are being summarized as follows. Surgical approach 
to treat epilepsy started almost two centuries ago, in North America and 
Europe. In 1828, Benjamin J. Dudley reported in Lexington fi ve patients with 
post-traumatic epilepsy who underwent trephination, three of those becom-
ing seizure-free. In 1852, a Canadian survey conducted by Steven Smith re-
ported 27 operated cases. A few years later, in London, Europe, Sir Victor 
Horsley, considered as the father of epilepsy surgery, reported in 1886 three 
patients with severe epilepsy successfully operated, while in  Germany Fedor 
Krause (Berlin, 1893) and Otfrid Foerster (Breslau, 1920) also started sur-
gery for chronic epilepsy. In 1928 at Montreal, Wilder Penfi eld, who trained 
with Foerster, developed a methodology using electrical stimulation to evoke 
patient’s auras and to map functional areas of the brain exposed during sur-
gery. Later, in 1934, Herbert Jasper in Montreal and Frederic and Erna 
Gibbs in Chicago developed the scalp EEG, which changed the understanding 
of  epilepsy. Later, Jasper and Penfi eld at the Montreal Neurological Institute 

Keywords: epilepsy surgery, temporal lobe epilepsy, extratemporal epilepsy, 
stereo-electro-encephalography, depth electrodes recordings, image-guided 
neurosurgery
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developed direct intraoperative electrocorticography that enhanced surgeon’s 
ability to remove completely the epileptogenic cortex.

Hippocampal sclerosis has been described as a marker of chronic epilepsy 
of temporal origin as early as 1825 by Bouchet and Cazauvieilh and by 
 Sommer in 1880. Falconer et al. described an en bloc resection of temporal 
lobe in 1964 and were the fi rst to propose the term “mesial temporal  sclerosis” 
associated with temporal lobe epilepsy.

In Europe, epilepsy surgery was pioneered in the late 1950s by Jean 
Bancaud and Jean Talairach in Paris. They developed a method based on clin-
ical, neurophysiological and anatomical correlations, using intracranial depth 
electrode exploration (stereoelectroencephalography, SEEG) and tailored 
epileptogenic cortex resection (cortectomy).

The dramatic advances in cerebral imaging profoundly changed the  selection 
of surgical candidates. New surgical techniques, such as callosotomy (Van 
Wagenen and Herren, 1940), hemispherectomy (McKenzie, 1938; Krynauw, 
1950), cerebellar stimulation (Cooper, 1973), and later selective amydgalohip-
pocampectomy (Niemeyer and later Wieser and Yaşargil, 1982), various intra-
cranial targets for neuromodulation (Velasco, 1987), multiple subpial  transections 
(Morrell, 1969) and more recently radiosurgery (Regis, 1993), have widened 
the surgical offer to better fi t with epilepsy characteristics of each patient.

Since the historical HM case who in 1953 underwent bilateral temporal 
lobe resection for epilepsy ensuing with a severe and persisting global amnesia, 
neuropsychological consequences of surgical damage to mesial temporal struc-
tures have been largely documented following the pioneering work of Brenda 
Milner at the Montreal Neurological Institute starting in 1958 and still repre-
sent a challenge for mesial temporal resections. Furthermore, because of a 
higher rate of abnormal hemispheric dominance among epileptic patients, its 
identifi cation is a part of the preoperative evaluation. Intracarotid sodium 
amytal test, introduced by Juhn Wada in 1956, is still performed in cases of 
non-conclusive functional MRI.

Large international meetings such as those organized in 1986 and 1992 by 
Jerome Engel allowed the report of large multicenter cohorts of patients and 
a comprehensive update in all issues of surgical epilepsy. Today, surgery for 
epilepsy is a well established domain of functional neurosurgery.

RATIONALE

Surgical treatment can be offered to patients suffering from a chronic drug-
resistant focal epilepsy, with seizures originating from a cerebral abnormal 
region – the epileptogenic zone – and abnormally functioning circuits leading 
to repeated seizures. The gold standard is a complete resection of the lesional 
or anatomical substrate of the epileptogenic zone, when unique and surgically 
accessible – i.e. the epileptogenic zone does not contain important functional 
cortex [10, 20].
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Surgical procedures are divided in curative and palliative techniques and 
include three orders of procedures: resection, disconnection and modulation. 
Curative procedures tend to remove the epileptogenic zone and/or to dis-
connect the seizure spread pathways; they include lobar, multilobar or tai-
lored epileptogenic cortex resections (cortectomies), selective stereotactic 
destructions, lobar or hemispheric disconnective procedures. Palliative pro-
cedures tend to reduce the frequency and severity of seizures when ablation 
of the epileptogenic zone is not possible; they include corpus callosotomy, 
multiple subpial transections, various techniques of deep brain neuromodula-
tion and vagus nerve stimulation.

Surgically remediable epilepsy syndromes have been identifi ed [6]. They 
include mesial temporal lobe epilepsy (MTLE), epilepsy associated with in-
dolent tumors or malformations of cortical development, scars secondary to 
traumatism, infection, or hematoma, and some hemispheric syndromes as-
sociated with infantile hemiplegia. Identifi cation of patients presenting with 
one of these syndromes, the most frequent of them is temporal lobe epilepsy 
(TLE) – accounting for 70–80% of surgical series –, should be followed by 
successful surgery on seizure outcome.

An epilepsy surgery program requires a multidisciplinary team including 
neurologists, neurophysiologists, neurosurgeons, neuroradiologists, neuropa-
thologists, psychiatrists, neuropsychologists and EEG laboratory technicians. In 
addition, healthcare networks with referring centers and physicians, social work-
ers, and rehabilitation centers should complete the epilepsy surgery program 
[10].

DECISION-MAKING

The success of any surgical procedure for epilepsy fi rst depends on a careful 
selection of the surgical candidates.

Figure 1 illustrates the general strategy leading to surgery as well as a more 
detailed surgical strategy depending on location and etiology of epilepsy.

Initial evaluation, that fi rst selects patients who are felt to be surgical 
 candidates includes a careful clinical evaluation with patient’s and relatives’ 
medical history, seizure semiology description (and when possible, seizure 
observation), scalp EEG, and initial imaging including CT and MRI scans. 
Based on this evaluation, most patients would be classifi ed into one epileptic 
syndrome potentially curable by surgery. If so, selected patients will enter 
into a surgical program made of three steps.

Step one is the presurgical non-invasive investigations. They include a cor-
relative analysis of collected clinical data, spontaneous-seizure monitoring 
using video-EEG, high-resolution neuroimaging including additional MRI 
sequences (T2, Flair, DTI, 3-D T1 with special attention to cortical abnor-
malities), functional MRI (for language dominance and other functions when 
necessary), functional imaging ([18F]fl uorodeoxyglucose [FDG] PET scan, 
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Fig. 1. Decision making in adult partial chronic epilepsy. EZ Epileptogenic zone, ICR intra-
cranial recordings

SPECT, co-registered with MRI), neuropsychological tests and psychiatric 
evaluation. When all data are concordant – in most patients with mesial 
temporal lobe epilepsy associated with hippocampal sclerosis, for example –, 
surgical decision is easy and the appropriate procedure corresponding to 
presurgical investigations data (step three) will be offered to the patient. Con-
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versely, if not all data are  concordant, or when additional information about 
the epileptogenic zone and intracranial seizure patterns are necessary for the 
surgical strategy, invasive intracranial recordings are indicated [5, 20].

Step two is invasive intracranial recordings and comprise different meth-
ods of intracranial electrodes placement and EEG abnormalities recordings. 
They include semi-invasive (sphenoidal and epidural electrodes) with a lim-
ited yield of informations, and invasive procedures with surgical implantation 
of subdural grids or strips of fl at electrodes covering the cortical surface, and 
depth semi-rigid intracerebral electrodes. We favour the latter technique – the 
SEEG – that allows a real three-dimensional analysis of interictal and ictal 
events patterns. Depth electrodes are able to record abnormalities directly 
from deep cortex (i.e. mesial cortex, depth of sulci, insular cortex, etc.) through 
a well-tolerated procedure.

Currently, in reference centers for epilepsy surgery, about one third of 
patients still necessitate invasive intracranial recordings, a rate due to referral 
biases with diffi cult cases and complex seizure patterns, or failures from pre-
vious surgery [5].

Step three is the choice of the most appropriate procedure in a particular 
patient, according to the characteristics of his or her epilepsy.

Patients with TLE associated with hippocampal sclerosis will be offered 
anterior temporal lobectomy (variations in resection extent may depend on 
individual epilepsy patterns), selective amygdalohippocampectomy, or in 

Fig. 1. (Continued)
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selected cases radiosurgery. TLE associated with a tumor will lead to a resec-
tion limited to the image-defi ned tumor volume (lesionectomy) or a larger 
re section; TLE associated with non-tumoral lesions may also lead to lesion 
resection or lobar resection, depending on preoperative evaluation that may 
include invasive intracranial recordings. Cryptogenic TLE should lead to in-
vasive recordings that would guide a tailored temporal lobectomy or reject 
surgery if widespread or bitemporal abnormalities.

Patients with extratemporal epilepsy will also be offered lesionectomy, 
extended lesion resection, tailored cortectomy, or lobar or multilobar resec-
tion depending on lesional or cryptogenic epilepsy and the fi ndings of pre-
surgical investigations.

According to all reported results following surgery for chronic epilepsy, 
the best candidates – in whom the highest rate of seizure freedom is antici-
pated – are MTLE associated with hippocampal sclero sis and temporal or 
extratemporal lesion-related epilepsy. However, it should be considered that 
lesion-related means the presence of an epileptogenic lesion that will be re-
moved and histologically confi rmed but not  necessarily identifi ed on imag-
ing. Focal cortical dysplasia (FCD) may not appear on MRI scans and be 
misdiagnosed as cryptogenic epilepsy, ensuing with inadequate surgical 
strategy. Negative MRI should, in patients with extratemporal epilepsy and 
clinical presentation and video-EEG suggestive of a FCD, lead to further in-
vestigations, with FDG PET scan (searching a focal hypometabolism) and 
SEEG (that will show specifi c patterns if an electrode is implanted within the 
dysplasia) [3].

SURGICAL PROCEDURES AND OPERATIVE TECHNIQUES

1. GENERAL CONSIDERATIONS

Surgical techniques are divided into resective techniques – the most widely 
used, including standardized and customized resections – and non-resective 
ones, including disconnective techniques – hemispherotomy, corpus callos-
otomy, multiple subpial transections –, radiosurgery and neuromodulation 
techniques – deep brain stimulation of various intracerebral targets and 
vagus nerve stimulation. In addition, recently  developed techniques such as 
lobar or selective disconnections, endoscopic resection/disconnection of 
hypothalamic hamartomas and multiple focal thermocoagulation techniques 
are still under evaluation.

Surgical environment is the one of conventional neurosurgery. Helpful 
tools include operative microscopic magnifi cation, neuronavigation guidance 
and cortical/subcortical stimulation techniques for resections in eloquent 
areas. The additional value of intraoperative MRI in resection extent determi-
nation awaits further evaluation. Awake craniotomy and resection can be 
used for lesion resection in language areas. Intraoperative electrocorticogra-
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phy is still performed in some centers as a guide to resection, although 
 obtained abnormalities are local, limited in time, and modifi ed by operative 
conditions. The benefi t of its use remains debated [14]. Intraoperative neu-
ropathological examination of resected specimen may be helpful in patients 
with a lesion poorly limited macroscopically, as are focal malformations of 
cortical development; however, histological intraoperative techniques are not 
suffi cient for identifi cation of structural and architectural abnormalities.

2. TECHNIQUES FOR TEMPORAL LOBE RESECTIONS

Anterior temporal lobectomy (ATL). ATL may be standardized or tailor ed 
according to individual epilepsy patterns obtained from preoperative 
inv estigations.

Figure 2A illustrates the temporal lobe regions that are usually resected in 
anteromesial TLE.

Under general anesthesia, patients are in supine position with ipsilateral 
elevated shoulder and 70°–80° rotation of the head with minor downward 
bending using a Mayfi eld-Kees headclamp. Hair shaving may be limited to the 
incision line, starting from the zygomatic arcade to the lateral frontal area with 
no or minimal incision frontally to the hairline. Osteoplastic or pediculated 
temporal fl ap allows for exposing the anterior two-thirds of the temporal lobe. 

A B

Fig. 2. Three-dimensional brain surface rendering, illustrating the basic scheme of a tem-
poral lobectomy for anteromesial temporal lobe epilepsy. A Lateral view. Through tempo-
ral lobe transparency, the amydgala, hippocampus (dark blue) and pyramidal tract (green) 
are visible. Large variations are observed in resection extent, from a limited  mesial struc-
ture – entorhinal cortex, amygdala, hippocampus and parahippocampal gyrus – to a large 
standardized lobectomy, but in most cases the temporal pole (yellow), basal cortex (light 
blue), mesial structures (red) are removed. B Antero-inferior view. Neurovascular structures 
located close to the mesial aspect of the temporal lobe and potential sources of postopera-
tive complications when injured: posterior cerebral artery, anterior choroidal artery, optic 
tract (1), lateral geniculate body (2), pyramidal tract in the mesencephalon (3)
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Microsurgical resection includes successively the lateral neocortex, the tempo-
ral pole and basal cortex – making easier the hippocampal resection – and then 
mesial structures: uncus, amygdala, hippocampus and parahippocampal 
gyrus. Once the pole has been resected down to the rhinal sulcus, the anterior 
part of uncus and the amygdala (identifi ed by its color and presence of numer-
ous capillaries) is resected. The anterior part of the temporal horn of the 
ventricle is then opened and widened posteriorly to get access to the hippo
campus. The anterior two-thirds of the hippocampus are resected en bloc, the 
posterior limit corresponding to a frontal plane passing through the quad-
rigeminal plate. The hippocampus is separated from the parahippocampal 
gyrus (subiculum) by incision of the arachnoid of the hippocampal sulcus. The 
parahippocampal gyrus is then resected along with the posterior aspect of the 
uncus, with a posterior limit also corresponding to the quadrigeminal plate. 
The resection of uncus and parahippocampal gyrus can be performed using 
the CUSA, taking care to preserve as completely as possible the  arachnoid 
membrane covering the major neurovascular structures lying underneath, 
from front to back and below to upper: intracranial portion of the carotid ar-
tery, posterior communicating artery and second segment of the posterior cer-
ebral artery, oculomotor nerve running below the tentorial edge, and anterior 
communicating artery, basilar vein and optic tract joining post eriorly the lat-
eral geniculate body, visible immediately above the choroidal fi ssure at the 
posterior level of hippo campal resection. Similarly, the lateral aspect of the 
optic tract represents the upper limit of uncus resection. A particular care 
should be taken to avoid any mechanical or ischemic (using bipolar coagula-
tion) lesion of all these structures (Fig. 2B). When preoperative investigations 
suggest a rapid seizure spread to frontal lobe or to insula or perisylvian areas, 
the cortex corresponding to the lower bank of area tempesta (at the contact of 
lower border of middle cerebral artery), preserving the perforating branches 
of the MCA, and of the 15–20 mm anterior of the lower insular cortex should 
be resected.

Other techniques of anterior temporal lobectomy are also described. Stand-
ard en bloc or staged temporal lobectomy classically includes the resection 
described above associated with lateral and basal cortex with a posterior  limit 
that depends on the side of surgery according to the hemispheric dominance: 
4–6 cm from the temporal pole on average on the non-dominant and 3–5 cm 
on the dominant, in order to avoid language areas [1, 18].

Selective amygdalohippocampectomy is a selective technique developed 
fi rst by Niemeyer in Brazil and then by Yaşargil in Zurich for the surgical 
treatment of pure mesial TLE. Resection is limited to mesial structures (amy-
gdala, hippocampus and parahippocampal gyrus) in order to completely pre-
serve temporal neocortex in a functional perspective. The surgical route is 
transsylvian – with dissection of the sylvian fi ssure and a 10–15 mm incision 
of the inferior insular cortex, temporal stem and opening the roof of the tem-
poral horn of the ventricle, before en bloc resection of mesial structures [26]. 
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Other approaches, in particular lateral transcortical – with a 2 cm incision 
through the middle temporal gyrus directed towards the ventricle – have also 
been described, with minimal neocortical injury and reduced risks of vascular 
injury associated with transsylvian route [5].

3. TECHNIQUES FOR EXTRATEMPORAL RESECTIONS

They depend mostly on the presence of an imaging-defi ned epileptogenic le-
sion. The question – that remains unsolved – is to determine whether the re-
section should be limited to the image-defi ned lesion volume or be performed 
on a larger area or whether an electrophysiological intraoperative monitoring 
would increase the probability of favorable seizure outcome.

Lesionectomy. An epileptogenic lesion, such as indolent tumor, identifi ed 
FCD, vascular malformation, and scar, should be resected as completely as 
possible to obtain the highest chance of seizure freedom; incomplete resec-
tion is usually reported as a factor associated with poor seizure outcome in 
statistical analyses [1].

Lesionectomy requires a standard microsurgical technique, but caution 
should be made to minimize tissue fragmentation for adequate tissue neu-
ropathological examination. In eloquent areas, indolent tumors, such as dys-
embryoplastic neuro-epithelial tumors [4] and gangliogliomas and also FCD 
can be safely removed, since no functional tissue has been, in our experience, 
found within the lesion, either on preoperative fMRI or intraoperative corti-
cal and subcortical stimulation mapping [5]. Figure 3 illustrates a lesionecto-
my for a Taylor type focal cortical dysplasia (TTFCD) of the sensorimotor 
cortex.

Non-lesional resections: tailored cortectomies. Cryptogenic epilepsy is 
much more diffi cult to cure than lesion-related epilepsy. Complete seizure 
relief is possible in patients in whom the epileptogenic cortex remains focal. 
In these patients, the surgical strategy is closely dependent on a thorough cor-
relative study of clinical and video-EEG data, abnormalities on functional 
imaging, and fi ndings of SEEG or any other intracranial recordings [11].

Extended lobar and multilobar resections. These large tailored resections are 
rarely followed by seizure-free outcome, although a signifi cant seizure reduc-
tion can be obtained. Like with tailored cortectomies, such resections are based 
on detailed preoperative investigations including intracranial  recordings.

4. RADIOSURGERY

Radiosurgical procedures have been initially developed to treat MTLE as a 
less invasive resective-like procedure. A single dose of high energy photons, 
from cobalt-60 sources (Gamma knife) or a linear accelerator, is delivered to 
a specifi c intracerebral target with a specifi c volume and shape, using a stere-
otactic frame for target localization.
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Currently, radiosurgery has demonstrated an effi cacy for treatment of 
MTLE and hypothalamic hamartomas causing partial epilepsy with gelastic 
seizures [15]. The MTLE targets are the mesial structures. Delivered periph-
eral doses are 18 Gy for MTLE and 17 Gy for hypothalamic hamartomas. 
Reported results are comparable to those obtained after surgical resection, 
although an increase of auras is often reported by patients between the 8th 
and the 18th month following radiosurgery [16].

5. OTHER NON-RESECTIVE PROCEDURES

They include several techniques of cerebral disconnection Their indications 
are currently limited to specifi c cases. They include hemispheric disconnec-
tions – procedures commonly performed in children –, multiple subpial 
transections that can be performed alone or in combination with a resection 
or lobar disconnections.

Hemispherotomy has replaced hemispherectomy, a procedure performed 
to treat epilepsy in the 50s. Hemispherotomy is indicated for the treatment of 
hemispheric epileptic syndromes, such as hemimegalencephaly, extensive 
hemispheric cortical dysplasias, Rasmussen’s encephalitis, infantile hemiple-
gia caused by perinatal brain injury, Sturge-Weber syndrome. Several ap-
proaches have been described (vertical parasagittal, periinsular, transsylvian), 
all of them consist of a complete disconnection of all lobes from basal ganglia 
and internal capsule, including a complete callosotomy, through white matter 
incisions and minimal parenchyma resection [24].

Corpus callosotomy is also an old technique for treatment of epilepsy. 
Indications include tonic and atonic seizures, tonic-clonic seizures, atypical 
absences, in patients not fulfi lling criteria for resective surgery. The technique 
consists of a complete vertical section, through a frontal parasagital route, of 
anterior two-thirds of the corpus callosum. Neuronavigation is helpful to 
control the posterior limit of the section. This procedure is rarely performed 
alone (most often in combination with a frontal resection or as a part of a 
hemispherotomy), since vagus nerve stimulation, a much less invasive tech-
nique, has been offered in patients with similar seizure patterns.

Fig. 3. Focal resection in central region for Taylor type focal cortical dysplasia (TTFCD) in 
a 46-year-old patient with a 39-year history of right hemifacial and upper extremity motor 
seizures. A Coronal FLAIR MRI shows left central signal abnormalities. B 1aFDG PET scan co-
registered with MRI shows an area a focal PET hypometabolism corresponding to an area 
of thickened cortex frontal to the central sulcus, typical for a TTFCD. C Surface rendering 
obtained from 3-D T1 sequences co-registered with functional MRI, showing the central 
sulcus extraction (red), location of the area of TTFCD (yellow), face (blue) and upper ex-
tremity (green) motor activation maps. D Intraoperative views: a circular craniotomy allows 
for a limited exposure of the central region; cortical stimulation of the anterior bank of the 
central sulcus (left) and after the focal resection (right). E Postoperative MRI shows a focal 
resection limited to the dysplastic tissue. The patient has been completely seizure-free for 3 
years without any neurological sequellae except for a slight facial hypesthesia
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Multiple subpial transections is an intracortical disconnective technique 
that consists of multiple linear parallel incisions of the cortex in order to in-
terrupt horizontal intracortical connecting fi bers responsible for discharge 
spread to adjacent cortical areas and synchronization leading to seizure 
 generation, while preserving ascending and descending fi bers that bear major 
cortical functions. They are indicated in patients with epilepsy originating 
from non-lesional cortex in a functional area, such as language, motor, sen-
sory or visual areas, when a resection would lead to unacceptable defi cit. 
Other indications are epileptic syndromes such as Landau-Kleffner syn-
drome. The technique consists in performing  parallel incisions at 5 mm inter-
vals along the gyri exhibiting electrocorticographically recorded epileptiform 
activity, sparing the pial surface and cortical blood supply. Incisions are per-
formed using a surgical hook after a puncture of the arachnoid and pia of each 
gyrus, the tip being oriented underneath the pial surface. Multiple subpial 
transections can be performed either as a single procedure or as a complement 
of a surgical resection in patients with large epileptogenic zone partially in-
volving functional areas [8].

Lobar temporal disconnections are an alternative to temporal lobectomy, 
using the same principles as hemispherotomy but limited to the temporal lobe, 
with indications and results similar to those for temporal lobectomy. Intralobar 
disconnections, such as hippocampal transections, are still under evaluation.

6. NEUROMODULATION TECHNIQUES

Some specialized centers have developed neuromodulation techniques; few 
are standardized and validated in a large population. These are palliative pro-
cedures, the seizure control depending on a functional implantable deep brain 
stimulation (DBS) device. Neuromodulation is based on experimental obser-
vations of a subcortical control of cortical excitability or of inhibitory effect 
on a brain structure by high-frequency stimulation or of an activation effect 
by a low-frequency stimulation or of an interruption of cortical epileptic 
activity by inhibition of subcortical structures.

Multiple intracranial targets for chronic DBS have been experienced, since 
the original work of Irvin Cooper on cerebellar stimulation reported in 1973: 
paravermian cortex of the cerebellum, centrum medianum – parafascicular 
nucleus of the thalamus, subthalamic nucleus, anterior ventral nucleus of the 
thalamus, hippocampus and recently direct cortical stimulation of epilep-
togenic cortex located in functional areas. High frequency (130 Hz) is used 
for most targets, low frequency (10–40 Hz) is used for cerebellar stimulation. 
Chronic DBS electrodes are bilaterally stereotactically implanted and con-
nected to a subcutaneous subclavicular pulse generator. Indications include 
patients with partial epilepsy from various origin and not candidates for re-
sective procedures because of multiple, extensive of poorly defi ned epilep-
togenic zone [22, 23].
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7. VAGUS NERVE STIMULATION

Vagus nerve stimulation is a palliative procedure that will not be described in 
details in this chapter. Indications include partial epilepsies with or without 
secondary generalization, in patients not candidates for resective surgery 

A

C

B

Fig. 4. Six months postoperative MRI scan following left side temporal lobectomy in a 35-
year woman presenting with a left MTLE associated with hippocampal sclerosis. Anterior, 
basal and mesial temporal structures were removed. A 3-D SPGR sequence in the coronal 
plane, showing posterior mesial structures resection and preserved basal cortex. B 3-D 
SPGR sequence in the hippocampal axial plane, revealing the extent of hippocampal resec-
tion. C FLAIR sequence in the coronal plane, passing immediately posterior to the resection 
cavity and showing minimal injury to surrounding brain. D Preoperative (left) and postop-
erative (right) 3-D surface rendering of the left hemisphere showing the resection of the 
anterior third of the superior temporal gyrus and larger resection of the middle and inferior 
temporal gyrus and mesial structures



432

B. C. DEVAUX

because of excessive risk of functional defi cit, widespread or multifocal epi-
leptogenic zone, or bilateral seizure onset. Operative technique consists of 
left cervical incision, left vagus nerve dissection at the posterior aspect of the 
vascular stem, and placement of a spiral electrode around the nerve, followed 
by a subcutaneous placement of an extension connected to a pulse generator 
which is usually placed below the clavicle or better in the axillary through 
a hidden incision behind the pectoralis major muscle. Usual stimulation 
 parameters are cyclic stimulation (30 s on, 5 min off), 0.75 to 2 mA, 30 Hz, 
250–500 μs pulses [17].

8. POSTOPERATIVE CARE

Postoperative care includes a one-day intensive care follow-up in most tem-
poral lobe operated patients, immediate administration of usual antiepileptic 
drug (AED) treatment associated with intravenous clonazepam (2–3 mg/day) 
to avoid early postoperative seizures. Control CT or MRI scan is performed 
within one week after surgery. Postoperative controls are made at 2, 6 and 12 
months postoperatively, then every year. Postoperative evaluation at 6 months 
include MRI scan, scalp EEG, and repeated neuropsychological tests (Fig. 4). 
AED discontinuation is usually initiated after 2 years of seizure freedom, 
with progressive suppression of a fi rst AED followed by others, over a time 
range depending on patient age, preoperative duration on epilepsy, severity 
and frequency of seizures, and postoperative EEG patterns.

RESULTS

Temporal lobe resections are the most performed procedures and account for 
77–87% of all resective procedures, while extratemporal resections account 
for 13–19% [5].

Results after surgery consider fi rst the seizure outcome, expressed accord-
ing to the widely used Engel’s scale [6]. The functional outcome with respect 
to neurological, neuropsychological and psychiatric status is an important 
part of the social and personal benefi t following surgery. In addition, the 
management of AEDs should be considered in the seizure outcome. Com-
plete evaluation of the outcome after surgery for epilepsy should include all 
these parameters. 

Results should of course be expressed according to the length of the fol-
low-up. After an initial period of seizure freedom, recurrent seizures may 
occur, usually within the fi rst postoperative year, although late recurrences 
can also be observed.

Table 1 summarizes the global results after temporal lobe and extratempo-
ral resections, according to recent large institutional series, multicenter sur-
veys and meta-analyses.
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For TLE, recent meta-analyses report a 66% long-term seizure freedom, 
although higher percentages (over 80% of patients) are reported from single 
centers or in multicenter-based studies. In extratemporal epilepsy, results are 
more variable due to smaller number of patients and various etiologies and 
techniques, and generally less favorable seizure-free rates (around 50%) are 
expected postoperatively [7, 19, 21].

However, those global results do not refl ect the large variability of seizure 
outcome in subgroups of patients depending on seizure patterns, etiology, 
 extent of epileptogenic zone that are identifi ed on preoperative investigations. 
As an example, extreme outcomes with respect to seizures are observed in 
cryptogenic extratemporal epilepsy (less than 40% Class I), while a complete 
resection of extratemporal TTFCD may be followed by a 90–95% seizure-
free rate [5].

Despite current excellent seizure outcome following most resective tech-
niques and extensive and up-to-date investigations, there is still 15–30% of 
patients with TLE, and even more on a long-term observational period, and 

Table 1. Results of epilepsy surgery among recent single institution large series, multi-
center study and literature reviews

Disorder, author, year No. of patients Study type % Patients with 
seizure outcome:

   Class I Class IA

Temporal lobe epilepsy

Engel et al., 1993 3579 MCS 67.9 –
Bien et al., 2001   148 ICS C – 44.6
Clusman et al., 2002   279 ICS 70.7 –
Jutila et al., 2002   140 ICS 56 46
Salanova et al., 2002   215 ICS 69
Engel et al., 2003 1952 MA 67 –
Wieser et al., 2003   453 ICS 67 57
Tellez-Zenteno et al., 2005 3895 MA 66 –
Spencer S. et al., 2005   297 MCS 68 56
Dupont et al., 2006   183 ICS 71 48
Sindou et al., 2006   100 ICS 85 74
Devaux et al., 2008 1221 MCS 80.6 56.7

Extratemporal epilepsy

Engel et al., 1993   805 MCS 45.1 –
Zentner et al., 1996     60 ICS 54 –
Engel et al., 2003   298 MA 50 –
Tellez-Zenteno, 2005   169 MA 34 –
Spencer et al., 2005     42 MCS 50 –
Devaux, 2008   267 MCS 66 44

ICS Institutional case series; MA meta-analysis; MCS multicenter survey; C  controlled
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40–60% of patients with extratemporal epilepsy who are not rendered sei-
zure-free after surgery.

Early seizure recurrence is usually due to inadequate resection or proce-
dure, misinterpretation of preoperative data leading to a wrong identifi cation 
of localization and/or extent of the epileptogenic zone, and a misdiagnosed 
multifocal epilepsy or widespread epileptogenic zone [1].

Predictive factors of late recurrence include longer preoperative dura-
tion of epilepsy, absence of image-defi ned lesion and specifi c lesion on 
pathological examination of resected specimen, and occurrence of early 
postoperative seizures [13]. More specifi cally, a higher likelihood of seizure 
 recurrence after temporal lobectomy includes history of head injury or 
encephalitis, late seizure onset, several types of seizures. After extratempo-
ral resection, normal neuroimaging and absence of pathology is associated 
with higher risk of seizure recurrence [27]. The risk of late recurrence 
in seizure-free patients may warrant continuation of AEDs in patients 
with higher risk, although there is no evidence in the literature for such 
recommendation.

Reoperation is a valid option for those patients in whom a clearly 
 inappropriate resection has been performed. Additional structural lesion or 
mesial temporal or neocortical structures resection, following repeated and 
careful preoperative investigations, may lead to a seizure-free outcome, 
 reportedly in half of the reoperated patients [1, 12].

Surprisingly, shorter experience in epilepsy surgery is not associated with 
signifi cantly higher rate of failures, when using an appropriate selection of 
candidates. Longer experience is also associated with referral of more com-
plex cases, of more risky procedures such as those in functional areas or of 
more indications for palliative methods.

HOW TO AVOID COMPLICATIONS

1. General complications include postoperative hematomas that do not 
differ in severity and causes from those observed in general neurosurgery, 
hydrocephalus especially in older patients, infections in 2% of patients, and 
thromboembolic complications more frequently in patients older than 50 
years. Aseptic meningitis is not uncommon after temporal lobectomy, it does 
not require antibiotics and resolves spontaneously within a few days [9]. We 
found a 5% rate of general complications in our 2008 multicenter survey to-
talizing more than 2600 patients [5].

2. Functional complications include those from invasive intracranial re-
cordings and from surgical resections.

Complications from invasive intracranial recordings. Complications 
from the use of depth electrodes include hemorrhage (1–3% requiring sur-
gical evacuation or causing neurological defi cit) and infection (1–5%). 
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With grid or strip electrodes, subdural bleeding is rare, but infection 
occurs more frequently (1–7%) [2, 5]. Careful implantation planning 
of intracranial electrodes avoiding surface and sulcal vessels – especially 
veins – for depth electrodes and bridging cortico-dural veins for subdural 
grids would limit the occurrence of hemorrhagic complications, while a 
rather short duration of recordings would limit the occurrence of infec-
tion. In our experience, invasive recordings in a patient should better not 
exceed fi ve days.

Neurological side effects and complications from surgical resections may 
be transient or permanent.

Expected side effects of temporal lobe resections include visual fi eld defects, 
language disturbances and verbal memory defi cits when performed on the 
dominant side, non-verbal memory defi cits on the non-dominant side.

Visual fi eld defects are usually contralateral superior quadrantopsia that 
resolves partially in a few months; it is due to the opening of the temporal 
horn which interrupts Meyer’s loop optical fi bers. Quadrantopsia is not 
disabling; car driving can be permitted, while complete contralateral hemi-
anopsia is a severe complication. Hemianopsia is caused by two major 
mechanisms: (1) surgical trauma of the optic tract or of the lateral geniculate 
body during the resection of the mesial aspect of the hippocampus (lateral 
geniculate body lies just underneath the fi mbria in the surgical position) or 
(2) anterior choroidal artery occlusion (most often by inadvertent coagula-
tion). Careful dissection of these structures may be diffi cult in patients with 
severe hippocampal and mesial structure scleroses that are fi rm and adher-
ent to the arachnoid membrane protecting the basal vessels and nerves. 
Avoidance of coagulation of any vessels except small pial branches can pre-
vent such complications. 

Importantly, a limited anterior opening of the ventricle does not produce 
any visual fi eld defect. 

Aphasia is likely to occur if the temporal neocortical resection extends 
posteriorly beyond the anterior third of the superior temporal gyrus. In pa-
tients with limited resection of this gyrus a mild transient aphasia may occur, 
resolving within a few days. Awake craniotomy may help to prevent this 
complication; however, no permanent aphasia is expected if the neocortical 
resection of the superior temporal gyrus is limited.

Verbal memory defi cits are observed in 10–60% of patients operated on 
the temporal lobe, due to limbic structures resection.

Hemiparesis or hemiplegia is not expected after temporal lobectomy. They 
may be caused by mechanical injury of the mesencephalon  during resection 
of mesial structures, or by anterior choroidal artery occlusion, which leads to 
severe long-standing hemiplegia and permanent hemianopsia [1].

Expected side effects following extratemporal resections depend on 
their location. When perfomed in eloquent areas, a hopefully transient 
defi cit, complete or incomplete, is anticipated, due to brain tissue dis-
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section, retraction, dessication, resolving usually within days or weeks. 
Supplementary motor area defi cits may last 2–3 weeks and then resolve 
rapidly. Inferior precentral cortex resection is associated with a transient 
facial paresis that also resolves in a few weeks. Superior precentral cortex 
resection is associated with a permanent motor (and sometimes sensory) 
defi cit and should be avoided. When an epileptogenic lesion should be re-
moved in those regions, careful microsurgical dissection under cortical/
subcortical stimulations helps to avoid such permanent unacceptable 
defi cits.

Psychiatric side effects or complications from epilepsy surgery occur in 
2–40% of the patients; they include acute psychosis, anxiety or depression. 
The risk of suicide is increased postoperatively. Preoperative personality 
 disturbances are predictive of postoperative psychiatric complications. Other 
psychiatric disorders such as schizophrenia and obsessive compulsive disor-
der are less frequent.

In our survey, we found a 4.3% complication rate for invasive recordings 
and a 8% global rate of surgical complications among 14 centers and more 
than 2600 patients: 3.7% were minor disabling, 1.6% were major but with-
out disabling sequellae and 2.7% were major with permanent disabling 
 sequellae.

CONCLUSIONS

MTLE associated with hippocampal sclerosis and lesion-related temporal 
and extratemporal epilepsy – especially if associated with a congenital tu-
mor and a focal cortical dysplasia – represent the most favorable indica-
tions for resective surgery with 80–95% chances of postoperative seizure 
relief.

Epilepsy surgery requires a dedicated multidisciplinary team. Besides 
technical skills, epilepsy surgery requires, as any functional neurosurgery, ad-
ditional particular care beyond medical and surgical treatment. Healthcare 
networks and psychosocial rehabilitation are necessary and contribute to a 
global outcome in those incapacitated patients.

The future of epilepsy surgery belongs to curative minimally resective 
procedures, better sparing functional brain. Alternative procedures, such as 
radiosurgery, stereotactically guided thermocoagulations or MRI-guided fo-
cal lesioning, will be offered to patients.

Because most partial chronic epilepsies have their onset during child-
hood, and better results on both seizures and developmental, social and 
personal outcomes are expected after early surgery, epilepsy surgery should 
be more extensively promoted in children and young adulthood although 
excellent results may also be observed in adults after a long-standing focal 
epilepsy.
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NEUROPHYSIOLOGY APPLIED 
TO NEUROSURGERY

F. MAUGUIÈRE

INTRODUCTION

For more than fi ve decades progress in functional neurosurgery has been 
boosted at every time surgeons and physiologists have accepted the idea that the 
best way to restore a function, or to control a functional disorder, through a 
surgical operation, was to share their knowledge and to elaborate together new 
concepts as well as innovative procedures to the benefi t of patients. The two 
most famous examples of such an effi cient collaboration are without doubt the 
couples formed by Herbert Jasper and Wilder Penfi eld in Montreal and by Jean 
Talairach and Jean Bancaud in Paris, who both contributed to settle the princi-
ples of epilepsy surgery, but through distinct and complementary approaches 
that are still a matter of debate nowadays. The same type of collaboration has 
also permitted signifi cant breakthroughs in neurosurgical treatment of pain and 
movement disorders.

The neurosurgeon may need also some help from the neurophysiologist 
when preservation of function is at stake during operation; this is why electro-
physiological neuromonitoring during surgery using both recording and 
 stimulation procedures has known a considerable development for the past 
twenty years. Lastly electrophysiological recordings contribute to the prognosis 
of coma in intensive care units. In this chapter, we will review only the con-
tributions of clinical neurophysiology to epilepsy and pain surgery and to 
neuro-monitoring during surgery, because these fi elds are those where neu-
rophysiology has a direct impact for optimal achievement of neurosurgery.

ELECTROENCEPHALOGRAPHY (EEG), 
MAGNETOENCEPHALOGRAPHY, AND INTRACRANIAL 
EEG IN EPILEPSY

1. WHAT DOES ROUTINE SCALP EEG BRING TO THE NEUROSURGEON?

Despite the progress of modern imaging techniques, in particular that of mag-
netic resonance imaging (MRI), the recording of scalp EEG is still carried out, 

Keywords: clinical neurophysiology, monitoring, mapping, epilepsy, func-
tional neurosurgery
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as part of the diagnostic evaluation of patients suffering from epileptic seizures. 
The idea that EEG might contribute to the diagnosis of the lesion causing epi-
leptic fi ts has been abandoned since the early seventies, when computerized 
X-ray tomography (CT) became available in most epilepsy departments. There 
is however a consensus among epileptologists that the recording of interictal 
paroxysms known as spikes or spike waves is essential, in combination with the 
clinical presentation of seizures, to the classifi cation of epileptic syndromes 
and, particularly, to make the distinction between generalized and partial 
 epilepsies. Because only the latter may be symptomatic of a focal lesion, the 
presence of focal EEG paroxysms on a routine scalp EEG remains a reliable 
indicator that a focal lesion must be actively searched for, with the exception of 
some childhood epileptic syndromes for which the association of focal seizures 
with focal interictal spiking is the manifestation of a developmental non-lesion-
al benign epileptic syndrome. Focal interictal EEG slow waves also suggest the 
presence of a causal lesion in this context. More pertinent for the neurosurgeon 
is the question whether transient interictal EEG paroxysms provide some in-
formation regarding the location of neuronal population that produces the sei-
zures, usually referred to as the epileptogenic zone (EZ) in epilepsy surgery 
literature. In other terms, are focal spikes usable for surgical treatment of the 
epilepsy itself? Routine scalp EEG is unable to tackle this question without the 
help of source modeling of interictal spikes.

2. SOURCE IMAGING OF EEG AND MEG INTERICTAL PAROXYSMS

The basic assumption supporting the use of spikes sources imaging for local-
izing the epileptogenic zone is that the so-called irritative zone, which pro-
duces interictal spikes, might be coextensive with that producing the ictal 
discharges. This assumption is far from being validated by depth recordings 
of ictal and interictal signals, which rather suggest that in the majority of 
cases the irritative zone is larger than the EZ.

2.1 MEG versus EEG

Before looking briefl y at the technical requirements of source modeling, a 
few comments are necessary concerning the respective advantages and disad-
vantages of magnetoencephalography (MEG) versus EEG for modeling 
sources of interictal spikes [9]. MEG consists of recording of magnetic fi elds 
produced by the neuronal electric activity. Electric and magnetic fi elds pro-
duced by a single dipolar source in the brain volume are oriented in orthogo-
nal planes according to Maxwell’s law and refl ect the same ionic fl ux through 
the neuronal membrane, and thus the same physiological phenomena. In 
 other words, MEG does not provide information in addition to that of  EEG. 
Furthermore, MEG-based localization of sources raises the same fundamen-
tal mathematical problems as EEG-based source modeling. One advantage of 
MEG over EEG is that magnetic signals are immune to fi eld distortion caused 
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by volume conductor effects due to crossing of tissues with different conduc-
tivities from brain to surface (brain, meninges, cerebrospinal fl uid, skull bone, 
and scalp), while EEG signals are sensitive to these distortions. This contrib-
utes to an enhanced accuracy of source modeling by MEG. The number of 
sensors which are contained in a helmet without direct contact with the head 
is over 200 in last-generation MEG devices, a number diffi cult to achieve with 
EEG electrodes pasted onto the scalp surface. This high spatial sampling also 
contributes to the source model accuracy, even though high-density EEG 
now permits to apply more than 100 electrodes on the scalp surface. Lastly, 
other differences between EEG and MEG cannot be viewed as a clear advan-
tage of one technique over the other. For instance, MEG can pick up only 
magnetic fi elds perpendicular to the scalp surface produced by superfi cial 
cortical sources tangent to scalp surface located in the banks of cortical fi s-
sures, while EEG is sensitive to sources located both in fi ssures banks and 
gyral crests as well as to deeply located sources. The  spatial fi ltering of MEG 
can be viewed as an advantage because the signal is not contaminated by deep 
sources, but also as a major drawback since MEG is blind to signals from 
gyral surface, which accounts for one third of the total cortical surface. If one 
adds that MEG is much more expensive than EEG, there are not so many 
arguments suggesting that EEG will be marginalized by EEG. Therefore, we 
will make no distinction between EEG- and MEG-based source modeling in 
what follows.

2.2 General principles and limitations of source modeling

Source modeling is based on an iterative statistical estimation of the locations, 
orientations, and amplitudes of the intracerebral generators from surface sig-
nals and this requires models for both generators and conductive media [8]. If, 
at a given time, the source distributions and confi gurations within the brain as 
well as the conductive properties of the tissues are known, the resulting poten-
tials at the scalp surface can be calculated on the basis of physical principles. 
This is generally referred to as the forward problem and has a unique solution. 
Inversely, dipole modeling methods search for the location of intracerebral 
generators whose activity might explain scalp potentials and this is referred to 
as the inverse problem. Thus, source modeling consists of a three-dimensional 
extension of conventional two-dimensional EEG (or MEG) analysis.

As signals are recorded at only a fi nite number of sites on the scalp, it is 
theoretically possible to obtain an infi nite number of intracerebral source 
confi gurations for a given surface distribution. In practice, however, knowl-
edge of the underlying pathology and physiology allows for the defi nition of 
some constraints which considerably help to reduce the number of solutions 
(for example, sources cannot be located in ventricles, white matter, and eyes, 
etc.). Solutions are calculated using an iterative process by which the dipole 
location, orientation, and amplitudes are changed step by step to obtain the 
best fi t between the real and the computed scalp potential distributions. The 
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quality of the solution is evaluated by goodness of fi t or residual variance 
parameters refl ecting the percentage of data variance explained or left unex-
plained by the model, respectively.

The easiest way to represent a current source is with a current dipole, 
which is produced when an ion fl ow through the neuronal membrane occurs 
at the synaptic cleft during postsynaptic excitation or inhibition of pyramidal 
cells dendrites. This fl ow is counterbalanced by a current stream along the 
postsynaptic membrane, resulting in a group of negative and a group of posi-
tive charges, separated by a small distance along the axis of the pyramidal cell 
(i.e., a dipole). If a suffi cient number of focal neurons are synchronously ac-
tive, as is during an epileptic spike, currents may be obtained with suffi cient 
amplitude to produce a measurable potential difference at the surface because 
pyramidal cells are organized in columns orientated perpendicular to the cor-
tical surface. The geometry of neuronal aggregates is of particular importance 
since closed-fi eld confi gurations, i.e., groups of neurons with radial or ran-
dom orientations of their dendritic trees (as in amygdala or thalamus for ex-
ample), will theoretically give rise to very small or nil equivalent dipoles with 
no recordable electrical potential outside. Conversely, if neurons are orien-
tated in a parallel way (open fi eld), as is for cortical pyramidal cells, their ac-
tivity can be modelled by an equivalent dipole, representing the vectorial sum 
of each of the unitary dipoles. The possibility to detect spikes thus heavi ly de-
pends on the confi guration of the generators, but also on their spatial extent 
and depth. For instance, the question whether spikes originating from mesial 
temporal structures are detectable on the scalp surface, which is crucial for pre-
surgical evaluation of temporal lobe epilepsy (TLE), has been much debated in 
literature. A few studies suggested that mesial temporal spikes are detectable on 
the scalp, but without direct validation by intracranial recordings. Combined 
depth EEG and surface recordings showed that intracranial spikes involving 
solely the deepest mesial contacts in TLE are hardly visible on surface.

The main limitation of the equivalent dipole model is that the neuronal 
sources of spikes are modelled with a few dipoles that do not provide infor-
mation on the spatial extent and confi guration of the generators. To over-
come this intrinsic limitation, volumetric methods have been developed of 
which the most basic one consists of distributing regional dipoles over a 
predetermined volumetric grid which usually consists of sources lying on 
the cortical surface [2]. Following segmentation of the MR volume, dipolar 
sources are regularly placed along the surface of the cortical mantle. A real-
istic representation contains on the order of ten to one hundred thousand 
dipole “pixels”. Resolution of the inverse problem thus requires the use of 
either explicit or implicit constraints on the allowed current source distri-
butions (see above). Despite their attractiveness, those alternatives to classi-
cal dipole modeling approaches, which provide a more realistic picture of 
the spike sources, have not yet been formally compared to older methods. 
Projection of sources onto three-dimensional MRI represents the fi nal op-
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eration of source modeling. Coregistration of dipole modeling and anatom-
ical data implies that both are in the same frame; most available software 
packages now allow for automatic registration of dipole modeling results 
onto individual or averaged MRI data. The term “source imaging” has been 
proposed to qualify the fi nal presentation of data in which sources are fused 
with the MRI (Fig. 1).

2.3  Is source imaging of interictal spikes useful for localizing 
the epileptogenic zone?

A few studies have tackled the question whether source imaging could contrib-
ute to the localization of the EZ. The only means to address this question is to 
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Fig. 1. A, B Source imaging of interictal spikes. A Sequence of source modeling showing 
the spike and the topographic distribution of the potential fi elds at the peak of the spike 
(left), the computed location and time activity of the source (middle), and the projection of 
the source location on each patient’s brain MRI (right). For this patient with right parieto-
occipital epilepsy, voltage maps at different peaks of the averaged interictal spike showed 
identical scalp distributions. This type of spike can be explained by a single source and 
adding others does not improve the residual variance (2.92%). This source was matched 
with the MRI, which showed grey matter heterotopia in the right occipital white matter 
(arrow). B Two distinct sources were necessary to explain the spikes with an acceptable 
residual variance (2.87%) for this patient with extensive frontotemporal atrophy of the right 
hemisphere. These two sources are activated sequentially and suggest early involvement of 
the temporoparieto-occipital junction followed by that of the posterior temporal neocortex  
(From Ref. [2] with permission)
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refer to the even defi nition of the EZ, which is based on a seizure-free outcome 
after surgery, even though this leaves open the question whether a more limited 
resection could have been as effi cient. This issue has been reviewed recently by 
Plummer and collaborators [9]. Most studies have compared the location of 
spike sources with resection margins in good outcome patients (Engel class 1 
and 2). Comparing source models of interictal MEG spikes, MRI, interictal-
ictal video-EEG and intracerebral  recordings, some authors found dipole 
modeling to be the second most sensitive method, after ictal intracerebral re-
cordings, for predicting the EZ in TLE. In extratemporal cases the sensitivity is 
less. A  recent  study using single source dipolar-distributed modeling of 128 
channel EEG data reported that in 18 of 24 patients, all but 2 with lesional  focal 
epilepsy, who underwent epilepsy surgery (17 temporal, 7 extratemporal) the 
source maximum fell within the border of the resection area; 16 of these pa-
tients having an Engel class 1 outcome. However, the investigators were not 
blinded to MRI data during the source fi tting procedure. The concordance be-
tween the resection volume and the extent of the distributed source solution 
proved satisfying (>50% overlap) and was also observed in 90% of children 
with focal  epilepsy, most of them being seizure free after surgery.

The only study that has addressed directly the question whether the spa-
tial extent of the spiking network (as defi ned by spike modeling) may help in 
delineating the EZ and planning resection is the MEG study by Fischer et al. 
[4]. Using a single dipole model for a series of 33 patients who underwent 
epilepsy surgery, these authors showed that both the concentration of spike 
sources in a restricted area and a high coverage of this area by the resection 
volume correlate with a good outcome. However, these promising results 
have some limitations: (a) a single spike may refl ect the activation of several 
sources and this does not imply that all sources need be removed to control 
seizures; (b) a number of TLE patients who are seizure free after mesial tem-
poral surgery may actually show interictal spike sources in the lateral neo-
cortex prior to surgery; (c) seizure spread may include areas uninvolved in 
interictal spiking.

2.4  Is source imaging helpful to guide surgical resection 
of epileptogenic lesions?

Most studies exploring the relationships between MRI abnormalities and 
the generators of interictal paroxysms reached a fairly good spatial agree-
ment. Most have used single dipole source modeling. These results come 
from series of various sizes (1–16 patients) including epilepsies of different 
types and may therefore be contradictory. However, global analysis shows 
dipole sources to be located within lesions or close to then (within 10 mm) 
in about 80% of cases, regardless of the technique used to record the spikes 
(EEG or MEG). Thus, both techniques seem to provide a similar degree of 
accuracy. As far as the type of lesion is concerned, the best spatial con-
gruence between spike sources and lesion locations are found in focal dys-
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plasia or heterotopia (86%), followed by hippocampal atrophy (79%), 
whereas sources are close to tumors in only 50%. In cavernous angiomas,  
interictal MEG spike sources were located less than 20 mm from the lesion 
itself or from the surgical scar after unsuccessful lesion resection. Thus,  
source modeling could be useful to identify the epileptogenic lesion in pa-
tients with multiple cavernous angiomas. These data suggest that the spatial 
relationships between lesions and sources of interictal spikes can vary and 
seem to depend on the lesion type. In the majority of cases, an overlap exists 
between the lesional zone and the network involved during interictal spikes. 
Whether a good spatial congruence between lesion and spike sources is pre-
dictive of a seizure-free outcome after lesion removal remains to be vali-
dated in large groups of patients, conversely a clear spatial mismatch may 
prompt the recording of spontaneous seizures before surgery, eventually 
using invasive intracranial recordings, in order to better delineate the spatial 
relation between lesional and epileptogenic zones. For invasive recordings 
the placement of electrodes can be guided by source imaging of interictal 
spikes.

3. ICTAL SCALP AND INTRACRANIAL EEG RECORDINGS

Scalp video-EEG recording of spontaneous seizures is considered as a pre-
requisite to epilepsy surgery. Combined with MRI, and eventually with other 
noninvasive investigations (source imaging of interictal spikes [see above]), 
ictal single-photon emission computerized tomography [SPECT], and posi-
tron emission tomography [PET] using fl uorodeoxyglucose [FDG] or radio-
ligands of neuronal receptors, scalp video-EEG recording can provide 
enough information for the planning of the surgical resection of the EZ, with-
out need for invasive intracranial EEG recording of seizures. However when 
data from noninvasive explorations are not congruent enough to delineate 
precisely the EZ, intracranial ictal recordings may be necessary; in what fol-
lows we review briefl y the state of the art and indications of these invasive 
 procedures.

3.1  Aims and limitations of ictal intracranial EEG recordings

The main advantage of intracranial recordings over noninvasive methods is to 
assess directly the abnormal paroxysmal neuronal discharge that characterizes 
the epileptic seizures with either subdural grids of electrodes applied on the 
cortical surface or depth intracerebral electrodes implanted through MRI 
guided stereotaxy (stereo-electroencephalography, SEEG). Intra cranial elec-
trodes also offer the possibility of stimulating the cortex either to reproduce 
seizures or to perform a functional mapping of eloquent areas (see below). 
Their main disadvantage is that the exploration is restricted to a limited area 
which is chosen according to preimplantation hypothesis based on data from 
scalp video-EEG ictal recordings and neuroimaging data. Thus, this approach 
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suffers from a spatial sampling bias and some degree of circularity in the im-
plantation strategy. Furthermore, while intracerebral recordings through 
depth electrodes provide with a three-dimensional exploration of the cerebral 
volume, subdural recordings using electrode grids do not explore the depth of 
cortical sulci and deep cortical areas, such as the insula, that represent more 
than 50% of the cortical surface. The need for such invasive procedures stems 
from the fact that data from video-EEG recordings and neuroimaging can be 
either poorly informative (for instance, in cases of cryptogenic epilepsy with 
normal MRI) or discordant. As an example, in a series of 100 consecutive pa-
tients with temporal lobe epilepsy, of whom 69 showed hippocampal atrophy 
on MRI, excluding patients with cavernous angiomas, low-grade astrocy-
tomas, and oligodandrogliomas, who have been operated between 1994 and 
2003 in the Lyon Functional Neurosurgery Department [12], 48 underwent 
depth electrode recordings (SEEG) before surgery. Invasive recordings were 
considered necessary after a noninvasive  assessment that included scalp video-
EEG recording of seizures, MRI, and FDG PET. This percentage is high com-
pared to those reported from other epilepsy centers because a number of cases 
were referred from centers with no facility to perform SEEG recordings, but 
where patients with typical mesial TLE were operated after a noninvasive 
presurgical assessment. In spite of this sampling bias, this percentage shows 
that in many cases invasive recordings are needed to plan a tailored cortical 
resection and contribute to ameliorate the surgical outcome. Indeed, 85 of our 
100 patients are seizure free after surgery (Engel class 1); a fi gure that com-
pares favorably with most of the published series.

3.2  Indications of intracranial EEG recordings in epilepsy surgery

On the basis of the reliability and specifi city of the information brought by 
imaging and invasive EEG recordings, four strategies can be proposed ac-
cording to the clinical context of the surgical decision.

Imaging studies other than MRI and invasive ictal EEG recording are not 
needed in at least three frequent instances where clinical history, MRI, and 
scalp video-EEG ictal recordings are suffi cient to make a surgical decision. 
The fi rst one is that of newly diagnosed epileptic seizures revealing a single 
focal lesion the location of which explains the seizure symptoms. In that situ-
ation, lesion resection is the right decision. Similarly, in patients with focal 
cortical dysplasia suffering from long lasting drug-refractory partial seizures, 
lesion resection can be performed without sophisticated imaging investiga-
tions or invasive ictal EEG recordings, on the condition that there is no dis-
cordance between lesion location, ictal symptoms, and scalp EEG data as 
 assessed by video-EEG recording of seizures. Thirdly in drug-refractory 
TLE, anterior temporal lobectomy can be proposed on the condition that all 
of the diagnosis criteria of mesial TLE are met, including: (a) history of febrile 
 convulsions in early childhood; (b) epilepsy onset in late childhood or adoles-
cence; (c) drug-resistant partial seizures with epigastric aura, oro-alimentary 
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automatisms, loss of contact, postictal confusion state; (d) rare secondary 
generalized seizures; (e) unilateral temporal interictal EEG spikes; (f) tempo-
ral ictal theta EEG discharge occurring after seizure clinical onset and; 
(g) unilateral hippocampal atrophy on the side of EEG abnormalities. When 
 available, interictal glucose hypometabolism on FDG PET in the epilep-
togenic temporal lobe can be useful because it is predictive of a favorable 
surgical outcome.

EEG-MEG source imaging, SPECT, and/or PET can make useless inva-
sive recordings in symptomatic partial epilepsies when the questions at stake 
are either to demonstrate that the spiking and lesional areas are coextensive or 
to identify the epileptogenic lesion in patients with multiple lesions such as 
cavernous angiomas or tubers.

Either subdural or depth SEEG ictal recordings are needed in all cases of 
cryptogenic epilepsies in order to delineate the EZ. There is no evidence that 
one approach is superior to the other. Subdural recordings can cover a corti-
cal area larger than that explored with a limited number of depth electrodes, 
but the latter are better adapted to the exploration of deep cortical gray mat-

Fig. 2. Focal epileptic mesial temporal and insular discharge recorded by SEEG. The spike 
discharge is detected at the hippocampal (IT, arrow 1) and insular (I, arrow 2) recording 
sites, while its onset is unseen at recording sites located in temporal operculum (O) and 
lateral temporal neocortex (ET). These SEEG traces illustrate the limitations of surface corti-
cal recordings by subdural electrode grids by showing that, when the seizure onset zone is 
situated in mesial temporal structures and or perisylvian cortex, cortical surface recordings 
are blind to the seizure discharge
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ter. Similarly, in large lesions both approaches can be used to decide whether 
a partial lesion resection is possible.

Depth EEG recordings (SEEG) are recommended in TLE  patients when 
some of the criteria of mesial temporal lobe  epilepsy are missing, in particular 
unilateral hippocampal  atrophy (see above), and also when ictal symptoms 
suggest an insular or perisylvian origin of seizures [7]. In that indication, 
depth recordings are superior to subdural recordings because they offer the 
possibility of exploring the whole volume of the temporal lobe and perisyl-
vian cortex including the insula (Fig. 2). Furthermore in all types of extratem-
poral epilepsies, depth SEEG recordings provide direct access to both outer 
and inner aspects of the hemisphere and also to the gray matter buried in 
cortical sulci. This represents a great advantage over subdural electrode grid 
recordings, which are limited to a two-dimensional surface exploration.

NEUROPHYSIOLOGY APPLIED TO SURGICAL 
TREATMENT OF PAIN

1.  IS CLINICAL NEUROPHYSIOLOGY USEFUL TO EXPLORE THE PAIN 
 PATHWAYS?

The fi rst method proposed to explore the pain system consists of recording 
the spinal fl exion refl ex (SFR) triggered by noxious stimuli, the threshold of 
which closely correlates with the subjective pain threshold. This technique 
explores the segmental spinal refl ex to pain, but not directly the responses of 
spinal and supraspinal neurons involved in pain transmission. Somatosenso-
ry and pain evoked responses offer this possibility [1]. The standard so-
matosensory evoked potentials (SEPs) to electric stimulation of peripheral 
nerves only assess function of the dorsal column-medial lemniscus system. 
Therefore, whereas abnormal SEPs provide good evidence for an impairment 
of the somatosensory system, normal SEPs cannot exclude a selective im-
pairment of the spinothalamic system. Only laser-evoked potentials (LEPs) 
explore the spinothalamic pathways up to their cortical targets. Laser stimu-
lators deliver brief heat pulses (1–100 ms) that ensure synchronous activation 
of peripheral A delta and C pain fi bers. It is possible to activate preferen-
tially subsets of these fi bers by changing the stimulus characteristics (energy, 
duration, area of the irradiated spot). LEPs can detect conduction abnor-
malities at any point in the pain-temperature pathways, from periphery to 
cortex. However only cortical responses are recordable after laser stimula-
tion so that, contrary to standard SEPs, which can detect segmental spinal, 
cervicomedullary, and cortical responses, LEPs give no indication regarding 
the site of the dysfunction along the spinothalamic pathways. In spite of their 
limitations, electrophysiological techniques proved useful to better under-
stand the mechanisms of both pain and current surgical procedures that are 
proposed for its control.
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2.  IS CLINICAL NEUROPHYSIOLOGY USEFUL FOR THE SURGICAL 
TREATMENT OF PAIN?

Since the pioneer work of Wall and Melzack suggesting that pain is caused by 
an unbalance between activities of the dorsal column and the spinothalamic 
pathways, neurosurgical treatment of pain has aimed either at fi ltering pain 
input  transmission by spinal cord or motor cortex electric stimulation or at 
reducing the activity of spinothalamic system mostly at the spinal level, either 
by selective posterior rhizotomy or dorsal root entry zone (DREZ) coagula-
tion. Electrophysiology proved useful for choosing the most appropriate 
procedure in each patient and to better understand the mechanisms by which 
some surgical procedures are effi cient for chronic pain treatment [5].

The recording of SFR and LEPs can be useful to assess the psychogenic 
participation to chronic pain syndromes. SFR permits to measure an “objec-
tive” pain threshold. Unfortunately, application of this technique is restricted 
to pain located in the territory of the upper sacral roots because normal SFR 
thresholds for the upper limb are not available. The contribution of LEPs 
mostly concerns patients with neuropathic pain resulting from a direct injury 
to the nervous system. In this context, LEP attenuation after stimulation 
of the painful territory refl ects the degree of spinothalamic deafferentation 
(Fig. 3). Conversely, LEPs are not attenuated, and can even be enhanced, in 
patients with nonorganic pain syndromes [6].

SEPs are useful to assess the degree of peripheral deafferentation in pa-
tients with pains caused by root avulsion, in particular those with brachial 
plexus injuries. After stimulation of median or ulnar nerves, preservation of 
peripheral responses with absent central responses, in particular the spinal 
segmental response, indicates a root avulsion proximal to the dorsal ganglion 
and predicts a favorable analgesic effect of DREZ coagulation.

SEPs contribute to predict the analgesic effect of spinal cord stimulation 
(SCS), which is based on the assumption that the dorsal column fi bers, sup-
posed to be the main target of the electric stimulation, should retain some 
degree of functional integrity to exert an inhibitory effect on the pain trans-
mission system. Although both SCS and SEPs have been developed 40 years 
ago, it was only quite recently that Sindou et al. [11] have evaluated the 
predictive value of SEP recordings on SCS outcome by reviewing a large 
series of 95 patients treated by SCS, who had benefi ted from preoperative 
SEP recording with measurement of the central conduction time in the spi-
nal somatosensory pathways. The main conclusion of this study was that 
SCS failed in alleviating pain in all patients showing prolonged central con-
duction time or absent SEP central components. Therefore, preoperative 
SEP recordings are recommendable before undertaking SCS in chronic pain 
patients.

The main conclusions issued from electrophysiology regarding the effects 
of neurosurgical procedures upon pain transmission are the following [1, 5]. 
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The SFR is depressed by SCS, pointing to the spinal segmental target of this 
procedure (Fig. 4). Spinal dorsal horn neurons are hyperactive after periph-
eral deafferentation and an optimal pain relief is obtained when the segmental 
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spinal SEPs are reduced by more than 60% after DREZ coagulation. Lastly, 
pain relief obtained by motor cortex stimulation can be reproduced by re-
petitive transcranial magnetic stimulation of the motor cortex, but only when 
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Fig. 4. A, B Occlusion of the SFR by SCS. The SFR obtained in the biceps femoris muscle 
in response to sural nerve stimulation is clearly visible (RIII) before and after, but not during 
SCS. Conversely, the nonnociceptive earlier refl ex responses remain unaffected by the SCS 
procedure. A Voltages of all spinal refl exes. B Voltages of the RIII SFR only (rectifi ed EMG) 
(From Ref. [8] with permission)

Fig. 3. LEPs in four patients with central (A–C) and nonorganic (D) pain syndrome. A 
Patient, 51 years old, with spinal ependymoma, central pain, thermal hypesthesia, hyperal-
gesia to laser. B Patient, 74 years old, with thalamocortical hemorrhage, hemihypesthesia, 
mechanical and thermal allodynia, and allodynia to laser. C Patient, 45 years old, with spinal 
cord angioma, central pain (L2), thermal hypesthesia, and no provoked pain. D Patient, 
43 years old, with no organic lesion, left C6 and T7 pain, no sensory defi cit, and hyperal-
gesia to laser. LEPs to stimulation of the nonpainful side (left traces) were within normal 
limits. After stimulation of the painful side (right traces) only delayed and desynchronized 
LEPs were obtained for patients A and B, and no LEPs were visible in patient C. Conversely, 
LEPs were normal in patient D after stimulation of the painful area. LEP abnormalities refl ect 
the dysfunction of the spinothalamic pathways and can be observed in association with hy-
peralgesic (A) or allodynic (B) reaction to the laser stimulus (From Ref. [9] with permission)
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delivered at a high excitatory frequency, suggesting that the effect of motor 
cortex stimulation is caused by activation, rather than by inhibition, of the 
stimulated area.

INTRAOPERATIVE NEUROMONITORING 
DURING SURGERY

Because any neurosurgical operation entails the risk of postoperative perma-
nent defi cits with medico-legal consequences, intraoperative monitoring based 
on electrophysiological recordings has known a huge expansion during the past 
two decades [1]. This fi eld covers many aspects including (a) EEG using scalp 
or cortical surface electrodes (electrocorticography or ECoG) for monitoring 
the effects of anesthesia, controlled hypotension, cerebral hypoperfusion dur-
ing carotid surgery; (b) EMG in particular for facial nerve monitoring during 
posterior fossa surgery; (c) somatosensory, motor, and auditory evoked poten-
tials during spinal cord and posterior fossa surgery; and (d) cortical stimulation 
during surgery of brain lesions, particularly tumors. In what follows we will 
develop only the monitoring based on evoked potentials in spinal cord and 
cerebello-pontine angle (CPA) surgery and on cortical stimulation in mass le-
sions and epileptic foci surgery.

1. SPINAL CORD MONITORING

Paraplegia is the most feared postoperative complication of scoliosis sur-
gery but also represents a major risk in the surgery of spinal cord compres-
sion and intramedullary lesions. Therefore the monitoring of motor evoked 
po tentials (MEPs), which directly measures pyramidal tract function, has 
supplanted that of SEPs in this indication, even though both recordings 
can be performed in the same patients in the operation theater. MEPs can 
be obtained noninvasively by electric or magnetic transcranial stimulation 
of the motor cortex and recording of the muscle evoked  response at the 
periphery. Similarly, scalp SEPs can be obtained by stimulating a periph-
eral nerve. These noninvasive techniques present the advantage of not 
interfering with the surgical procedure, in contrast to the invasive stimula-
tion and recording methods that have been implemented for both MEP and 
SEP recordings. The objective is clearly to provide the surgeon with an 
alarm at each time a signifi cant change is observed. The diffi culty is to de-
fi ne what is a “signifi cant” change and to avoid false alarms. An amplitude 
reduction of more than 50% as well as a latency increase over 5% are com-
monly used for alarm, on the condition that such changes cannot be at-
tributed to anesthesia, local or general hypothermia, or deterioration of 
hemodynamic condition. As a rule, signals recorded  directly on the spinal 
surface, such as the D-waves elicited by transcranial stimulation of the 
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motor cortex or dorsal column responses elicited by peripheral nerve stim-
ulation, are less sensible to factors not directly related to an injury of the 
motor or sensory pathways than are muscle responses or cortical SEPs. 
Thus, invasive recordings are considered more reliable than noninvasive 
techniques and have improved the long-term motor outcome of intramed-
ullary spinal cord tumors surgery. Furthermore, the reversibility of the 
changes with a return to normal before the end of operation is frequently 
not associated to a postoperative defi cit.

2.  BRAINSTEM AUDITORY EVOKED POTENTIALS IN CEREBELLO-PONTINE 
ANGLE SURGERY

Hearing loss is a potential complication of surgery involving the CPA. It 
can occur owing to drilling, cerebellar retraction, cauterization, compres-
sion, or vascular compromise of the acoustic nerve. Its occurrence is par-
ticularly feared in surgery of trigeminal neuralgia and hemifacial spasm. 
Firstly developed in the early eighties in Erlangen by J. Schramm, in Pittsburgh 
by A. R. Moller and P. J. Jannetta, and in Lyon by C. and G. Fischer and 
M. Sindou, monitoring of brainstem auditory evoked potentials (BAEPs) 
is now applied worldwide to prevent hearing loss during microsurgical de-
compression of trigeminal and facial nerves and surgery of CPA tumors 
including acoustic neuromas. BAEPs are responses to repetitive auditory 
stimulations by clicks generated by the acoustic nerve and auditory path-
ways and relays up to the upper brainstem within the 10 ms after stimulus 
onset. The advantage of this technique over direct recordings on the sur-
face of the acoustic nerve is that the signal is recorded on the scalp so that 
its acquisition does not interfere with the surgical procedure. BAEPs are 
composed of fi ve waves (I to V), of which two are of particular interest for 
monitoring: wave I, which refl ects the activity of the acoustic nerve itself, 
and wave V, which is produced at the lateral lemniscus and inferior collicu-
lus levels. Amplitude decrease and latency increase of Wave V and pro-
longation of the I–V interval are widely considered as the most reliable 
alarm signals. As for spinal cord monitoring the question at stake is to 
determine the degree of changes that entails a high risk of postoperative 
hearing loss. In a recent study of BAEP monitoring during microvascular 
decompression for hemifacial spasm, the Lyon team [10] reported that a 
wave V latency increase of less than 0.4 ms during surgery was never asso-
ciated to postoperative hearing loss, while in the group of patients with 
postoperative hearing loss the mean prolongation of wave V latency was 
1 ms. The authors proposed to deliver to the surgeon a “watching” signal 
when wave V latency increase reaches 0.4 ms and a fi rst “warning”  signal at 
0.6 ms. When the increase reaches 1 ms (critical warning signal), interrup-
tion of the procedure, withdrawal of the retractor, as well as identifi cation 
and correction of the cause of the acoustic nerve dysfunction are recom-
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mended. The permanent loss of wave V also indicates a high risk of hearing 
loss. These warning thresholds have been discussed controversially but the 
impact of BAEP monitoring for patient’s safety is not questioned any more.

3.  CORTICAL STIMULATION IN MASS LESIONS AND EPILEPTIC FOCI 
 SURGERY

Functional mapping of so-called eloquent cortical areas involved in motor, 
sensory, language, and memory functions has become a major issue in resec-
tion of hemispheric mass lesions, in particular low-grade gliomas, and in 
epilepsy surgery. Before operation, functional neuroimaging, principally 
functional MRI (fMRI), provides reliable information regarding the laterali-
zation and location of language areas and is likely to supplant the amobarbital 
intracarotid injection (Wada test) in this indication; similarly, the sensorimo-
tor cortex is correctly mapped by functional MRI. However, rearrangement 
of functional areas at the periphery of slowly evolving tumors and epilepto-
genic lesions and uncertainty regarding the neuronal correlates of changes in 
blood oxygen level-dependent signal in pathologic tissue make fMRI func-
tional mapping less reliable in patients than in healthy subjects. Further-
more, fMRI is not really able to distinguish between areas essential for a 
function, which should be surgically preserved, and those that can be re-
sected without postoperative defi cit. Lastly,  lateralization of memory areas 
by fMRI is not yet fully validated and the Wada test remains the reference 
for assessing separately the implication of each mesial temporal lobe in 
memory before temporal lobectomy or selective amygdalo-hippocampecto-
my. This explains why cortical stimulation, performed either before epilepsy 
surgery with subdural electrode grids or depth intracerebral electrodes or 
during lesion resection, is still widely used for functional mapping. Intraop-
erative electrical stimulation (IES) has seen a true revival in the past ten years 
mostly because it has enabled optimization of low-grade gliomas resection 
[3]. The IES technique was fi rst proposed by Wielder Penfi eld more than 
half a century ago and has not experienced any fundamental evolution in its 
principles since then. The simulating electrode delivers biphasic current 
pulses either as single shocks or as trains at 50–60 Hz frequencies under gen-
eral or local anesthesia. Sensory and cognitive functions can be tested under 
local anesthesia only and most of the IES advances stem from the progres-
sive refi nement of the tasks that are tested under stimulation in the awake 
subject during surgery. The principle is to detect transient disturbances in 
task performances induced by IES. Depending on the supposed function of 
the operated area, language (spontaneous speech,  naming, comprehension, 
and writing, etc.), memory, calculation, and complex visuospatial tasks can 
thus be tested. The basic assumption is that when IES produces a transient 
modifi cation of task performance the stimulated area is essential to the func-
tion and should be preserved. Thus IES has opened the fi eld of “neuro-
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psychology applied to neurosurgery”, the results of which look very prom-
ising. It has permitted to extend the limits of lesion resection in cortical 
areas such as the supplementary motor area, the insula, close to the so-called 
Broca area, and in the supramarginalis gyrus of the hemisphere dominant 
for language.

CONCLUSIONS

In all neurosurgical teams having contributed to the progress of epilepsy and 
pain surgery and to the development of intraoperative monitoring, the neu-
rophysiologist is a full member of the surgical staff playing an active role 
before and during surgery. The neurophysiologist needs to be aware of the 
technical diffi culties of surgery and, reciprocally, the neurosurgeon must be 
confi dent upon the information provided by electrophysiology both in plan-
ning the operation and during the surgical procedure itself. Every time this 
fusion has been achieved, innovative surgical procedures and new concepts 
have been developed to the benefi t of patients.
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NEURONAL TRANSPLANTATION: A REVIEW
J. P. NGUYEN

INTRODUCTION

Numerous experimental studies have shown that embryonic dopaminergic 
neurons transplanted into the striatum of animal models of Parkinson’s dis-
ease are able to grow and induce clinical improvement. The fi rst studies in 
man confi rmed these results, but showed that the clinical result can vary con-
siderably from one patient to another, suggesting that a number of improve-
ments, especially technical, had yet to be made prior to clinical application of 
this experimental procedure. Relatively recent clinical studies, reporting a 
considerable number of cases of postoperative dyskinesia, considered to be a 
specifi c complication of neuronal transplantation, have questioned the very 
principle of this procedure in the treatment of Parkinson’s disease.

The second fi eld of application of neuronal transplantation is the treat-
ment of Huntington’s disease. In this setting, embryonic striatal neurons are 
transplanted into the striatum of patients with Huntington’s disease in order 
to prevent cortical atrophy that is thought to be secondary to the death of 
striatal GABAergic neurons. The fi rst studies in man were also encouraging 
in this disease, but the preliminary results of a controlled trial show a marked 
variability of the results.

This review will discuss the various aspects of the neuronal transplanta-
tion procedure and will try to predict the place of this treatment modality in 
the future.

FUNDAMENTAL ASPECTS

The fi rst attempts at cerebral transplantation date back to 1890 and consisted 
of transplantation of a part of the cortex of an adult animal into the brain of 
an adult animal of another species. Successive failures of this procedure led 
several authors to transplant portions of embryonic cortex that were thought 
to have a better potential for survival and development in the host brain. The 
results reported by Legros-Clark [6] confi rmed that embryonic neurons had 
a much better chance of survival than adult neurons. These same studies 
showed that the blood supply of the transplant was an essential element to 
survival, and that the conditions of blood supply were better for smaller 
transplants. Consequently, since these studies, most experimental work 
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has focused on the transplantation of small fragments of embryonic brain 
and have demonstrated the possibility of survival and development of these 
transplants in an adult host brain.

Over the following years, studies were devoted to clinical applications of 
these techniques. Very rapidly, research scientists became interested in the 
treatment of Parkinson’s disease, as, in this disease, neuronal loss concerns a 
particular group of neurons, dopaminergic neurons, situated in a limited part 
of the brain, the locus niger. Bjorklund [3] was the fi rst to show clinical effects 
in an animal model of Parkinson’s disease after transplantation of embryonic 
dopaminergic neurons in the striatum. In parallel, several studies showed that 
a similar approach could also induce clinical recovery in monkey models of 
Huntington’s disease [12].

TECHNICAL ASPECTS

1. WHAT IS THE IDEAL SITE OF TRANSPLANTATION?

Embryonic neurons are initially undifferentiated and then subsequently mi-
grate within a dedicated structure and differentiate to play a programmed 
functional role. In a subsequent step, these neurons send processes towards 
their target neurons to establish functional circuits.

The dedicated structure for dopaminergic neurons is the locus niger and 
the target neurons are striatal GABAergic neurons. Transplantation of em-
bryonic dopaminergic neurons into the locus niger was associated with a risk 
that they may not be able to send processes to the striatum, or only after a 
very long time. For this reason, most authors preferred to implant the trans-
plant directly in the striatum, as close as possible to the target neurons. As the 
objective was to improve the motor disorders of Parkinsonian patients, the 
site of transplantation was selected in the sensorimotor part of the striatum, 
i.e. mainly the dorsolateral and post-commissural part (posterior to the ante-
rior commissure of the third ventricle) of the putamen, as the other zones of 
the putamen are devoted to associative and cognitive functions. No study has 
been able to demonstrate the potential harmful effects when the transplant 
overlaps onto these zones. The dorsolateral portion of the putamen is clearly 
visualized on MRI and is easy to reach by almost vertical trajectories de-
scending from the coronal region. The inferior part of the putamen can also 
be clearly visualized and must be avoided not only because of the potential 
risks of cognitive disorders but also because this zone has a particularly rich 
blood supply (perforating arteries) [13].

In Huntington’s disease, the objective is to palliate the loss of GABAergic 
neurons in the striatum. Embryonic neurons can be easily transplanted di-
rectly into the striatum. As the objective is to prevent cortical atrophy and the 
resulting dementia, the transplant must include the sites involved in cognitive 
functions, especially the head of the caudate nucleus.
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2. WHAT IS THE OPTIMAL STAGE TO HARVEST EMBRYONIC NEURONS?

In order to be sure to harvest dopaminergic neurons, it is important to wait until 
embryonic neurons have migrated to the locus niger. In man, this stage corre-
sponds to 6 weeks (post-conception) of embryonic development. The technique 
mainly consists of identifying and harvesting the ventral mesencephalic region 
of the embryo. As this region is identifi ed by means of anatomical landmarks, 
the embryo must not have been submitted to excessive deformation during ex-
traction. To avoid trauma to embryonic neurons during harvesting, neurons 
must be harvested before they have developed their processes due to the risk 
of retrograde degeneration. In man, this means that embryonic neuron har-
vesting must be performed before the tenth week. For clinical applications in 
 Parkinson’s disease, most authors have defi ned the optimal period for embry-
onic neuron harvesting between the 7th and 9th weeks post-conception [7]. 
These dates are the same for applications to the treatment of Huntington’s dis-
ease, but the site of embryonic neuron harvesting is different in this application, 
as neurons are harvested from the lateral ganglionic eminence.

3.  WHAT IS THE RISK OF IMMUNE REACTION LEADING TO TRANSPLANT 
REJECTION?

The brain is an immunologically protected site. Any tissue, derived from the 
same species or a different species, can develop in the brain without inducing a 
rejection reaction, provided the blood-brain barrier remains intact. In practice, 
even when using very fi ne instruments, rupture of the blood-brain  barrier 
 always occurs during introduction of neurons into the host brain. Further-
more, the use of very small calibre cannulae may cause transplant compression 
and necrosis. Experimental studies have suggested that the best compromise in 
man is to use cannulae with an inner diameter of about 0.5 mm [7]. Other 
 experimental studies have shown that the endothelium of vessels situated in 
tissues surrounding neurons is one of the structures responsible for immune 
reactions leading to rejection. The Lund group consequently proposed to re-
duce the transplant to a neuronal suspension in order to eliminate the tissues 
surrounding embryonic neurons, especially blood vessels. This preparation re-
quires the use of DNase and trypsin. Even despite these measures, there is still 
a risk of immune reaction and it has been recommended to systematically use 
immunosuppressive therapy similar to that used for organ transplantation [7].

4.  WHAT IS THE OPTIMAL QUANTITY OF EMBRYONIC NEURONS 
TO BE TRANSPLANTED?

Animal experimentations are of limited value to predict the optimal quantity 
of neurons to be transplanted in order to achieve a functional effect in man. 
This fundamental approach was therefore based on clinical studies. The 
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New York group [11] has reported 2 cases of bilaterally transplanted patients 
with marked clinical improvement, who died several months after transplan-
tation from causes unrelated to the transplantation procedure. Post-mortem 
ex amination of these 2 patients revealed that between 80,000 and 135,000 
dopaminergic neurons had survived on each side. These neurons had estab-
lished  connections with neurons of the host putamen, ensuring re-innerva-
tion of 24–78% of the putamen. Based on the estimation of the percentage of 
neurons surviving after transplantation (10–20%) and the proportion of 
dopaminergic neurons contained in the transplant, the number of embryos 
necessary for transplantation of a striatum has been estimated to be 3 for each 
side [7].

Estimation of the number of surviving neurons must take into account 
various factors such as the interval between tissue harvesting and transplanta-
tion and the mode of storage of embryonic tissues, although experimental 
studies have not demonstrated any signifi cant difference according to the 
mode of storage.

5. HOW SHOULD TRANSPLANTS BE IMPLANTED?

Experimental studies have shown that the best survival rate of transplanted 
neurons is obtained by injection of small quantities of embryonic neurons 
(neuronal suspension) regularly distributed throughout the structure to be 
transplanted. In practice, it is recommended not to exceed a volume of 5 μl 
in each injection site, and each site must be separated from the adjacent site 
by an interval of at least 1 mm. For re-innervation of the sensorimotor stria-
tum (Parkinson’s disease and Huntington’s disease), distribution of the 
transplant over 24 sites (8 sites along 3 trajectories) appears to be suffi cient 
(total of 120 μl). Preparation of the neuronal suspension comprises mechan-
ical fragmentation, reducing the tissue sample into very small fragments. 
Neurons are then dissociated by means of DNase and trypsin. Ideally, the 
suspension should be injected within 6 hours, which requires good coordi-
nation between the various teams (neurobiologists and neuro surgeons). The 
neuronal suspension transplantation technique has the theoretical advan-
tage of minimizing immune reactions by excluding from the transplant 
blood vessels present in the supporting tissues, as some studies have sug-
gested that vascular endothelium could play an important role in rejection 
reactions [7].

Other teams, on the contrary, have recommended the injection of small 
fragments of tissue rather that a cellular suspension. This technique has the 
advantage of being technically simpler. Studies by the New York group [11] 
have suggested that this technique allows the development and integration of 
a suffi cient quantity of dopaminergic neurons to induce functional improve-
ment. As this technique is likely to induce a higher rate of immune reactions 
than the neuronal suspension technique, immunosuppressive therapy would 
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theoretically need to be continued indefi nitely. The Denver group [4] injects 
the transplant, composed of small fragments of tissue, along horizontal tra-
jectories, without intervals between injection sites. The potential risk of this 
technique is that the transplant may induce a local mass effect, predisposing 
to necrosis of the transplant. Another risk is that of accidentally implanting 
the transplant into the inferior part of the putamen.

CLINICAL ASPECTS

1. PARKINSON’S DISEASE

1.1 Early studies

Backlund [2], in 1985, was the fi rst to attempt cerebral transplantation in a 
patient with Parkinson’s disease. For ethical reasons, this author did not use 
embryonic neurons and preferred to transplant chromaffi n cells of the adre-
nal medulla that are able to secrete dopamine precursors in the striatum (cau-
date nucleus). Although the feasibility of stereotactic tissue transplantation 
was demonstrated, the functional benefi t was only minimal and transient.

Based on the same principle, Madrazo [9] transplanted several patients by 
open surgery (intraventricular approach) without any lasting success, and at 
the price of major local and systemic complications.

The Lund group [7], by grafting embryonic dopaminergic neurons into 
the striatum, was the fi rst to demonstrate defi nite clinical effects, at least in 
one patient who maintained a spectacular long-term improvement. This 
group had previously optimized the transplantation technique in the course 
of several experimental studies: injection of a neuronal suspension through a 
0.5 mm diameter cannula, along stereotactic trajectories and in sites separated 
by 1 mm intervals. This technique was subsequently used by the Créteil [14] 
and Halifax [10] groups.

1.2 Recent studies

Experience of the Lund and Créteil groups. In 1998 [8], the pioneer group in 
Lund published the results of 6 patients operated between 1989 and 1994 
(follow-up ranging from 10 to 72 months). Patients were operated only on 
one side (injection of a neuronal suspension in the post-commissural puta-
men). A marked improvement was observed in 4 patients. A bilateral im-
provement of rigidity and hypokinesia was observed, predominantly on the 
side opposite to the transplant. Transplantation did not modify the severity of 
dyskinesia. FluoroDopa uptake on PET scan increased by average of 68% 
and was observed only on the transplanted side. Immunosuppressive therapy 
was stopped at an average of 29 months after transplantation, without induc-
ing any clinical deterioration of the UPDRS score. In contrast, most patients 
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 subsequently developed a relatively moderate recrudescence of dyskinesia, 
especially in OFF periods. The Créteil group started to develop the same ap-
proach in 1990 [14], but patients were systematically operated on both sides 
(15 cases). The results confi rmed those reported by the Lund team, especially 
in terms of dyskinesia which was not improved in the long-term. Similarly, 
the Créteil group revealed a marked variability of the clinical results, even 
when patients had received an identical quantity of embryonic neurons.

Experience of the Denver group [4]. Transplantation was performed from 
4 embryos for each side in the form of tissue fragments deposited in the puta-
men along 4 horizontal trajectories. Embryonic tissues were cultured after 
harvesting and implantation was always delayed, sometimes 1 month after 
harvesting. No patient received immunosuppressive therapy. Patients were 
randomized to 2 groups: (1) bilateral transplantation, (2) medical treatment 
only (identical operation without transplantation). Clinical assessment was 
performed under double-blind conditions. A signifi cant improvement of mo-
tor symptoms was observed in patients under the age of 60 (transplantation 
versus no transplantation), while older patients were only slightly improved, 
and not statistically signifi cantly. No difference was observed in the non-
transplanted group. In 15% of patients improved by neuronal trans plantation, 
severe dyskinesia occurred or was worsened despite reduction of dopathera-
py (dyskinesia in OFF period).

Experience of the New York group [11]. In a preliminary study, this group 
performed bilateral transplantation in 6 patients. Transplantation was per-
formed using small fragments of tissue and immunosuppression was main-
tained for 6 months. Transplants were deposited along vertical trajectories 
 targeting the post-commissural putamen and each injection site was separated 
by an interval of about 5 mm. Implantation was performed 1–2 days after har-
vesting. All patients were markedly improved, but medical treatment could not 
be decreased. Dyskinesia was improved in this fi rst series of patients. This 
group has reported 2 autopsy cases which demonstrated that transplanted neu-
rons survived and established connections with target neurons of the putamen. 
However, the presence of several macrophage infi ltrates around the transplant 
suggested the possibility of very progressive rejection. A second study was 
 performed by this group according to a protocol similar to that used by the 
Denver group. One to 4 embryos were used for each side and transplantation 
was performed bilaterally according to the procedure used during the fi rst 
study. Patients receiving transplants from 4 embryos on each side were im-
proved compared to non-transplanted patients (or transplanted from only one 
embryo on each side), but the difference has not statistically signifi cant. In 56% 
of transplanted patients (whether or not they were improved clinically), severe, 
persistent dyskinesia appeared during OFF periods. The absence of any sig-
nifi cant clinical improvement and the presence of complications considered to 
be transplant-related led the authors to conclude that this procedure could not 
be recommended for the treatment of Parkinson’s disease.
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Experience of the Halifax group [10]. This group has recently reported the 
results of an autopsy study performed in 2 patients in whom transplantation 
induced a marked clinical improvement. Like the transplantations performed 
in Lund and Créteil, this team performed intrastriatal injection of a neuronal 
suspension associated with immunosuppression. The authors observed much 
better integration of the transplanted neurons compared to the autopsy re-
sults reported by the Denver team. These neurons developed processes ex-
tending much further into the host striatum than in the Denver study. In the 
Halifax study, there were also virtually no areas of gliosis, suggesting a mini-
mal immune reaction likely to lead to transplant rejection. This is an impor-
tant fi nding, as it contradicts the negative results reported by the Denver team 
which could be related to an inappropriate transplantation procedure, leading 
to partial rejection after stopping immunosuppression.

2. HUNTINGTON’S DISEASE

The Créteil group has conducted a fi rst pilot study on 5 patients using an 
embryonic neuronal transplant taken from the median eminence and im-
planted into the head of the caudate nucleus and the putamen [1]. The major 
difference compared to neuronal transplantation in Parkinson’s disease is that 
patients with Huntington’s disease present atrophy of the striatum, limiting 
the number of trajectories and the quantity of neurons that can be trans-
planted. Transplants were performed using small fragments of tissue. The as-
sessment at 2 years showed that 3 patients obtained cognitive and motor 
 improvement and that this improvement was correlated with increased meta-
bolic activity in the transplanted striatum. However, another assessment at 6 
years showed that the clinical condition of these patients had deteriorated 
with no alteration of the metabolic activity in the transplanted striatum. These 
results are similar to those recently published by Keene [5], who reported the 
fi ndings of an autopsy study in 2 patients transplanted 74 and 79 months 
previously, in whom no apparent clinical improvement was demonstrated. 
The autopsy study revealed a signifi cant quantity of surviving neurons, but 
relatively few connections with surrounding host neurons, suggesting that 
the transplant was not really integrated. In this report, transplants had also 
been performed with small tissue fragments.

CONCLUSIONS

Overall, clinical and autopsy data suggest that the transplantation technique 
is an important element in the success of the procedure. Transplantation using 
small fragments of tissue can be followed by survival of a large number of 
neurons within the transplanted structure, but the transplant does not be-
come truly integrated. Transplanted neurons develop processes, but they are 
relatively short and do not appear to connect physically and functionally with 
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host neurons. The presence of areas of gliosis around the transplant also sug-
gests the existence of immune reactions which could lead to progressive 
transplant rejection. Rejection phenomena appear to be much less severe 
when transplantation consists of a neuronal suspension and groups using this 
technique report better and more lasting clinical results than those using small 
tissue fragments.

Regardless of the transplantation technique used, prolonged immunosup-
pression appears to be essential, which adds the specifi c problems related to 
this treatment. A large number of donors also appears to be necessary to en-
sure the survival of a suffi cient number of neurons, especially in the context 
of Parkinson’s disease. In Huntington’s disease, the limiting factor is atrophy 
of the target structure.

These main fi ndings indicate that neuronal transplantation raises too many 
problems to be used as a treatment for Parkinson’s disease or Huntington’s 
disease, except in the context of research. The use of stem cells in the near 
future will probably modify this cell therapy approach.
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PERIPHERAL NERVES



MANAGEMENT OF NERVE INJURIES 
(WITH EMPHASIS ON NERVE ACTION 

POTENTIAL (NAP) RECORDINGS*)
D. G. KLINE

INTRODUCTION

There are three relatively large categories of peripheral neuropathies that may 
be helped by the neurosurgeon with operative experience with nerves. These 
are nerve injuries, entrapments, and tumors. A number of good texts address 
these entities. Of course, there are also less frequent occasions where the neu-
rosurgeon is involved in working up and managing a medical neuropathy 
[6, 7, 45]. This is usually done by nerve and/or muscle biopsy and under ex-
ceptional circumstances, operative exploration for suspected but not proven 
neural pathology.

This chapter will concentrate on severe nerve injuries and especially the 
most frequent and diffi cult to manage, the lesion in continuity. Extra empha-
sis will be given to operative recordings of nerve action potentials (NAPs).

RATIONALE

The majority of serious injuries affecting nerve leave it in continuity. Some 
lesions recover enough function in the early months after injury to make 
 operative intervention unnecessary; some do not, and then the operative 
 decision whether to resect the lesion or not can be diffi cult. Inspection and 
palpation can be misleading. Simple stimulation may provide contraction in 
muscles with relatively early innervation distal to the lesion.

However, with serious injuries involving major nerves, stimulation cannot 
be expected to do so for many, many months. Furthermore, an occasional 
lesion with an injury site that has primarily poor regenerative potential will 
permit a few hundred axons to reach distal muscle site and thus muscle will 
have some response to stimulation. By comparison, an adequately regenerat-
ing nerve will have thousands of axons extending through the injury site and 
into the distal stump by 2 to 3 months post injury, and yet will not have 
enough distal muscular input to reverse dennervational changes as seen by 

Keywords: peripheral nerves, peripheral nerve traumas, transections, neuro-
mas, nerve action potentials (NAPs)
 * From LSUHSC Neurosurgery 2020 Gravier Street, N.O. La. 70112
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EMG or for the nerve to respond to simple stimulation. Where injury in-
volves an element of stretch even fi nding fascicular continuity by internal 
neurolysis can be misleading because intrafascicular injury can be neuro-
temetic rather than axonotemetic.

Thus, nerve action potential or NAP recording becomes important in the 
timely and relatively early evaluation of lesions in continuity. The need to  
differentiate NAPs from muscle action potentials (MUAPs) and pre from 
post ganglionic responses in plexus lesions as well as proper electrode posi-
tioning has been stressed in this chapter as well as the practical neurophysiol-
ogy involved.

DECISION-MAKING

1. NERVE INJURIES AND TRANSECTIONS

There are two major categories of mechanical nerve injury. The smallest cat-
egory and yet the one most often presumed by many physicians caring for 
nerve lesions to be the cause of loss is transection or partial laceration of the 
nerve or plexus element. Such injuries represent only approximately 30% of 
all serious nerve injuries but nonetheless are an important category to con-
sider. There are two categories of lacerations and transections – sharp and dull 
or blunt and thus contusive. This is far from just a mechanistic stratifi cation 
because these two categories have a different management algorithm.

1.1 Sharp transection or laceration

This is usually due to knife, glass, or from a sharp metal edge. The forces 
necessary to divide nerve are minimal and thus, damage to the stumps is min-
imal. As a result, these are excellent cases for relatively acute nerve repair i.e. 
within the fi rst 72 hours post injury [15, 23]. This approach offers many ad-
vantages because the nerve can be repaired with the expectation of a reason-
able result and can be done at the same time as repair of associated injuries to 
adjacent structures such as vessels and tendons [1, 20]. Such early repair when 
possible has the best outcomes even for the brachial plexus (see Table 1). If 
not done relatively acute, the stumps retract and the need for grafts to bridge 
the gap increase and outcomes with them although possible are not as good as 
with end-to-end repair.

1.2 Blunt transection

This type of injury is due to fan and propeller blades, auto metal, and other 
blunt objects. The blunt injury is best managed secondarily after a delay of 
several weeks [34, 43]. This is because the forces of transection are large and 
blunt, and there is a degree of proximal and distal stump injury which is un-
predictable acutely. After the elapse of several weeks, the extent of damage 
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can be operatively both palpated and visualized permitting resection back to 
healthy tissue and thus the chance of coapting good to good rather than bad 
to bad. If blunt transection is encountered acutely it is best to tack the stumps 
down with non-resorbable suture to adjacent fascial planes. This step main-
tains length so that later end-to-end repair after resection to healthy tissue 
rather than graft repair can be done.

Despite a penetrating mechanism, nerves can be displaced, contused, 
stretched or sometimes partially divided leading to neuromas or lesions in 
 continuity (Table 1). These are best operated upon and evaluated if surgery is 
necessary at 2 to 3 months when operative nerve action potential (NAP) re-
cordings can be used to guide decisions about resection and repair, partial resec-
tion and split repair, or simple neurolysis where the nerve is cleared 360o around 
over a length and freed up from surrounding scar or other injured tissues.

2. OTHER INDICATIONS FOR ACUTE OPERATION

There are some other relatively urgent indications for operating on nerve(s) 
acutely. The most easily understood is a blood clot, where acute compression 
of the nerve unless ameliorated can lead to either long standing or non-revers-
ible neuropathy [1, 23]. For example, not all pelvic clots associated with 
anticoagulants let alone those associated with trauma resolve enough sponta-
neously to permit recovery of femoral nerve function. Even less certain with-
out surgical intervention are subpectoral, axillary, popliteal and subgluteal 
clots where acute surgical intervention is often necessary.

Another relatively acute indication for surgery is a pseudoaneurysm or A-V 
fi stula usually due to a penetrating wound and affecting axillary or popliteal 
artery [1, 20, 32, 41]. The pseudoaneurysm or fi stula needs resection and a neu-
rolysis of the affected plexus cord and plexal elements or tibial nerve done.

Table 1. Surgical outcome in brachial plexus lacerationsa

 Elements in 
continuity

Sharp 
transection

Blunt
transection

Totals 

Plexus cases 20 28 23 71
Plexus elements 57 83 61 201
Neurolysis (+NAPs) 24/26  0/0  0/0  24/26 (92%)
Primary suture  0/0 25/31  0/0  25/31 (81%)
Secondary suture  7/9  8/12  3/5  18/26 (70%)
Secondary graft 17/22 21/40 25/56  63/118 (58%)
Total elements 48/57 54/83 28/61 130/201 (65%)

Results are given as number of elements recovering to grade 3 or better (LSUHSC system)
Primary = repair within 72 hours of injury; secondary = delayed repair, usually after several 
weeks
aN = 71
a = Number of patients
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Sometimes nerve in an extremity is badly swollen by trauma and needs 
exposure and neurolysis acutely especially if it is near a potential area of tight-
ness or entrapment such as ulnar nerve at elbow, median at wrist, and pero-
neal behind the surgical neck of the fi bula [29]. Of course, in many of these 
cases fasciotomies will be necessary but under some circumstances neurolysis 
of the nerves will also be needed [40, 42]. A good example of this is  Volkman’s 
ischemic contracture due usually to distal humeral fracture and oftentimes 
elbow dislocation and brachial artery compromise [48]. Here in addition to 
volar and dorsal forearm fasciotomies it may also be advisable to expose the 
median, radial, and sometimes even the ulnar nerve.

3. LESIONS OR NEUROMAS IN CONTINUITY

This, the largest and most diffi cult to manage category of injury, requires 
special attention. Mechanisms are usually blunt and associated with contu-
sion and stretch involving nerve or plexus elements [48, 55]. Classic but by no 
means exclusive settings include fractures and gunshot wounds involving 
limb, neck, shoulder, or pelvis [20, 30, 31, 38]. A very large category which 
can be associated with or without fracture(s) is stretch-contusion to the  plexus 
with or without avulsion of nerve roots [19, 35]. As seen under the transec-
tion-laceration category, occasionally, these mechanisms can also lead to 
 either partial or complete division of the elements, More often than not 
though, lesions in continuity of the plexus result from stretch/contusion ei-
ther at a supraclavicular or infraclavicular level.

A careful clinical examination with grading of all muscles and then sensa-
tion especially that of the hand or foot is an important fi rst step [24, 28, 33]. 
Radiologic studies especially MRI scans and myelography may be very im-
portant in some workups [8]. An early EMG study may be indicated if the 
clinician suspects prior injury, entrapment or disease [18, 47]. Early conduc-
tion studies centered on some sites more commonly involved by a potential 
neurapraxic injury may also be useful [18, 44]. Usually with more serious 
injuries, the initial EMG study is done at 3 weeks or so post injury because 
the Wallerian degenerative process takes time to occur [47]. For most sus-
pected lesions in continuity, a 3 month or so period of repetitive clinical and 
EMG studies before surgery is needed since some patients will have evidence 
in this period of early clinical or electrical recovery and thus be spared 
operation [2, 12]. When such does not occur, then operative exploration, ex-
ternal neurolysis of the involved elements, operative stimulation as well as 
NAP recordings, and based on that information, resection or not of the lesion 
in continuity is indicated [16, 38].

The presence of a compound nerve action potential or NAP indicates vi-
able axons. At the recording site in primates, a NAP seems to require at least 
4,000 moderate or larger-sized fi bers with some degree of myelination [22, 
26]. When this requirement is met in vivo, direct recording does not require 
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excessive amplifi cation or summation. Recording an NAP distal to an injury 
site correlates with a satisfactory clinical outcome due to spontaneous regen-
eration [27]. Resection and repair of such a lesion would usually give a less 
satisfactory outcome. By comparison though, resection of a non-conducting 
lesion is necessary since spontaneous and useful recovery will be poor or 
non-existent without repair [14, 25].

TECHNIQUES

1. ELECTRODES USED FOR NAP STIMULATION AND RECORDING

Electrodes are made of either a noble metal such as platinum or medical grade 
stainless steel in order to minimize electrolysis associated with metal in con-
tact with the nerve during stimulation [13]. Eighteen-gauge wire is bent like a 
shepherd’s crook on one end so that nerve can be suspended in the crook and 
gently lifted away from other tissues (Fig. 1). The other ends of the wires are 
placed through the center of a drilled out Delrin or Tefl on rod and soldered 
to leads for attachment to instrumentation used for stimulating and recording 
[14]. The drilled out center of the rod is then sealed with a surgical epoxy 

Fig. 1. Artists’ depiction of NAP recording from segment of nerve proximal to lesion in 
continuity. A three pronged stimulating(s) electrode is to the left and a 2 pronged recording 
electrode to the right. From [20]
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 cement. When materials are carefully selected, the electrodes can withstand 
autoclaving, gas sterilization and water absorption.

The ends of the two active electrodes used for stimulation are separated by 
at least 3 mm. Electrode tips are separated by a long distance of 5 to 7 mm for 
stimulation of big nerves such as sciatic or some brachial plexus elements 
since a larger volume of tissue is involved. If electrode tips are spaced too 
closely, not all fi bers will be stimulated. Stimulation of a nerve both in conti-
nuity and in situ differs from the classic physiologic recording in vitro with 
one or both nerve ends killed. As a result, some small but important altera-
tions in electrode confi guration are necessary.

If two stimulating electrode tips are used, there is not only a current gener-
ated in the gap between the two but also fl owing away from the electrodes 
through nerve as well as through other body tissues and back again to nerve 
[11, 13]. This shock is almost instantaneous but still tends to give a large stim-
ulus artifact. When stimulating and recording montages are relatively close, as 
they have to be in some clinical situations, the “after-slope” of this stimulus 
artifact can obscure the evoked NAP. One way to minimize this is to use three 
tips for the stimulating electrode [13, 49]. The outermost two tips are a com-
mon anode and are connected one to the other while the middle tip is the 
cathode. Application of a potential difference between the outermost and in-
nermost active electrodes still produces two currents but neither involves the 
whole nerve, and thus the stimulus artifact is reduced. The tripolar stimulation 
electrode also limits the spread of the stimulation current along a longitudinal 
course in the nerve, making for a more precise and somewhat isolated site of 
stimulation. Generally, the fi delity of recordings from larger nerves will be 
optimal if larger caliber electrodes are used and better for smaller if fi ner cali-
ber electrodes are used [14].

Recording electrode confi guration is also important. The electrodes are bi-
polar and each wire or tip records from an active and the other from a rela-
tively inactive portion of the nerve. The bipolar electrodes recording tips 
should be separated by as much as a centimeter for relatively large nerves such 
as the sciatic, femoral or proximal median. If these two recordings tips are too 
close together on the nerve, amplitude of the evoked NAP can be reduced, or 
the NAP can be eliminated altogether. When the distance between stimulating 
and recording electrode montages is larger, there is also a need to separate the 
two recordings electrode tips by a greater distance than when recordings are 
made over a short distance. There is a larger length of active nerve due to 
greater temporal dispersion in conduction when recordings are made over a 
longer distance [5]. The time of arrival of responses at the recording site is thus 
quite variable. This temporal dispersion is due to differences in conduction 
velocities amongst different-sized myelinated axons.

Distance between stimulating and recording electrode sets is also impor-
tant. If they are too close, the stimulus artifact will still be extensive despite 
use of a tripolar stimulating electrode.
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Fine EEG needles can also be placed in nerve to both stimulate and record 
NAPs [16]. When done carefully, this is not damaging even to intact nerve. 
Needle recordings are especially useful when the surgical exposure of nerve is 
limited or at a deep level. Usually, two needles are placed in the nerve or ele-
ment to be evaluated several mm apart for stimulation proximally, and then 
two needles are separated by several mm more distally.

Lead-in and out wires from the stimulating and recording electrodes 
should be separated by several inches if possible, otherwise capacitance be-
tween the wires can further increase stimulus artifact and also produce other 
electrical noise [51] (Table 2). Shielding is usually used for lead-in and 
lead-out wires since isolation needs to be maximized. Electrode-to-wire 
connections and integrity of the wire can be readily checked by use of an 
ampmeter [52].

Grounding can be provided by attaching the lead-out from a bovie pad 
affi xed to the patient’s skin to the grounding portion of the recording ma-
chine. The electrosurgical unit is turned off to provide safe grounding and to 
reduce unwanted electrical noise. Operating room equipment which is either 
battery-operated or motor-driven, such as body and fl uid warmers, TCD ma-
chines and fl uorescent lights should be turned off. Or better yet, equipment 
should be disconnected by having their plugs removed from nearby wall 
sockets. This reduces the possibility of 60 cycle interference. A single wave 
isolated from a 60 cycle recording may be misinterpreted as a positive NAP 
by an inexperienced observer.

2. STIMULATING AND RECORDING EQUIPMENT

Most electromyographic (EMG) machines manufactured within the last 20 
years or so will have the necessary built-in stimulating and recording param-
eters for satisfactory NAP recording [13, 14]. In recent years we have found 
it convenient to use the TECA, model TD 20 which is self-contained and 
provides some degree of fl exibility [27] (Fig. 2). We also have access to a l arger 

Table 2. Initial steps for NAP recording

 Check electrodes and recording equipment preoperatively.

  Adequate 360o exposure of the lesion and distal nerve and if possible proximal 
segment.

  Unplug potential sources of 60 cycle interference such as warming blanket, IV fl uid 
warmer, bovie, fl uorescent light box for X-rays. Sometimes a ground wire is led 
from the bovie pad to the recording machine.

  Irrigate the wound with warm saline.
  Separate stimulating and recording electrodes by 3 to 4 cm.
  Separate as much as possible the lead out wires to the recording machine.
  Record a proximal strip NAP. An adjacent, less involved element or nerve can be 
tested to check equipment when a proximal nerve segment is not available.
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Nicolet Spirit Machine which can be programmed for a variety of operative 
electrophysiological studies. My colleague, Robert L. Tiel uses a very com-
pact machine, a XLTEK Neuromax C1004 for his NAP recordings [49]. One 
can also construct a system using a Grass model stimulator (S-44) with a stim-
ulus isolation unit (SIU-6) to provide stimulation [28]. Recordings can be 
done using an oscilloscope with a differential amplifi er as is available for the 
Tektronix 7000 series. A trigger wire can be led from the stimulator to the 
oscilloscope so that a trace will be prompted with each stimulus delivered to 
the stimulating electrode(s).

Whether a compact EMG machine such as the TECA TD20 or a larger 
system is used, attention must be paid to both the high and low-frequency 
fi lters. The low-frequency fi lter setting is usually placed in the 5 to 10 Hz 
range or lower and the high-frequency setting at 2500 Hz or higher. These 
settings tend to decrease stimulus artifact and noise without fi ltering out the 
evoked NAP response. If over fi ltered, the stimulus artifact will be greater 
and the amplitude as well as the integral of the NAP less. If a 60 Hz notch 
fi lter is built into the recording instrument, it is usually better not to use it for 
NAP recording. The fi lter device itself can generate a wave resembling a NAP 
[14].

3. TECHNIQUE FOR STIMULATING AND RECORDING NAPS

Short-duration stimuli are used to both decrease stimulus artifact and to de-
crease stimulation of fi ne fi bers which may or may not mature with further 
time and lead to useful function (Table 3). Typical settings range between 0.05 
to 0.1 ms in duration. This requires increased voltage for adequate stimulation. 

Fig. 2. EMG machine in this case a TECA TD 20 used for stimulation and recording. Stimu-
lating electrodes are led out of the stimulating portion of the instrument (bottom right) and 
recording electrodes to differential amplifi er plug ins to the far right. Tracing, propped, on 
top of the instrument is of a nerve action potential recorded just distal to the site of a stretch 
injury involving an axillary nerve. From [20]
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While healthy nerves may require voltages between 3 and 15 V, regenerating 
nerve may need 100 V or more. Frequency of stimulation should be kept at 3 
per second or less to prevent damage to nerve with these short duration, high 
voltage stimuli. NAPs are recorded with the oscilloscope set between 50 μV 
and 5 mV per division on the oscilloscope face (Table 4). The time base is set at 
0.5 to 2 m per division. We usually begin by recording the NAP by stimulating 
and recording the NAP proximal to the injury site. If electrodes as well as 
stimulating and recording equipment are working and 3 to 4 or more centime-
ters of nerve can be exposed proximal to the lesion in continuity, a NAP re-
sponse should be recorded [22] (see Fig. 1). Alternatively, NAPs are recorded 
from an adjacent, healthy nerve or plexus element [4]. These steps ensure that 
the entire system is functioning properly. If the recordings are suboptimal, all 
equipment is checked in a systematic way before any attempt is made to record 
from the injured nerve. Recording electrodes are then moved onto the lesion 
site and beyond to see if a NAP can be recorded and, if so, how far distal to the 

Table 3. Recording the NAP

  Turn on the trace and turn on the stimulus and make sure the stimulus artifact is 
seen at the beginning of the trace. Stimulus site plug-in can be interchanged to 
provide an upright stimulus artifact.

  Keeping the stimulus duration short 0.05 to 0.1 ms, gradually increase the voltage 
intensity until a NAP is evoked. Can interchange the recording plug-ins to make the 
NAP upright.

  Gradually increase amplifi cation. Try different low and high frequency fi lters to 
optimize the evoked NAP

  Once a proximal segment NAP is recorded, move the more distal recording 
electrodes onto the injury site and then to distal nerve to see if a NAP is 
 maintained. See how far distally the response is recorded.

  Amplifi cation settings may have to be increased further and/or fi lters further 
adjusted.

  Observe muscles distal to the stimulation site(s) for contraction.
  For supraclavicular plexus stretch injuries, stimulation as well as recording has to 
sometimes be done distal to the lesion site.

Table 4. Usual instrument settings

Stimulus Settings

Duration 0.05 to 0.1 msec
Intensity 10 to 200 V
Frequency 2 to 3 per second

Recording Settings

Amplifi cation 50 μV to 5 mV per division
Time frame 0.5 to 2.0 m per division
Frequency fi lters 1 to 3 Hz

For high frequency a fi lter of 2500 Hz or higher
For low frequency a fi lter of 5 to 10 Hz or lower
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injury site (Fig. 3). If a proximal segment of the injured nerve is not available for 
a baseline recording, then an adjacent uninvolved nerve may be used to check 
the electrodes and the stimulation and recording settings. These settings can 
then be used as a starting point to stimulate and record from the injured nerve. 
Intensity of stimulation and, if need be, duration can be increased as well as 
amplifi cation used for recording. There are cases, particularly when severe 
plexus stretch injuries are studied intraoperatively where one cannot stimulate 
from nerve proximal to injury site or even from other uninvolved or less in-
volved nerves [19, 25]. One must then be content with stimulating at the lesion 
site or even distal to it and recording below or distally.

Response of distal muscle to stimulation of nerve proximal to a lesion is 
also noted since contraction usually indicates good regeneration not only 
through the lesion but to that muscle [3, 38]. Since the limb must therefore be  
available for inspection and palpation throughout the operation, appropriate 

Fig. 3. A NAP was transmitted through a lesion and recorded just distal to the neuroma 
leading to a neurolysis. Lower Figure shows section of epineurial scar (From [21])
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draping at the start of the operation is essential. In general, however in the 
early months post injury, such obvious evidence of sparing or recovery will 
usually not be present unless the lesion was partial to begin with.

The objective in operative recording is to measure an NAP distal to the 
lesion. In the initial 9 months after injury, the NAPs amplitude and conduc-
tion velocity are not as important as the simple presence or absence of a re-
sponse [25, 34, 46]. Presence of an NAP indicates axons of suffi cient number, 
caliber, and maturation to presage useful recovery of function for at least a 
portion of the injured cross section of nerve. Absence of an NAP indicates 
that recovery will not occur without resection and repair (Fig. 4). An NAP 
recorded a year or more after injury across a lesion in continuity with severe 
clinical loss should have moderately good amplitude and conduction greater 
than 30 m/s.

In some cases, an NAP is present but visual inspection of the conducting 
segment suggests that one portion of the lesion’s cross section is more se-
verely involved than another (Fig. 5). Then, the lesion can be split into groups 
of fascicles, and these facicles conduct and others do not [50, 52, 54]. This 
leads to a split repair, in which a portion of the nerve is repaired by direct 
suture or graft and a portion by neurolysis alone.

As stimulation and recording begin, the stimulus intensity (voltage) is 
gradually increased, and the amplifi cation for recording is also increased until 
an NAP is seen (Table 3). Different fi lter settings can also be tried. The stimu-
lating electrodes are usually placed proximally since that stimulation site en-
sures  activation of a maximal number of fi bers [24, 27, 33]. If a stimulus site 
proximal to an injured but regenerating nerve is accessible, more normal fi -
bers can be stimulated proximally than distally. This decreases the need for a 
high-intensity stimulus and, as a result, decreases the stimulus artifact record-

Fig. 4. A NAP did not transmit through this neuroma so it was resected (see dotted lines)  
(From [21])
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ed distally. Stimulating and recording electrode tips are used to lift and hold 
the nerve away from other tissue.

More distal evoked muscle action potentials (MAPs or MUAPs) can be 
picked up by the recording electrodes placed on nerve. These responses how-
ever, are quite delayed compared to NAPs. Their calculated velocities are 
slow, usually less than 20 m/s. They are also larger in amplitude than NAPs 
and more likely to be polyphasic and to have a broader base than a NAP.

4.  THE PARTICULAR CIRCUMSTANCES OF PREGANGLIONIC 
PLEXUS LESIONS

With a plexus lesion, where spinal nerves or roots are injured at a pregangli-
onic level but are intact postganglionically, rapidly conducting (60–80 m/s) 

Fig. 5. A portion of this lesion in continuity (top fi gure) conducted (top tracing) and a 
portion did not (bottom tracing). As a result a split graft repair was done after an internal 
neurolysis (bottom fi gure) (From [21])
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and relatively large amplitude NAPs can be recorded [25]. This is due to the 
fact that the large and well-myelinated sensory fi bers have been spared Wal-
lerian degeneration and, when stimulated, conduct a rapid and large response. 
These responses differ from slower, lower amplitude regenerative NAPs and 
may even be faster and larger than those seen when recording from an intact 
plexus  element [25]. If there is doubt, the proximal part of the spinal nerve 
can be stimulated and attempt made to record somatosensory evoked poten-
tials via cutaneous electrodes placed previously over the upper and posterior 
cervical spine area. With preganglionic injury, these evoked responses will be 
absent. If there is both pre and post ganglionic lesions, the NAP trace will be 
fl at much as with a non-regenerating lesion present lateral to the dorsal root 
ganglion (Fig. 6).

5. OTHER PRECAUTIONS

If any extremity is operated on under tourniquet and the latter is infl ated 
for 60 min or longer, the tourniquet should be left down for 20 or more 
minutes before NAP recording is tried. Ischemia as well as low wound tem-
perature can block successful recordings [46] (Table 5). In several earlier 

Fig. 6. In this model of a C5, C6, C7 stretch injury to supraclavicular plexus C6 had no us-
able outfl ow due to very proximal injury whereas C5 did. Grafts were led from C5 spinal 
nerve to upper trunk divisions and accessory nerve was transferred to suprascapular nerve 
while at an infraclavicular level medial pectoral branches were sewn to a split musculacu-
taneous nerve (From [20])
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cases done under tourniquet, NAP traces were fl at and yet regeneration as 
shown by either histologic study of the resected segment or subsequent 
clinical course was adequate [23]. One also has to be careful of local anes-
thetic use that may also temporarily block conduction. Since the block can 
persist for many hours, absence of a NAP may not under these circum-
stances indicate  resection. On the other hand, muscle paralysis by curare-
like drugs does not interfere with NAP recording. Even so, discussion with 
the anesthetist preoperatively will result in an anesthetic technique in which 
neuromuscular blockage used on induction will have worn off by the time 
the surgeon has dissected the area of injury. The surgeon is thus able to 
stimulate normal and/or injured nerve, observe the effect of appropriate 
muscle contraction, and then elicit NAPs from nerves which give no 
 response to direct stimulation. Once the NAP recording phase of the 
 operation is concluded, the anesthetist can use whatever anesthetic  technique 
he/she prefers.

Noninvasive recording of NAPs is possible for some peripheral nerve le-
sions, but has a defi nite incidence of false negative traces as subsequently 
shown by intraoperative NAP studies. Such recordings are more readily 
achieved with nerves distal in the extremity and close to skin such as median 
or ulnar close to the wrist. Occassionally, stimulation of a nerve close by but 
uninvolved by the injury will produce a falsely positive study so patients have 
to be carefully selected for such a noninvasive approach.

RESULTS

Outcomes from this approach for individual nerve can be found in a 
 succession of publications in both the Journal of Neurosurgery and 
 Neurosurgery. A recent summation of NAP recording is in the proceedings 
of the 13th World Congress of Neurological Surgery held in Marrekesh [27] 
(Table 1).

Table 5. Trouble shooting

  Make sure electrodes have good contact with nerve and away from other  tissues.
  When nerve elevated on the “Crook’s” of the electrodes make sure tension is mini-
mal or else conduction will be blocked.
  Make sure there is an adequate distance between the two prongs of the recording 
electrodes. The distance will need to be greater, the larger the nerve. Some separa-
tion of the stimulating prongs is also advisable.
 Irrigate with warm saline before recording.
 If tourniquet used on the limb let it down for 20 min before recording.
 Use of local anesthetic in the area of the nerve can block conduction.
  Muscle action potential will have broader base, high amplitude and more likely to 
be multiphasic than NAP.
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Recovery to a LSUHSC grade 3 or better level occurred in 1255 of 1422 
(94.7%) injured nerves elements having (+) NAPs (Fig. 7). If there was no 
conduction across the lesion and thus the trace was fl at just distal to the lesion 
the lesion was resected and repaired by epineurial and end to end suture or by 
interfasciular grafts (Fig. 8). Histologic study of the resected specimens 
showed neurotemetic lesions.

Outcomes to an LSUHSC grade level of 3 for whole nerve or plexus aver-
aged 56% for suture and graft repairs. This fi gure included elements or nerves 
favorable for repair as well as unfavorable ones such as lower plexus trunk, 
medial cord, ulnar nerve, and peroneal nerve or division of the sciatic as well 
as more favorable ones. In a nerve such as the sciatic each of its divisions 

Humeral fracture after 9 weeks (EMG=CD)

0.2 mV

1 msec

IR S ® R = 7.0 cm across midhumeral neuroma
                    Stimulus = 80 V/0.02 msec

Fig. 7. Recording made distal to a neuroma involving midhumeral level radial nerve and 
secondary to a fracture 9 weeks previously. Loss was complete clinically and by EMG. A 
neurolysis was deone and overall radial recovery was 4/5 by the LSUHSC grading system by 
3 years postoperatively. IR Invasive recording, S stimulus, R recording (From [20])

200 mV

1 msec

200 mV

1 msec

IR S ® R = 10.6 cm proximal radial
11 V/0.04 msec

IR S ® R = 10 cm across lesion
90 V/0.05 msec

Fig. 8. Operative NAP recording proximal to another radial lesion (top trace) and across 
the lesion (bottom trace). Only a tiny NAP is seen in the lower trace. Lesion was resected 
and was Sunderland Grade IV histologically. IR invasive recording,  S stimulus, R recording 
(From [20])
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needed evaluation by recordings and sometimes different operative manage-
ment based on those results (Fig. 9).

Recordings in 950 entrapped nerves usually but not always confi rmed 
preoperative electrodiagnostic studies. Operative recordings in 364 ulnar en-
trapments validated the diagnosis in 62 cases where less invasive preoperative 
conductive studies were normal and documented the olecranon notch as the 
site of maximal nerve involvement in 95% of the cases [20]. Operative record-
ings at the supraclavicular level in a series of 160 suspected thoracic outlet 
(TOS) cases showed amplitude and velocity abnormalities at the level of 
spinal nerves T1 and C8 close to the spinal column and not more laterally 
between 1st rib and clavicle [19, 20]. These abnormalities were compared to 
recordings from less involved elements such as C5 and C6 to the upper trunk 
level where velocities and amplitudes were signifi cantly greater.

Finally, operative NAP recordings have been used to identify nonfunc-
tional fascicles entering and leaving neural sheath tumors, – schwannomas 
and neurofi bromas as well as documenting less involved fascicles [20].

The validity of NAP recordings has been validated by numerous publica-
tions from other centers [1, 4, 9, 10, 16, 17, 28, 32, 36, 37, 39, 41, 42, 45, 46, 50, 
52–54, 57].

A B

Fig. 9. (A) Thigh level sciatic nerve is shown in this drawing being sharply split into its two 
division after transmitting a NAP across the lesion. (B) NAP recording electrodes are shown 
in place on the tibial division. Tibial division transmitted but peroneal did not so a repair of 
the latter was done (From [21])
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CONCLUSIONS

If a NAP was present in this series, the lesion usually had an external 
 neurolysis, if unassociated with pain, or an internal neurolysis if severe and 
neuritic pain was a problem. Some lesions in continuity having a NAP had 
more obvious severe injury to one portion of the nerve than to another. In 
these cases, the nerve was split into groups of fascicles and differentially 
 evaluated by NAP recordings. A split repair was then usually done. Those 
lesions in continuity not transmitting a NAP two or more months post in-
jury were resected and proven to be neurotemetic or Sunderland Grade IV 
histologically.

NAP recording was also used as an investigative tool for entrapments such 
as those involving ulnar, posterior interosseus or peroneal nerves or plexus 
elements in presumed thoracic outlet cases as well as in tumors arising from 
or involving nerve(s).
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TUNNEL COMPRESSION SYNDROMES 
OF MEDIAN AND ULNAR NERVES 

J. HAASE

INTRODUCTION

Entrapment means, “to be caught in a trap”. Nerve compression syndromes 
that are caused by entrapment may thus be treated by surgical decompression 
increasing the free space surrounding the nerve. In e.g. the carpal tunnel syn-
drome (CTS) it is believed that the median nerve is compressed in the carpal 
tunnel due to an increased pressure within the tunnel. Surgical decompres-
sion lowers this compression and thereby the entrapment of the median 
nerve. It is suggested in textbooks that almost any peripheral nerve can be 
compressed [1]. It is not the aim of this chapter to discuss all of these – often 
hypothetical – entrapments and their surgical treatment.

I shall concentrate on the most common entrapments of the median- and 
ulnar nerves.

History. The most common entrapment syndrome is the CTS [1, 2, 6].  Paget 
fi rst described CTS based on an old radius fracture in 1865. Hunt  suggested an 
occupational neuritis in 1909. Few years later Marie and Foix suggested that 
the transverse carpal ligament (TCL) could be the compressive agent resulting 
in proximal neuromas of the median nerve. For a number of years cutting the 
TCL was used to prevent motorpalsy/thenar atrophy. Immediately after World 
War 2, great interest was raised for peripheral nerve surgery. Zachary described 
thenar palsy due to CTS in 1945 and in 1946; Cannon and Love published re-
sults of nine CTS operated patients. In 1947 Brain discussed the pathophysiol-
ogy of CTS and Phalen introduced the concept of neuropathy in 1950. The 
second most common entrapment syndrome is that of the ulnar nerve at the 
elbow [1]. Henry Earle described in 1816 the fi rst surgical case in a 14-year-old 
girl [4]. Further differential diagnostics on ulnar nerve tunnel syndromes were 
later introduced and the cubital tunnel syndrome described [10].

Sunderland’s monumental work on peripheral nerves leads to a better un-
derstanding of peripheral nerve anatomy [13]. This resulted in further surgical 
refi nement including introduction of magnifi cation and operative  microscopes, 
micro sutures, fi brin glue, nerve grafting and use of intra- and preoperative 
neurophysiology [5]. Late in the 80s endoscope surgical  treatment was intro-
duced and recently a combination of open surgery and endoscope surgery [8].

Keywords: tunnel syndromes, ulnar nerve, median nerve, surgical technique, 
microsurgery
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PART 1: MEDIAN NERVE – ENTRAPMENT (CTS)

RATIONALE

Carpal tunnel anatomy. The carpal tunnel is situated distal to the transverse 
crease at the hand wrist. It has a length of approximately 4 cm (2–5 cm) with a 
roof created by the 0.5 cm thick transverse carpal ligament (TCL). The carpal 
tunnel is 2–3 cm wide and has fl oor and walls defi ned by the Navicular-, 
 Trapezius-, Scaphoid-, Hamate- and Pisiform wrist bones (Fig. 1).

Entrance to the carpal tunnel is proximal and distal defi ned by the rim of 
the TCL. The abductor brevis muscle to the thumb inserts from the radial 
side upon the TCL (Fig. 2).

In the palm and superfi cial to the TCL lies the palmar aponeurosis. 
It contains superfi cial longitudinal fi bres that proximal is in continuity 
with the tendon of the long palmar muscle. Deeper transverse fi bres of the 
palmar aponeurosis continue into the antebrachial fascia of the forearm 
(Fig. 2).

Carpal tunnel size. There is a great difference between measuring anatomical 
structures on cadavers and in the living. With the introduction of Magnetic 
Resonance Imaging (MRI) we have received better information regarding the 
carpal tunnel among the living (Fig. 3).

The cross-sectional area of the carpal canal is smallest distal. MRI mea-
surements proximal and distal to the wrist fl exion crease demonstrates a grad-
ual increase in the cross section area moving proximal, starting approximately 
23 mm from the distal point. The volume of the carpal tunnel depends on the 
wrist position and decreases with wrist extension. The volume of a 40 mm 
long TCL is 114.280 mm3.

Fig. 1. Anatomical demonstration of hand bones and transverse carpal ligament
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Fig. 2. Anatomical demonstration of the carpal tunnel region. Tendons, vessels, nerves and 
muscles
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Carpal tunnel contents. The carpal tunnel harbours the median nerve and 
nine long fl exor tendons (Figs. 2 and 3).

The median nerve consists of sensory and motor fi bres to the radial part 
of the hand [13]. The median nerve enters the carpal tunnel under the radial 
edge of the long palmar muscle tendon after having given off a cutaneous 
palmar branch that lies radial to the tendon of the long palmar muscle start-

Fig. 3. Magnetic Resonance Imaging (MRI). Cross section of the carpal tunnel contents. 
Median nerve relation to tendons and hand bones

Median nerve

Long flexor
tendons

Flexor carpi
Radialis
tendon
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ing 3–11 cm proximal to the wrist. Short palmar branches originate proxi-
mal to the wrist crease penetrating the fanning fi bres of the long palmar 
muscle tendon and terminate in the TCL. The palm derives its cutaneous 
sensation from branches of both the median- and ulnar nerves. The cutane-
ous branch from the ulnar nerve is found up to 16 cm proximal to the wrist 
crease and innervates skin at the thenar eminence in approximately 50% of 
patients (Fig. 2).

The median nerve passes through the carpal tunnel located volar close to 
the TCL and radial to the superfi cial fl exor tendons lying between those to 
the middle fi nger and the radial fl exor carpi tendon (Figs. 2 and 4).

Among half of patients the median nerve gives distal to the TCL rim a 
recurrent motor branch to the abductor brevis muscle of the thumb. This 
branch is usually given off free inside the carpal tunnel but may be subliga-
mentous or intraligamentous placed. This branch may also innervate the 
fi rst interdigital and lumbrical muscles. Distally to the TCL the median 
nerve  divides in branches to the 1st, 2nd, 3rd web spaces and the radial side 
of the thumb. A communicating branch (Berettini branch) between the 
ulnar- and median nerves is found in soft fat 2–26 mm distal to the TCL 
together with the superfi cial vessel arcade between radial- and ulnar arteries 
(Fig. 2).

The median nerve changes size and format according to the position of 
the wrist joint and with movements and elongation of the TCL. It is oval at 
the proximal pisiform bone level becoming more elliptical at the level of the 
Hamate bone. With the wrist extended it is found more deep to the TCL 
whereas it in fl exion is pressed towards the TCL. It may move up to 2 cm 
during fl exion/extension.

The eight superfi cial fl exor- and the deep fl exor tendons are in the same 
synovial sheet, whereas the long fl exor tendon to the thumb has its own sheet 
radially placed in the TCL (Fig. 3).

TCL

Median nerve

Ulnar a.

Fig. 4. Ultrasonographic imaging. Cross section of the carpal tunnel contents. Median nerve 
size shown
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The TCL serves as a trolley for these long fl exor tendons that move up to 
5 cm in normal situations.

The many variations in the anatomy of the median nerve at the wrist are 
of importance to the surgeon preparing to divide the TCL.

DECISION-MAKING

Diagnosis of CTS is unfortunately commonly based on patients symptoms 
(subjective) alone: numbness and/or tingling with or without pain in the 
median nerve distribution in the hands – symptoms which we as physicians 
often states: “are caused by compression neuropathy of the median nerve at 
the wrist.” e.g. – a typical ring conclusion. The variability lead to the de-
velopment of the hand diagram by Szabo [5]. Here the patients fi ll out a 
questionnaire to be given to the MD. However the results are closely linked 
to the epidemiology of the patients. If we give hand diagrams to a group of 
patients in a hand-surgical outpatient clinic its value is low [5]. If we screen 
a normal population it is high. Szabo showed that the combinations of a 
patient with completed hand diagram, presence of nightly pain, abnormal 
sensibility using monofi lament testing and a positive Durkan’s test had 
both a high sensitivity and specifi city. If all 4 parameters were abnormal 
the diagnosis of CTS was correct in 86% [5]. Most important is the fact 
that for scientifi c comparison of patient groups we cannot accept to defi ne 
CTS caused by compression from patient information symptomatology 
alone and then compare these cases with cases of documented nerve abnor-
malities.

Verifi cation of peripheral nerve lesions can be made by electrophysiology 
and imaging and electrophysiology.

We therefore often supplement our investigations with electrophy-
siological validation. The problems of diagnostic specifi city still exist de-
spite this 30% of patients with “typical clinical symptoms of CTS” have 
normal neurophysiologic examinations, 32% with “uncertain” clinical 
symptoms have positive electrophysiological studies and 18% of persons 
without any symptomatology have positive electrophysiological studies 
[3].

This emphasizes how we often include many types of and degrees of 
“CTS” in our so-called syndrome.

1. ELECTROPHYSIOLOGY

Focus on muscles, alpha motor nerve fi bers and large myelinized sensory 
nerve fi bers whereas autonomic functions and sensory functions mediated 
by the thin myelinized fi bers or unmyelinated C-fi bers are not systemati-
cally investigated. Precisely these fi bers are presumably those fi rst involved 
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in the CTS. Technical factors such as amplifi er gain, fi lter settings, electrode 
size, form and material, distance between electrodes and hand/arm temper-
ature plays an important role. Surface electrodes are the predominantly 
used. Prolonged distal motor latency (DML) and blocked sensory nerve 
conduction velocity (SNCV) at the TCL are the most used electrophysio-
logic  parameters used for diagnosing CTS. Electrophysiology is also im-
portant for diagnosing polyneuropathy and to exclude patients with other 
diseases.

2. IMAGING (MRI)

MRI is used to demonstrate edema and ischemia inside the median nerve 
(Fig. 2).

Most important is that these abnormalities are found by using T2 weight-
ed fast spin-echo fat suppressed technique (chemical shift selection or inver-
sion recovery). T1 weighted imaging with planes parallel and transversely 
along the nerve using phased-array coils gives similar excellent anatomical 
data. How these data are correlated with carpal tunnel pressure increase and 
electrophysiology is not yet completely solved.

3. IMAGING (ULTRASONOGRAPHY)

Ultrasonography is also used to document nerve size and other abnormalities 
within the carpal tunnel. An increased size of the median nerve seems to be 
the most constant factor (Fig. 4).

For validation of the symptomatology of a CTS neuropathy in different 
stadiums, clinical symptoms/hand diagrams are combined with electrophys-
iological data.

The clinical symptoms and the electrophysiological changes make it pos-
sible to divide suspected CTS patients in four groups/stadiums:

Stadium 1. Intermittent ischemia of sensory neurons, but with no signifi cant 
SNCV disturbances. Clinically these patients harbor acroparaesthesia, but no 
sensory disturbances to be found by clinical investigation.

Remember that Stadium 1 is not a stadium where validation of pressure 
changes is evident using electrophysiology. This is the most common sta-
dium! Many of these patients claim that symptoms started when they were 
using wrist loading work e.g. potato pealing, cloth twisting or knitting.

Stadium 2. Chronic ischemia of sensory axons with focal reduction of SNCV 
due to paranodal demyelization. Clinically presenting with minor degrees of 
subjective hypoesthesia, clumsiness, and pain by wrist provoking movements 
and nightly painful paraesthesia. These patients will often present with clini-
cal sensory disturbances of the median nerve territory.
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Stadium 3. Axonal degeneration with reduced SNCV, decreased amplitude of 
sensory nerve potentials and denervation potentials in abductor pollicis bre-
vis muscle. Clinically they are still clumsy and beginning atrophy and palsy 
of the abductor pollicis brevis muscle is found. They may have moderate 
nightly painful paraesthesia and clinical sensory disturbances.

Stadium 4. Loss of many axons and subsequent signifi cant reduced SNCV, 
which in the end-stadium may show no functioning fi bers at all. Persistent 
hypoaesthesia/anaesthesia is found and the median nerve territory. Subjective 
symptoms are now changed and nightly paraesthesia is uncommon. Many pa-
tients are fi rst diagnosed at this stage because they are investigated for  other 
diseases as their symptoms does not infer with normal daily life. They have 
been accustomed to the loss of sensibility and are not bothered by pain.

4. CONCLUSIONS

Due to this, one must conclude that in order to document functional distur-
bances in the median nerve, clinical electrophysiologic investigations play a 
role in describing and defi ning the types of CTS that needs surgical decom-
pression. Similar we need a precise classifi cation if we want to compare pa-
tients and patient treatments.

5. CHECKLIST – FLOW DIAGRAM

Fig. 5. Flow chart. Diagnostics and treatment of carpal tunnel syndromes
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SURGERY

The patient is preoperatively carefully informed about how the operation is 
carried out. It is described how local anesthesia is used and that he/she can 
feel “something” happening during the operation, but will have no pain dur-
ing the operation. Additional anesthetics can be applied if necessary. No tour-
niquet is used.

Instruments needed are surgical knife with a 15 blade, an Adson retractor 
is used and preferable an operative microscope or loupes for better viewing.

The patient is told not to eat after midnight. He arrives in the outpatient 
clinic and relaxes with a newspaper. He is then brought into the operating room 
in his normal clothes. The hand/arm is carefully prepped with iodine or similar 
disinfection material. The hand is then placed on a well bolstered separate arm 
table. If it is the right hand, the right-handed surgeon places himself at the ulnar 
side of the hand to be operated upon. Vice versa if the surgeon is left handed. 
The reason being that the surgeon then will cut and dissect from proximal to-
wards distal whereby the risk of injuring nerve branches is  reduced.

The operative microscope is brought to its place. The oculars and interpu-
pillary distance are set correctly by the surgeon and the microscope may be 
draped. The operative fi eld is with this type of surgery rather stationary so 
draping can be excluded!

With a thin needle 4–5 cc lidocain 1% is infi ltrating the skin over the carpal 
tunnel. Then after 4–5 minutes I test the quality of sensation with small pin 
pricks at the anesthetic area and outside this to make the patient comfortable by 
sensing the difference between normal painful areas and analgesic areas.

I use two pair of gloves at the introduction. A 3–4 cm long incision is made 
with a 15 blade from the distal crease of the hand towards the interdigital 
space 3/4. A small self-retaining retractor is used to pull the skin edges apart 
(Fig. 6). Haemostasis is carefully applied with bipolar  coagulation if neces-
sary. I removed the fi rst pair of gloves that are contaminated with skin  bacterial 
fl ora. With aid of the microscope the palmar aponeurosis is now visualized 
and cut longitudinally with a fresh 15 blade. Eventual  cutaneous nerve struc-
tures or vessels are avoided. The TCL is now visualized with its white trans-
verse fi bers. It is cut open in the middle, slightly ulnar to the midline. When 
the carpal tunnel contents are encountered, the incision is carried further dis-
tally to the rim of the TCL and until the  normal fat is visualized. Then the 
proximal part of the ligament is cut and eventually part of the antebrachial 
fascia again keeping ulnar. The palmar cutaneous nerve branch is usually nev-
er seen with this approach. The median nerve is visualized and hourglass shape 
and eventual cyanosis described (Fig. 7). Movements of the tendons by pull-
ing the fi ngers secure that the contents in the canal is free. The ligament edges 
are coagulated with low current bipolar coagulation and the skin closed in one 
layer with single 5–0 nylon sutures. The wound is covered with a band-aid 
and the hand bolstered leaving the fi ngers free for active movements immedi-
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ately after surgery. The hand is kept high the fi rst day and skin sutures re-
moved after 10–14 days. Decreased wrist movements are common after the 
two weeks immobilization and should be treated by active movements after 

Fig. 6. Carpal tunnel opening using “my incision” – straight, 4 cm long

Fig. 7. Carpal tunnel opened showing hourglass appearence of a compressed median nerve

CTS case – carpal tunnel opened – hourglass

Cyanosis of nerve Maximum compression
hourglass appearence
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the skin sutures have been removed. A cadaveric  image of the carpal tunnel 
contents is seen in Fig. 8.

Complications from larger series in modern time ranges from 0 to 24% 
among open surgically treated CTS demonstrating the infl uence of the surgi-
cal learning curve and/or surgical competence. In our own series at Aalborg 
Hospital (approx. 100 cases/year) we found in one year 13% complications 
where residents performed the operations. This was in contrast to 0% the 
year after, where all these operations were carried out by two experienced 
neurosurgeons.

The most common complication to open surgery is:

Inadequate cutting of the distal part of the transverse ligament. These • 
patients will not experience a relief of the painful paraesthesia after 
the operations, which is normal for all others within a few days. If the 
patient still complains after 2–3 days consider this complication.

The other complications are:

Erroneous decompression of the ulnar nerve in Gyon’s canal instead • 
of median nerve (no magnifi cation used?).
Direct surgical lesion of the median nerve.• 

Fig. 8. Cadaveric specimen of carpal tunnel. Vascular loop placed around median nerve

Loop around median nerve

TCL – cut edges

Long
flexors
tendons
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Direct surgical lesion of the motor branch of median nerve.• 
Lesion of the palmar cutaneous branch of median nerve which often • 
leads to refl ex sympathetic dystrophy (RDS).
Hypertrophy scar is only seen if the skin incision has been carried • 
proximal to the wrist crease.
Hypersensitive scar and slight pillar pain are common in the fi rst • 
weeks after surgery.
Injury to superfi cial vascular arch and wound infection is rarely • 
encountered. Decreased grip strength is common for the fi rst 2–3 
months, but will normally disappear.

HOW TO AVOID COMPLICATIONS

To see is the fi rst and most important factor. With my described technique the 
nerve is clearly seen because magnifi cation is used with the operative micro-
scope. Furthermore the microscope includes excellent light in the operative 
fi eld. It is possible to preserve the whole operation on a DVD or as slides in a 
PowerPoint presentation.

Second important issue is that I never use tourniquet. Thereby all degrees of 
nerve compressions including their colour changes and vessels stasis are clearly 
shown. Performing the skin incision the larger cutaneous nerves may be seen 
and protected. The white transverse fi bres of the TCL are also easily visualized 
with the microscope. The motor branch of the median nerve is never found 
during this dissection and thus never sectioned because you see all details of the 
operation – nothing is blinded. Similar I never use a pair of scissors to cut the 
TCL for the same reason. I never use a protecting instrument placed into 
the carpal tunnel so that you may cut directly on this. If you do so you merely 
resemble the standard endoscope treatment and its possible mistakes [5].

Cutting the TCL proximal and its continuation into the antebrachial fas-
cia can also be seen and the free median nerve felt in the arm.

CONCLUSIONS

In stages 1 and 2, total relief of pain and nightly paraesthesia is obtained in 
close to 96% of all cases within 24–48 hours. In stadia 3 and 4 full return of 
sensation and muscle power cannot be anticipated, as regeneration of the 
axonal injured nerve fi bers will take up till several years. One of the main 
causes for surgical mistakes is improperly placed incisions [6]. Hands are 
different and incisions must take aim of visualization of the ligament and 
then the contents of the carpal tunnel. Lack of magnifi cation and light both 
disturbs the possibilities of viewing the carpal ligament  suffi ciently. Most 
series published are “personal” and thus not suited for generalizing – which 
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is still done. The surgical learning curve is important and because one great 
endoscope surgeon or microneurosurgeon can carry out CTS without 
complications this does not invariably indicate that the rest of surgeons 
will do the same. From a variety of series the complications varies from 0 
to 23% demonstrating the value of experience [5]. The serious complica-
tions must be regarded as the result of: – “careless or inexperienced surgery 
and the  established principle of surgery under direct vision has provided 
reliable protection against disaster” (J Hand Surg 1994: 19B; 3–4).

It is often quoted that following endoscope decompression the time of 
return to work is shorter than with the open techniques despite that no con-
trolled randomized series exist to prove this statement.

PART 2: ULNAR NERVE ENTRAPMENT

RATIONALE

The ulnar nerve follows the medial head of the triceps muscle to the groove 
between the Olecranon process and the medial epicondyle. The ulnar nerve 
enters the retrocondylar groove with only 2–4 fascicles and is here heavily 
protected in a fi bro-osseous tunnel. After crossing the elbow it gives off 
branches to the elbow joint, skin at the olecranon and motor branches to the 
ulnar carpal fl exor- and the medial half of the deep fl exor muscles. Upon leav-
ing the groove it enters the cubital tunnel (Osborne compartment) under the 
arcuate aponeurosis (Osborne ligament) constructed by the two heads of the 
ulnar carpal fl exor muscle inserting on the medial epicondyle and the olecra-
non [10]. The nerve digs down under these two heads into the Osborne 
compartment and continues into the forearm lying between the ulnar carpal 
fl exor muscle and the deep long fl exor muscle closely joined with the ulnar 
artery. Here it gives motor branches to the long fl exor muscles. Where it digs 
into under the Osborne ligament it gives off articular branches to the elbow 
joint (Fig. 9).

Distal at the wrist it enters Guyon’s canal where it to the volar ulnar part 
of the hand and 4th and 5th fi ngers. I has superfi cial and deep motor branch-
es to the small hand muscles, the interossei – thumb adductor, thumb fl exor, 
opponence and two ulnar lumbrical muscles (Fig. 2).

The motor fi bres for hand muscles are located superfi cially in the ulnar 
nerve at the elbow level [13]. Anastomosis between the ulnar- and median 
nerves in the forearm and distally in the palm exists in many patients. 
 Similar many variations in the ulnar nerve anatomy exist. A gliding move-
ment of up to 4.7 cm of the only 2–4 fascicles of the ulnar nerve is taking 
place during fl exion/extension of the elbow in normal persons [13]. During 
fl exion of the elbow the sulcus size decreases and similarly it increases dur-
ing extension. In contrast the cubital tunnel space decreases with elbow 
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extension. The strain at elbow fl exion is maximal directly behind the  
medial epicondyle with pressures that increases up to 3 times by elbow 
fl exion.

The ulnar nerve may very rarely be compressed proximal to the sulcus. 
More common it is compressed at the level of medial epicondyle due to recent 
elbow fractures. If the fi bro-osseous tunnel is reduced in size the ulnar nerve 
may  easily be entrapped here. In the cubital compartment an elbow fl exion 
causes stretching of the ligament and the compartment fl attens leading to 
pressure on the  ulnar nerve. When the ulnar nerve leaves this “Osborne com-
partment” it perforates the fascia layer (arcuate ligament) between the super-
fi cial and deep long fl exor muscles, which may lead to a possible entrapment 
[9, 10, 12].

DECISION-MAKING

Diagnosis is made from careful history taking noting the time of symptom 
debut and by objective clinical evaluation. Is there a history of trauma to-
wards elbow – even an old one in childhood? It must be described how symp-
toms are transient or continuous, related to work, opening jars or turning 
doorknobs, bending the elbow using hand-held phones or driving a car? With 
repetitive hand work the patient may note weakness of hand developing to-
gether with hand coordination problem such as typing and playing an instru-
ment. A decreased handgrip and pinch strength is therefore a sign of an ulnar 
nerve irritation. Pain along inside of shoulder blade and paraesthesia may 

Ulnar nerve transposed

Cutaneous branch for
olecranon

Sulcus

Osborne
compartment
opened

Olecranon

Fig. 9. Cadaveric specimen of elbow region showing ulnar nerve transposed from 
sulcus
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also wake them from sleep. Many patients have severe pain at the elbow fl ex-
or muscles radiating down towards the 5th fi nger or centrally towards the 
shoulder and neck.

Wasting of muscles is often seen – classically in the fi rst hand space and the 
hypothenar. Froment’s sign is then positive. The ulnar carpal muscle and the 
ulnar part of the deep fl exor muscles will also often be paretic. Sensibility dis-
turbances are present on the 4th and 5th fi nger including the dorsal part of the 
hypothenar. Patients with compression in Guyon’s canal will have same motor 
dysfunction but preserved sensibility on the dorsal side of the hypothenar. Vi-
brating tools or direct trauma are the most common causes of symptoms. Gan-
glia have been reported in the canal but not in the sulcus.

Patients with polyneuropathy (diabetes mellitus) seem more vulnerable to 
repeated trauma and to ischemic changes in the nerve. Differential diagnosis 
includes evaluation of the cervical spine for a cervical disc herniation. Are the 
shoulder movements normal? Is there any suggesting of a thoracic outlet syn-
drome or a Pancoast tumor of the lung apex? Palpation for peripheral nerve 
tumors at the supraclavicular space or along the medial aspect of the upper 
arm. Does the patient have a neglected elbow fracture or luxation? Did he 
have a supracondylar fracture as a child? Are there signs of severe arthrosis or 
rheumatic arthritis? Is the nerve subluxating over the epicondyle during max-
imal elbow fl exion? The ischemia leads to progressing interstitial connective 
tissue proliferation and reduced gliding properties of the fascicles and thereby 
symptomatology [9].

Patients are for practical reasons often grouped based on degree of 
 symptomatology:

 1.  Mild symptomatic patients with intermittent paraesthesia and 
 hypoesthesia.

 2.  Moderate symptomatic patients with persistent symptoms and vary-
ing degrees of motor weakness and muscle atrophy.

 3.  Worst symptomatic patients with marked intrinsic muscle atrophy, 
weakness and deformity.

Group 1 should primarily be treated in a non-operative way. The stadia 
2 and 3 may need surgery depending on the degree of internal nerve fi brosis 
and axonal degeneration.

Preoperative assessment. Laboratory tests include ruling out anaemia, diabe-
tes mellitus and hypothyroidisms. If rheumatoid arthritis is suspected the rel-
evant blood tests should be performed.

Neurophysiology. Controversies exist but most prominent feature is a 
reduced nerve conduction velocity over the elbow being >10 msec reduced 
compared to the velocity measured in the nerve in the distal part of the arm. 
However, when and if axonotmesis occurs, in later phases, correlation with 
the other side is more valuable. The recommendations from the American 
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Association of Electrodiagnostic Medicine (Haase) include as a standard that 
the ulnar sensory and motor NCV be performed with surface stimulation and 
recording. If NCV is found abnormal, further studies must be carried out to 
exclude a  diffuse process in the nerve. For standardization, the elbow is posi-
tioned in a 70–90  fl exion and across – elbow distances should be around 
10 cm.

Imaging includes radiographs of the chest for Pancoast tumor and cervical 
rib. Radiograph of the elbow is obtained if valgus deformity or shallow 
groove is found.

Ultrasonography demonstrates the groove with the ulnar nerve and the 
Osborne space and arcuate ligament.

MRI is used in a few cases, but the value of all these tests are still 
developing.

For entrapment in Guyon’s canal MRI of the wrist bones may be needed. 
Guyon’s canal EMG shows a prolonged distal motor latency to the dorsal 
interossoeus muscle of 1st interstitium and reduced sensory nerve conduc-
tion velocity in the hand.

Ultrasonography has so far no scientifi c documented place as an imaging 
tool.

Flow charts for treatment of these different grades are found in 
Figs. 10 and 11.

Fig. 10. Flow chart. Diagnostics and treatment of ulnar nerve compression. Grade 1
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Ulnar nerve symptom grade 2–3

differential diagnosis
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distal wrist
clinical
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Fig. 11. Flow chart. Diagnostics and treatment of ulnar nerve compression. Grades 2–3

SURGERY

The patient is preoperatively carefully informed about the operation. With 
the simple decompression it is described to the patient how local anesthesia is 
used and that he/she can feel “something” happening during the operation, 
but will have no pain. Additional anesthetics can be applied if necessary. No 
tourniquet is used. With transposition procedures general anaesthesia is pre-
ferred [1, 12]. The minimal invasive technique by endo/microsurgery may 
have an advantage but needs long-term validation [8].

1. SIMPLE DECOMPRESSION TECHNIQUES

1.1 Osborne operation

The muscle aponeurosis over the cubital tunnel is opened using local anes-
thesia but the retrocondylar groove is kept untouched. The skin distal to 
the olecranon is infi ltrated with 5 cc of local anaesthetics. The skin is then 
opened from the middle of the line between the olecranon and the epicon-
dyle distal to the groove. The muscle aponeurosis is cut and the Osborne 
compartment opened. The ulnar nerve is located and the nerve dissected 
beneath the two heads of the ulnar carpal fl exor muscle. I always use mag-
nifi cation at this stage (operative microscope). When the fascia has been 
opened I move the arm to see how the nerve is sliding. I do not open the 
retrocondylar groove unless compression here is suspected. If I open it, it is 
only the distal half of the fi bro osseous tunnel. Other authors do it rou-
tinely, releasing the nerve from its groove and let it lie freely only covered 
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by connective tissue. To me the patient needs to have a deep condylar groove 
to do this. The risk of a new chronic nerve irritation is obvious with the 
nerve sliding over the epicondyle. With elbow fl exion. I then close the skin 
in two layers. The patient is urged to move the elbow freely immediately 
after surgery. At night an elbow bandage made by a towel is used to prevent 
maximum elbow fl exion for the next 2–3 weeks. Skin sutures are removed 
after 2 weeks [10].

Open surgery is the standard; the cubital tunnel release with endoscope 
assistance has been advocated with a new micro/endo version in 2006 [8].

1.2 Epicondylectomy

Medial epicondylectomy is another hypothetical way to release pressure on the 
ulnar nerve at the elbow. This operation needs general anaesthesia. Excision of 
the proper amount of bone is critical to the success of this procedure. If too 
much bone is excised, damage to the medial collateral ligament of the elbow 
deep in the groove may lead to a valgus instability and pain. Osteomyelitis is a 
severe complication to this operation. Other complications are injury to the 
anterior fi bres of the medial collateral ligament giving painful instability of the 
medial elbow, heterotopy ossifi cation as the result of osteotomy and continu-
ous minor trauma as the nerve now is unprotected [7, 12].

The author has never carried out this operation.

2.  ULNAR NERVE DECOMPRESSION WITH TRANSPOSITIONS 
OF THE NERVE

Surgical decompression of the ulnar nerve with subsequent anterior trans-
position to the medial epicondyle is often used. Hereby the position of the 
ulnar nerve should be shorter and tension of the nerve thus be relieved. 
Interfascicular gliding should also be improved. The ulnar nerve may be 
positioned subcutaneously above the muscle fascia or submuscular either 
under or inside the pronator teres muscle [1, 7, 9]. Lesions of cutaneous 
branches to the olec  ranon/elbow joint may result from transposition tech-
niques and long dissection of muscular and cutaneous branches may be 
needed.

2.1 The subcutaneous technique

An incision starts some 8 cm proximal to the medial epicondyle and continues 
in front of this to some 6 cm distal over the fl exor carpi ulnaris muscle. 
Branches of the medial antebrachial cutaneous nerve are carefully protected 
to prevent neuroma development. The ulnar nerve is found proximally and 
then dissected distally. It is freed from all septa, Osborne ligament and fl exor 
carpi ulnaris fascia. The distal medial intermuscular septum should also be cut 
protecting major vessels here. The ulnar nerve is mobilized in front of the 
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medial epicondyle preserving the motor branches to the fl exor muscles. If 
necessary, the articular branch to elbow joint should be preserved too. The 
nerve now lies on the fascia and the subcutaneous fat is sutured to the tip of 
the medial epicondyle. Thereby a subcutaneous tunnel is created. It is secured 
that the nerve lies freely and moves (Fig. 9). Then the skin is sutured in two 
layers. Postoperatively,  immobilize the elbow in a cast or splint at 45° of fl ex-
ion for 2 weeks. Active mobilizations stated after two weeks. It is the simplest 
technique but must be carried out meticulously to prevent later kinking prox-
imal and distal [1, 9].

2.2 Submuscular techniques

In submuscular transposition the initial dissection is as with the subcutaneous 
technique. The idea is to position the ulnar nerve deeper inside the muscle tissue. 
Therefore the origin of the fl exor-pronator muscle group is released and the 
nerve positioned under these on the brachialis muscle. Then the fl exor-pronator 
muscle is reattached securely. Variations of this technique exist.

Postoperatively, the elbow is immobilized in 45  of fl exion in a post mold 
or cast for 3–4 weeks [1, 7].

3. GUYON’S CANAL – WRIST – DECOMPRESSION

A surgical decompression is carried out most often from the volar side of the 
wrist with a straight incision and a z at the wrist creases. Another approach is 
from the ulnar side of the hand via a Z-shaped incision lateral along the 
 hypothenar. Hereafter the pisiform bone is removed whereby the deep motor 
branch is decompressed. Little postoperative problems are the result of this.

Results of surgical treatment of ulnar nerve compression. Many different 
clinical situations exist and one simple treatment of all these cannot be given. 
The ulnar neuropathy is manifested by multiple pathogenesis factors. The 
acute Ulnar nerve neuritis is a completely different entity then that of an 
 ulnar nerve neuropathy or a median nerve neuritis. We have no controlled 
and validated information with regard to proper treatment. We must accept 
this and be cautious in our suggestions of what type of treatment the patients 
should achieve. Prevention seems better than any surgical cure in the fi rst 
stadium of the disease.

Conservative treatment is based primarily on prevention of compression. 
Keep the elbow as straight as possible, use headsets instead of mobile tele-
phone, adjust workspace if necessary and use elbow protectors. This will in 
most cases lead to reduced symptoms. Only if these treatments fail, surgery 
can be considered.

Basically the operative treatments consist of the “simple” decompression 
with a minimum of complications. Simple decompression should in the ma-
jority of cases be the fi rst choice of surgery. The technically more complicated 
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transposition of the ulnar nerve leads to many complications [1, 9, 10]. Trans-
position is carried out in cases where medial dislocation of the nerve is a 
prominent feature and the choice of subcutaneous and submuscular transpo-
sition is not clear – I personally favor the simplest choice.

HOW TO AVOID COMPLICATIONS

A kinking of the ulnar nerve can easily occur against the medial intermuscular 
septum and under the aponeurosis arch between the two heads of the ulnar 
fl exor carpi muscle. This happens if suffi cient decompression is not carried 
out. Most common complications to operative treatment are injury to the 
nerve while decompressing it or transposing it and neuromata of the medial 
antebrachial cutaneous nerve [12].

Endoscope decompression has been described but only lately with the 
combined endo-micro technique [8] and it seems to be a tool to be taken 
seriously.
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TUMORS OF THE PERIPHERAL 
NERVES

F. LAPIERRE

INTRODUCTION

Most reports of nerve tumors were done in the 17th century.
Cheselden in 1741 (Anatomy of the human body) described a tumor oc-

cupying the center of the ulnar nerve, and Woods dissecting it established that 
the tumor could be divided from the majority of the fascicules, which  probably 
have been the fi rst description  of a schwannoma. The distinction between 
neuroma and nerve tumors was not clearly established yet. This tumor was 
rediscovered in 1800 by Home, with enucleation of the tumor, but the patient 
died of an unknown cause. As late as 1855, patients with neuromas or nerve 
tumors were most often treated by amputation. Virchow in 1864 divided 
 tumors between true and false. Nelaton and Krause advocated the simple ex-
cision of the well encapsulated tumors, and the amputation was seldom per-
formed after.

In 1882 Friedrich von Recklinghausen published his monograph describing 
the NF1 type neurofi bromatosis, and the nerve tumors. The NF2 type was dis-
tinguished by Vincent Riccardi in 1981, and the other types of peripheral nerve 
tumors were described by the modern anatomopathologists: Rubinstein… .

RATIONALE

Most tumors of the peripheral nerves develop in the nerve sheaths and are of 
benign type.

1. CLASSIFICATION OF TUMORS

1.1 Nerve sheath tumors

Benign tumors• :
Schwannomas (also called neurinomas or neurilemmomas)
Neurofi bromas

Malignant tumors• :
Malignant schwannomas
Fibrosarcomas

Keywords: peripheral nerves, tumor, microsurgery
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1.2  Primary neuronal tumors: coming from the autonomic nerve 
ganglion cells

Neuroblastomas• 
Ganglioneuromas• 
Pheochromocytomas• 
Paragangliomas (also called chemodectomas)• 

1.3 Metastatic tumors

From melanomas, lung carcinomas, lymphomas… .

1.4 Tumors of non-neuronal origin

Lipomas and lipofi bromatosis of the median nerve and seldom • 
 others
Ganglion cysts arising from synovial remnants, mostly in the hand• 
Vascular lesions such as vascular malformations, hemangiomas• 
Miscellanous: Endometriosis…• 

1.5 Exceptional tumors

Neurothecomas, perineuromas, melanotic neurinoma, hamartomas, myxo-
matous cysts… .

1.6 Non-neoplastic lesions

Traumatic and non-traumatic nervomas: Can mimic tumors when becoming 
rather big but are not true tumors.

2. NEUROFIBROMATOSIS

Neurocutaneous disorders formerly called phakomatosis are a group of con-
ditions of which neurofi bromatosis are the most common with an involve-
ment of every tissues.

Neurofi bromatosis Type 1 (NF1) and Type 2 (NF2) are autosomal-domi-
nant disease.

2.1 NF1

NF1 occurs in 1 out of 3500 individuals and is the most frequent of the pha-
comatoses, is clinically heterogenous, and characterized by neural-crest de-
rived tumors. Neurofi bromas, complex tumors arising from peripheral nerves 
sheaths are the key feature of NF1.

This disease has been linked to a genetic defect on chromosome 17q 11,2. 
This gene products the neurofi bromin protein.
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The penetrance of the NF1 mutation is virtually 100% by the age of 10 
years. Half of the patients represent new mutations, and 80% of new muta-
tions are paternal origin.

The diagnosis requires at least 3 criterias of the seven of the  disease:

At least 6 Café-au-lait spots, each of 5 mm minimum in pre-pubertal • 
individuals, or 15 mm in post-pubertal patients
2 or more neurofi bromas of any type or one plexiform neurofi broma• 
Optic glioma• 
Hyperpigmentation in the axillary or inguinal areas• 
2 or more Lisch nodules (pigmented iris hamartomas appearing as • 
translucent yellow or brown elevations)
Osseous abnormalities: Sphenoid dysplasia or thining of long bone • 
cortex, with or without pseudarthrosis
A fi rst degree relative with NF1 by above criteria.• 

A lot of associated conditions may be found:

Schwann-cell tumors of any nerve• 
Spinal or peripheral nerve neurofi bromas• 
Macrocephaly• 
Intra-cranial tumors: hemispheric astrocytomas, solitary or multicen-• 
tric meningiomas, ependymomas, brain stem  gliomas…
Unilateral defect in superior orbit with pulsatile exoph talmos• 
Neurologic or cognitive impairment• 
Kyphoscoliosis (2–10%)• 
Syringomyelia• 
Visceral manifestations: tumors of autonomic nerves or ganglia within • 
the organs
Malignant tumors: Neuroblastoma, sarcoma, leukemia, Wilm’s tumor, • 
ganglioglioma…
Pheochromocytomas, in adults (unusual)• 

2.2 NF2

The prevalence of NF2 is estimated to be one case per 35,000 persons a year, 
with each sex equally affected.

This disease has been linked to a defect on chromosome 22q12, where a 
tumor suppressor gene called merlin or schwannomin is  located.

The diagnostic criterias are:

Bilateral eight nerve tumor on imaging• 
or
A fi rst degree relative with NF2 and either:• 
or
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2 of the following:• 

Neurofi broma• 
Meningioma• 
Gliomas including astrocytoma, ependymoma• 
Schwannoma including spinal root ones• 
Juvenile posterior subcapsular posterior cataract or  opacity.• 

Associated conditions:

Seizures or focal defi cits• 
Skin nodules, café-au lait spots, dermal neurofi bromas, less common • 
than in NF1
Multiple intra-spinal tumors: schwannomas, ependymomas,• 
Antigenic nerve growth factor is increased (not in NF1)• 
Long-term survival rate is unfavourable.• 

DECISION-MAKING

Depends on the background:

Diagnosis of a solitary tumor in a normal patient• 
Or diagnosis of one or several tumors in a patient• 
harbouring a neurofi bromatosis.

1. DIAGNOSIS OF PERIPHERAL NERVE TUMORS

The most common feature is pain which can be either in day and more typically 
in night (25% of patients), sometimes as an electric discharge sensation, caused 
by contact, some specifi c movements or small traumatisms. It is present in 98% 
of the cases. Its location depends on the involved nerve and it can mimick a 
sciatica, a cervico-brachial neuro logy, a tunnel entrapment syndrome… which 
explains that the delay for the diagnosis is between 2 weeks and 18 years!

The patient can discover the tumor by himself, or following  a traumatism, 
and complains from a mild motor dysfunction  in 20% of the cases, and a 
sensory impairment in 15%.

In most cases the tumor is found through palpation, horizontally mobile, 
and when tapped can produce paresthesias.

A motor defi cit is present in 50% of the patients, a sensory one in 20%. 
The search of neurofi bromatosis signs must always be performed in young 
patients.

The general status of the patient must be checked: a recent alteration is an 
argument for malignancy.
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A B

Fig. 1. Various types of tumors. A Schwannoma (encapsulated). B Neurofi broma (non 
 encapsulated, with anarchic disposition of the fascicles)

1 – Normal fascicles stretched on the tumor 
2 – Schwannoma 
3 – Satellite tumor
4 – The pathologic fascicle
5 – Vessels 
6 – The nerve after enucleation of the tumor 

1

2

3
4

5

6

Fig. 2. Removal of a Schwannoma
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2. INVESTIGATIONS

Electro-neuro-myography can be performed, may be useful if the tumor is 
not palpable.

It shows the functional disturbances due to the tumor, an increase of dis-
tal latencies and a diminution of the conduction velocity. But it also may be 
normal.

Intraoperative motor- and sensory-monitoring techniques during tumor 
resection may help to spare functioning fi bers.

Post-operatively it helps to predict the functional restauration.
Echography can help to localize the tumor. The gold standard exam is 

MRI, without and with gadolinium injection. In most cases, post-contrast 
fat-saturated image show the enhancing tumor. Its characteristics are corre-
lated to the anatomo-pathology, but may be modifi ed by an intra-tumoral 
bleeding or necrosis. The relations with the surrounding structures must be 
properly appreciated (Figs.  3–5).

3. PRE-OPERATIVE ASSESSMENT

In case of fi bromatosis•  an exhaustive check-up of the disease 
must be performed, with a multi-disciplinary approach (ge netic, 
 dermatologic...).

A B

Fig. 3. Schwannoma of the ulnar nerve. A T1 weighted MRI images with gadolinium show-
ing homogenous enhancement. B Axial T1 MRI image with gadolinium  enhancement
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In case of an isolated tumor• , the usual pre-operative assessment is ap-
propriated.
In both cases• , one must consider.

The discomfort of the patient1. 
The suspicion of malignancy: impaired general status, a speedy 2. 
 expansion of the tumor which also can be the witness of an intra-
tumoral bleeding not synonymous of malignancy, a neurofi broma-
tosis.
The risk to generate any neurological impairment, and deteriora-3. 
tion, correlated to the involved nerve (sensitive, motor or both).
The suspected histology: Schwannoma or neurofi broma , the second 4. 
one being the cardinal feature of neurofi bromatosis, arising from large 
and small nerves, occurring anywhere in the body. It can progress to 
malignancy, and when removed lead to remove the bearing nerve.

A

A B

Fig. 4. Schwannoma associated to neurofi broma in the right foot of a NF1 patient. Sagittal 
T1-weighted MRI image without (A) and with (B)

A B

Fig. 5. Schwannoma of the left shoulder (sensory nerve): T1 weighted MRI without (A) and 
with (B) gadolinium enhancement
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SURGERY

1. TECHNIQUES

Surgery must be performed by a well-trained physician, and requires the sur-
gical microscope.

Is performed through the most direct approach and the least  invasive.• 
Must be conservative for the intact part of the nerve.• 
Is performed under general anaesthesia, excepted for the very distal • 
localisations.
The fi rst stage of surgery is to identify the tumor and confi rm the pre-• 
operative suspicion.
Dissection of the tumor and the concerned nerve has to be  performed.• 

A schwannoma (90% of cases) expands from one fascicule which has to be 
identifi ed proximally and distally, under optic magnifi cation. Then the well 
encapsulated tumor will be cautiously divided from the healthy fascicules. 

A

B

Fig. 6. Schwannoma of the sciatic nerve: before (A) and after (B) removal
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The bearing fascicule is then resected at least one centimeter above and below 
the tumor: This last point is important due to the fact that some small satellite 
schwannomas can occur on the same fascicule above and below the main tu-
mor. If left in situ, they former give a recurrence (Figs. 1 and 2).

In nearly all cases, 98% of the nerve will be preserved, with no functional 
defi cit (Figs. 6–8).

A Neurofi broma (Fig. 1) involves the whole nerve trunk and fascicules. Its 
removal needs to remove the bearing nerve. In many cases it develops on a 
sensitive branch which has become non functional pre-operatively, and can 
be removed “en-bloc” (Figs. 8–10).

If a major trunk is involved, such as the sciatic or the median nerves, a 
biopsy will be the best option in the majority of the cases. Resection and re-
construction will be performed later if malignancy is proved.

In case of malignant tumors (schwannomas or neurofi bromas), there is no 
consensus about extension of surgery: Some recommend to remove widely the 

Fig. 7. Schwannoma (enucleated)

Fig. 8. Neurofi broma
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nerve, including the peripheral tissues, others to  perform amputation when 
ever possible. An extensive appraisal for secondary location is mandatory (lung 
metastasis is the most frequent site).

Post-operative radiotherapy and chemotherapy have showed no effi cacy 
and the prognosis is dreadful.

After surgery histologic diagnosis must be obtained.
Lipomas must be reduced but their complete removal is most often 

 impossible: if located in an anatomic tunnel, a isolated decompression is 
 indicated.

Fig. 9. Schwannoma (Photo: Levillain, Poitiers)

Fig. 10. Neurofi broma (Photo: Levillain, Poitiers)
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Nerve ganglion cysts most often involve the peroneal nerve, about 50% of 
cases and any other. Motor defi cit, pain, and sensory changes are present in 
83%, 78% and 48% of cases respectively. A history of acute trauma is noted 
in 22%. The complete removal is the treatment of choice, but recurrences are 
described, and some of these cysts may have an aggressive behaviour with 
recurrence after a mean range of 16 months. Repeated surgery will cause 
functional sequelae.

Pseudo-tumoral nevromas are resected, and the proximal end of the nerve 
is deeply buried in the surrounding tissues (even bone) to avoid solicitation by 
small superfi cial traumatisms and skin adherence.

Rare tumors most often need biopsy, and the treatment will be later adapt-
ed accordingly.

2. RESULTS

After the schwannoma removal, pain dramatically improves in 92% of cases.
Patients are discharged one or two days following surgery, depending on 

the tumor site.
A well-removed schwannoma is cured by surgical resection.
A 2 years MRI follow-up guarantees the complete cure.
A post-operative defi cit may occur: The principal causes are due either to 

a traumatic dissection either to vascular occlusion of vessels irrigating the 
nerve and the tumor, with extensive coagulation for haemostasis. Sensitive 
defi cits have a worse outcome than motor ones. A delay of one year mini-
mum is required to defi ne the defi nitive functional status.

As previously mentioned, malignant tumors survival is poor.
The pertinent pre-operative assessment is the best way to avoid complica-

tions, thanks to an appropriate surgical procedure.

CONCLUSIONS

Diagnosis and treatment of peripheral nerve tumors requires a good clinical 
appreciation, wide knowledge of phacomatosis, and  anatomy, and a good 
surgical training.

If so, most benign tumors will be cured, with no post-operative 
 disagreement.
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MESSAGE FROM THE CHAIRMAN 
OF THE EDUCATION AND TRAINING 

COMMITTEE OF THE WFNS
A. A. DE SOUSA

AS WIDELY KNOWN, ONE OF THE MOST IMPORTANT 
AIMS OF THE WORLD FEDERATION OF  NEUROSURGICAL 
 SOCIETIES/WFNS IS TO PROVIDE HELP IN THE 
 EDUCATION AND TRAINING OF NEUROSURGEONS ALL 
OVER THE WORLD

For this purpose, it has an  Education and Training Committee: to be in charge 
of the Federation’s education and training programs by organizing courses, 
workshops and seminars in many different countries, always giving privilege 
to locations or regions were neurosurgeons should have diffi culties in traveling 
to international meetings.

It is important to mention that the WFNS Education and Training Commit-
tee was capable of achieving its present relevance and renowned status due to the 
contribution of some professionals who deserve our deepest respect and thank-
fulness. It all began back in 1991, when the Committee made a historical change 
in its philosophy as Professor Armando Basso organized, in Buenos Aires, a 
memorable event that became a reference for all the future courses. After that, 
Professor James Ausman became the Chairman of the WFNS Education and 
Training Committee and then started to organize courses in many cities around 
the world, following the standards set by the one earlier held by Basso and open-
ing ways for an education and training activity of real worldwide reach.

Later on, Professor Jacques Brotchi was elected the new Chairman, 
 followed by Maurice Choux and, then, myself. The previous work was con-
tinued as it had proved to be the right way to accomplish the goals of the 
Committee. Therefore, in the past few years the WFNS Education and Train-
ing Committee has organized from four to eight courses each year, in every 
continent and several different locations, always fi nding eager interest and 
active participation of large audiences, which proves that such initiatives are 
undoubtedly profi table in the sense education and training are meant to be.

The Faculty of the Committee, responsible for most of the lectures in the 
courses, is composed by about fi fty neurosurgeons, experts in all fi elds of 
neurosurgery and from a varied number of countries. With the kind collabo-

Keywords: education, training, neurosurgery
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ration of these professionals and the effort of the always devoted local 
 organizers, besides the participation of some local lecturers, the Education 
and Training Committee does its best in order to try to achieve one of the 
most valuable ideals of the WFNS and to spread it over the world. For sure 
the Committee could never carry on such a task without the great help of 
all the people involved with the local organization of the courses and mainly 
of the Faculty, who always kindly and promptly give not only their time and 
dedication but who also afford for their travelling expenses so as to partici-
pate in the courses. I take this chance, my dear colleagues and friends, to once 
more express my most sincere thanks on behalf of the WFNS.

Looking at all that the WFNS Education and Training Committee has done 
and at the list below, of the courses it has organized in the past years and the ones 
planned for 2009, it is almost needless to say: being its Chairman for four years 
has been a unique experience in my life. I believe that everyone who has had the 
chance to be a part of the events we organize knows how rewarding and enrich-
ing they are, and how pleasant it is for us to be able to contribute to the education 
and the training of professionals in our area who otherwise would probably nev-
er participate in international meetings. Moreover, the exchange of experiences is 
an immeasurable gain for ourselves, and something we shall never forget.

COURSES HELD BY THE WFNS EDUCATION 
AND TRAINING COMMITTEE IN THE PAST YEARS 
AND PLANNED FOR 2009

2005

Chişinǎu, Moldavia, April 29 and 30; ✓
Beijing, China, May 14 to 17; ✓
Saint Petersburg, Russia, September 2 to 4; ✓
Campos do Jordão, Brazil, October 31, November 1 and 2. ✓

2006 

Mumbai, India, January 27; ✓
Seoul, South Korea, April 11 and 12; ✓
Antiqua, Guatemala, May 8 and 9; ✓
Xi An, China, June 7 and 8; ✓
Urunqi, China, June 9; ✓
Bali, Indonesia, November 21 and 22; ✓
Ho Chi Minh City, Vietnam, December 5 and 6. ✓

2007

Dhaka, Bangladesh, February 20 and 21; ✓
Lahore, Pakistan, February 23 to 26; ✓
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Buenos Aires, Argentina, April 30, May 1 and 2; ✓
Hong Kong, China, May 27; ✓
Macau, China, May 28; ✓
Guangzhou, China, May 29; ✓
Moscow, Russia, May 30, 31 and June 1; ✓
João Pessoa, Brazil, August 1 and 2; ✓
Yaoundé, Cameroon, October 2 and 3; ✓
Sharm-el-Sheik, Egypt, October 24 to 26. ✓

2008

Montevideo, Uruguay, April 3 and 4; ✓
Dakar, Senegal, June 14 and 15; ✓
Goa, India, May 10 and 11; ✓
Baikal Lake, Siberia, September 3 to 5; ✓
Kunming, China, October 11 and 12; ✓
Bratislava, Slovakia, November 21 and 22; ✓
Taiwan, China, November 29 and 30; ✓
Kuala Lumpur, Malaysia, December 2 and 3. ✓

2009

Jordan, January 7 to 9; ✓
El Kharton, Sudan, January 11 to 13; ✓
Isla Roatan, Honduras, March 20 and 21; ✓
Salta, Argentina, March 25 and 26; ✓
Kathmandu,Nepal, probably in April; ✓
Fortaleza, Brazil, August 5 and 6; ✓
Libreville, Gabon, November 6 to 8; ✓
Yemen, date uncertain; ✓
Pakistan, date uncertain. ✓

As the Chairman of the Education and Training Committee of the WFNS, 
it is an honor and a pleasure to have this message printed in the Practical 
Handbook of Neurosurgery, a publication which, I have no doubt, is of major 
importance for practicing neurosurgeons and a helpful tool in the education 
and the training of neurosurgeons all over the world.

In the certainty the Practical Handbook of Neurosurgery will be a great 
success, I leave here my best wishes.
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Atos Alves de Sousa

Atos Alves de Sousa is Professor of Neurosurgery at Ciências Médicas Faculty in Minas 
Gerais State, Belo Horizonte, Brazil. He graduated in medicine at the Federal Univer-
sity of  Minas Gerais/UFMG, Minas Gerais/Brazil in 1972, went through specialization 
courses in neurosurgery in Brazil, France, Switzerland, and the United States in the 70s 
and 80s, and got his doctorate title in neurosurgery from the  Federal University of São 
Paulo/UNIFESP, São Paulo/Brazil, in 1999.

Besides being the chairman of the WFNS Educational and Training  Committee, he 
is presently: Professor of Neurosurgery at Ciências Médicas Faculty, in Minas Gerais 
State/Brazil; head of the neurosurgery department at Life Center Hospital, Belo 
Horizonte, Minas Gerais/Brazil; effective  assistant neurosurgeon at Santa Casa de 
Misericórdia Hospital at Belo  Horizonte, Minas Gerais/Brazil; member of the Brazilian 
Society of Neurosurgery; member of the Congress of Neurosurgical Surgeons; member 
of the Société de Neurochirurgie de Langue Francaise; corresponding member of 
Sociedad Peruana de Neurocirurgia; corresponding member of Sociedad Chilena de 
Neurocirurgia; honorary member of Sociedad Argentina de N eurociencias; honorary 
member of Asociación Guatalmateca de Cirurgia Neurologica; honorary member of 
the Cameroun Neurosurgery Society; consulting editor for Surgical Neurology (being 
the editor of its Brazilian Supplement in 2007); member of the editorial board of 
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Operative Techniques in Neurosurgery; member of the advisory board of the offi cial 
journal of the Romanian Society of Neurosurgery; member of the international advi-
sory board of the African Journal of Neurosurgical Sciences; and member of the 
international liaison and advisory board of the Offi cial Journal of the Congress of 
Neurological Surgeons.

Professor de Sousa has published 65 articles in specialized periodicals and nearly 
480 papers in event annals, in addition to being the author of 11 chapters in books and 
co-author of nearly 50 works. He has participated in about 380 international and 
national events, all of them specialized in neurosurgery. His scientifi c production and 
professional activities are focused on vascular neurosurgery.

Contact: Atos Alves de Sousa, Faculdad de Ciências Médicas de Minas Gerais, Santa 
Casa and Life Center Hospital, Rua Ceará, 600, conj. 2, 30150-310 Belo Horizonte – 
Minas Gerais, Brazil
E-mail: sousatos@hotmail.com



WHAT DO YOUNG NEUROSURGEONS 
REALLY NEED

Y. KERAVEL

• Teaching neurosurgeons in training has always been essential to maintain 
the quality of the specialty within the various health care systems throughout 
the world. The value of the university training, the importance given to the 
apprenticeship by more experienced members of the team and the level of 
the scientifi c research in neurosciences represent strong indicators of the 
level of training of the young doctors in our specialty.

There is obviously a marked disparity between so-called emerging coun-
tries and countries in which universities and hospitals can provide high qual-
ity training both in terms of basic knowledge and surgical expertise.

Several options are available to young neurosurgeons to improve this 
 situation. The fi rst possibility is to complete neurosurgical training in his/her 
own country, in a university equipped with greater resources than the one of 
hometown; but the institution’s limited training capacities may be rapidly over-
whelmed. The second possibility is to undertake training in a foreign country, 
either during residency or at end of. However, this foreign training often presents 
a number of drawbacks. In a renown unit, access to practical experience can be 
limited because of the large number of individuals in training, and the student 
may be confi ned to research work for the majority of his or her stay. On return-
ing home, it may be diffi cult for the young surgeon to be integrated in the local 
training programme, especially when he or she has been away for a long time.

• In this diffi cult context, courses organized by neurosurgical societies all over 
the world play an essential role. The marked growth in the attendance of these 
courses over the years clearly illustrates their value, despite the parallel develop-
ment of databases set up by national and international neurosurgical societies.

These training courses can consist of several forms:
teaching sessions in the frame of national congresses, which is extremely 
frequent;
whole day sessions devoted to a given theme, as satellite congresses;
national training congresses devoted exclusively to the country’s young neu-
rosurgeons;
courses lasting several days organized by international societies, for example 
the European Association of Neurosurgical Societies (EANS), the French-
speaking Neurosurgical Society (SNCLF) or the World Federation of Neu-
rosurgical Societies (WFNS).

Keywords: education, training, neurosurgery
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These training courses are becoming increasingly popular all over the 
world and the number of young neurosurgeons participating in these events 
increases each year to the point of sometimes raising local logistic problems. 
Several options are available to organize these courses; either an annual or 
biennial course is organized in a country member of the international society 
such as for the courses organized by the EANS, or a course is organized lo-
cally at the request of a national society by the WFNS with the help of lectur-
ers renowned in their respective fi elds.

• Several fi nancial diffi culties may be encountered when organizing these 
courses. The funding of travel and accommodation costs can raise problems 
for young neurosurgeons when not covered by their hospital or national so-
ciety. Travel and accommodation costs of lecturers are generally not com-
pletely funded. In the context of courses organized by EANS, SNCLF or 
WFNS, for example, the lecturer’s accommodation costs are funded by the 
hosting national society, but travel expenses are paid by the lecturer. It may 
be therefore sometimes diffi cult to recruit a suffi cient number of lecturers to 
conduct a given training course.

• Over recent years, there has been a marked increase in the number of na-
tional societies wishing to organize this type of 2- to 3-day course. The geo-
graphical distribution of these courses must be taken into account to ensure an 
equitable distribution between the various continents without favouring a 
particular country in order to avoid any diplomatic problems. These courses 
are generally organized by an education committee whose composition and 
functioning varies from one society to another.

• The many technical problems related to organization of these training 
courses, which were almost insurmountable about ten years ago, are now in 
the process of being resolved especially in terms of data processing, although 
problems of incompatibility of video systems sometimes persist.

Invited experts must understand that a lecture presented in the context of a 
training course is completely different from a scientifi c presentation at a con-
gress, as the lecturer invited because of his or her experience in a particular fi eld 
is required to provide guidelines concerning indications, technical problems, 
complications and errors to be avoided, without focussing on personal results. 
Young neurosurgeons are very often frustrated because the lecturer presents 
“before and after surgical cases”, without providing guidelines and without pro-
posing a decisional fl ow-chart. Similarly, the slides presented at this type of 
course must comprise a small number of items to avoid slides overloaded with 
graphs and/or videos which confuse the fi nal message of the presentation.

Various types of presentations must be organized: lectures by an expert on 
a specifi c topic, review of surgical techniques concerning a particular type of 
operation, presentation of clinical cases by foreign experts or local organizers, 
whenever possible, organization of a practical training day before the course 
(skull base, endoscopy, etc.).
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Courses should combine:

presentations on topics concerning the everyday experience of the • 
participants, for example: head injury, treatment of hydrocephalus, 
spinal disease or intracranial tumor;
and conferences on subjects which introduce young neurosurgeons • 
to techniques which are currently not available due to fi nancial con-
straints or limited research structures in their country (intracranial 
cerebral stimulation for the treatment of movement disorders, gene 
therapy, endovascular treatment of aneurysms, etc.)

Discussion between speakers and participants must be encouraged, as this 
aspect is often neglected in classical conferences. However, exchanges can be 
made diffi cult when the local host society does not have the necessary re-
sources to ensure simultaneous translation. When the translation is performed 
by a local neurosurgeon, the visiting lecturer must try to simplify and con-
centrate his message, which is not always positively perceived by the lecturers 
themselves.

• The interest in training of young neurosurgeons by courses and the grow-
ing attendance of these courses emphasize their important role. It must be 
stressed that national and international neurosurgical societies play an essen-
tial role.

• The reciprocal enrichment between participants and lecturers is obvious 
and the warm welcome by local organizers often leaves lasting memories for 
the lecturers, especially when they discover a country situated away from the 
usual tourist destinations.
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Yves Keravel

Yves Keravel is Chief of the Neurosurgical Department of Henri Mondor Hospital 
(Paris-Creteil). He was born in 1944 in Paris, is married and has two boys.

M.D. was obtained at the Medical School of Paris in 1973 on “The Empty Sella 
syndrome”. He was appointed Professor in Neurosurgery in 1982 and then he was 
elected Vice-Dean of the School of Medicine of Paris (1990–1998).

Among main distinctions: Founding Member of the International Association for 
the Study of Pain (1975), Président of the French Neurosurgical Society (1989–1991), 
Member of the Director Committee of the International Neuromodulation Society 
since 1996, Member of the Executive Committee of the Congress of Neurological 
Surgeons (2000–2001), President of the French Speaking Neurosurgical Society (2000–
2003).

He is member of the editorial boards of Neurosurgery, Neurosurgical Research, 
Critical Reviews of Neurosurgery, Neuromodulation.

He participated in around 200 publications of which one-third in English and has 
been editor of three books in English: Keravel Y, Sindou M (1988) Giant intracranial 
aneurysms: therapeutic approaches. Springer, Berlin-Heidelberg, Sindou M,  Abbott R, 
Keravel Y (eds) (1991) Neurosurgery for spasticity. A multidisciplinary approach. 
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Springer, Wîen-New York, Sindou M, Keravel Y, Moller AR (1997) Hemifacial spasm: 
a multidisciplinary approach. Springer, Wien-New York, 1997 and of six books in 
French: La névralgie du trijumeau (140 pp), 2 editions. Y. Keravel, B. Laurent, M. Sindou; 
Neuro-anatomie fonctionnelle de la cellule aux comportements. Vol. 1: le neurone (272 pp), 
P. Cesaro, Y. Keravel, H. Ollat, M. Peschanski, M. Sindou; Neuro-anatorme fonction-
nelle de la cellule aux comportements. Vol. 2: le cerveau et la moëlle épinière (403 pp), 
P. Cesaro, Y. Keravel, H. Ollat, M. Peschanski, M. Sindou; Neuro-anatomie fonction-
nelle de la cellule aux comportements. Vol. 5: les systèmes sensoriels (290 pp), P. Cesaro, 
Y. Keravel, H. Ollat, M. Peschanski, M. Sindou; Neuro-anatomie fonctionnelle de la 
cellule aux comportements. Vol. 6: les systèmes moteurs (372 pp), P. Cesaro, Y. Keravel, 
H. Ollat, M. Peschanski, M. Sindou; Neurochirurgie. Ph. Decq and Y. Keravel Univer-
sités Francophonoes. Ellipses Aupelf-Uref 1996. 704 pp. (Spanish edition edited in 
Mexico).

Main fi elds of neurosurgical interests are: Vascular neurosurgery (Giant aneurysms 
and intracranial fi stulas); neurosurgical treatment of chronic pain; stimulation for move-
ment disorders; functional surgery for trigeminal pain and hemifacial spasm; neurosur-
gical treatments for spasticity.

Contact: Y. Keravel, Department of Neurosurgery, Hôpital Henri Mo̧   ndor, 
51 Avenue Maréchal de Lattie de Tassigny, 94010 Creteil Cedex, France 
E-mail: ykeravel@yahoo.fr



THE ROLE OF THE WORLD FEDERATION 
OF NEUROSURGICAL SOCIETIES IN THE 

DEVELOPMENT OF WORLD NEUROSURGERY
G. L. ROSSEAU

ORIGINS OF THE WORLD FEDERATION 
OF NEUROSURGICAL SOCIETIES

The World Federation of Neurosurgical Societies (WFNS) was founded in 
Brussels, Belgium in 1955. The founding of this international federation by 
the 18 representatives of 13 national neurosurgical societies was a natural evo-
lution of the international cooperation among member neurosurgeons since 
the fi rst days of the specialty in the modern era.

Since its early days, the WFNS has grown from a few forward-thinking and 
internationally-minded neurosurgeons into a professional organization with a 
vision of providing worldwide neurosurgical education and improve the care of 
neurosurgical patients. Represented at the World Health Organization and, by 
its member societies, at surgical societies around the globe, the WFNS operates 
as the offi cial spokesorganization for neurosurgery and neurosurgical patients.

THE MISSION OF THE WORLD FEDERATION 
OF NEUROSURGICAL SOCIETIES (WFNS)

 To facilitate the personal association of neurological surgeons through-• 
out the world (Fig. 1).
 To aid in the exchange and dissemination of knowledge and ideas in • 
the fi eld of neurological surgery.
To encourage research in neurological surgery and allied sciences.• 
To address issues of neurosurgical demography.• 
To address issues of Public Health.• 
 To implement, improve and promote the standards of neurosurgical • 
care and training throughout the world.

ORGANIZATIONAL STRUCTURE

 At present, the WFNS is composed of 101 national, 5 regional and 6 • 
affi liate neurosurgical societies, for a total of 112 member organiza-

Keywords: World Federation of Neurosurgical Societies, education, training



546

G. L. ROSSEAU

tions. This represents approximately 30,000 neurosurgeons through-
out the world. The membership meets every 4 years for a World Con-
gress (Table 1).
The WFNS is governed by an Executive Committee consisting of two • 
delegates of each member society and an Adminstrative Council com-

Fig. 1

Table 1. WFNS International Congresses of Neurological Surgery

Year Presidents of WFNS Site of Congress

1957 Geoffrey Jefferson (UK) Brussels (Europe)
1961 Paul Bucy (USA) Washington, D.C. (North America)
1965 Edward Busch (Denmark) Copenhagen (Europe)
1969 Earl Walker (USA) New York (North America)
1973 Keiji Sano (Japan) Tokyo (Asia)
1977 Gosta Norlen (Sweden) Sao Paulo (South America)
1981 Charles Drake (Canada) Munich (Europe)
1985 Willem Luyendijk (The Netherlands) Toronto (North America)
1989 Kemp Clark (USA) New Delhi (Asia)
1993 Lindsay Symon (UK) Acapulco (Latin & North America)
1997 Armando Basso (Argentina) Amsterdam (Europe)
2001 Madjid Samii (Germany) Sydney (Asia)
2005 Edward Laws (USA) Marrakech (PAANS)
2009 Jacques Brotchi (Belgium) Boston (North America)
2013 Peter Black (USA) Seoul (South Korea)
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posed of offi cers of the Federation, who serve 4-year terms. The goals 
of the WFNS are pursued by the Scientifi c, Standing, and Ad Hoc 
committees of the organization.

WFNS ACTIVITIES

The WFNS achieves its mission through its educational, philanthropic and 
communication activities.

One of the most important activities of the WFNS is the organization • 
of Educational courses. Offered 6–10 times per year, these courses 
bring updates in standards and techniques to neurosurgeons of mem-
ber societies throughout the world. Practical, hands-on courses and 
“How I Do It” sessions offer the opportunity for neurosurgeons to 
practice and update their technical skills, while didactic courses present 
the latest scientifi c information available in the applied neurosciences. 
WFNS courses may be requested in writing from any member soci-
ety and are arranged based on need and geographic considerations. 
Recognizing the huge disparity in neurosurgical manpower between 
different regions around the world, the WFNS locates the vast ma-
jority of these courses in areas that are under-served geographically. 
WFNS volunteer faculty pay their own transportation costs to the 
course locations.
Through its philanthropic arm, the WFNS Foundation, the or-• 
ganization provides training and material aid to neurosurgeons in 
 developing nations. Through training centers in Rabat, Morocco; 
Recife, Brazil; and, recently, Dakar, Senegal, the WFNS Foundation 
provides additional training to senior residents from the develop-
ing world in the use of techniques and equipment which may not 
be currently available in their own training center. The Foundation 
also offers a number of fellowships each year to residents and recent 
graduates who wish to pursue subspecialty training abroad in areas 
such as trauma, radiosurgery, cerebrovascular surgery, and cranial 
base surgery.

In addition, the WFNS Foundation provides high quality equipment, in-
cluding operating microscopes, bipolar cautery and basic surgical instrument 
sets at low costs to applicant neurosurgeons operating at public and univer-
sity hospitals in the developing world.

The • offi cial website of the World Federation of Neurosurgical Socie-
ties, www.wfns.org is the main instrument of communication with 
and between national and continental neurosurgical societies. This 
interactive and intuitive website has been a major force in linking the 
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neurosurgeons of developed and developing nations. The site includes 
details on the WFNS mission and activities, announcements, book 
 reviews, a World Calendar of educational courses, history of the soci-
ety, as well as the free on-line journal, World Neurosurgery. Applica-
tions for fellowships and equipment donations, as well as submissions 
to the journal and book reviews and calendar events may all be found 
on the website.

CONCLUSIONS

The World Federation of Neurosurgical Societies is the offi cial organ of neu-
rosurgery throughout the world. Composed of member societies, rather than 
individuals, it represents the educational and philanthropic goals of over 
30,000 neurosurgeons throughout the world. It has a rich and successful 50-
year history of international neurosurgical cooperation for the improvement 
of public health throughout the world.
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Gail L. Rosseau

Gail L. Rosseau, M.D., is Chief of Surgery at the Neurologic and Orthopedic Institute 
of Chicago (NOIC) and Director of skull base surgery services at the Chicago Institute 
of  Neurosurgery and Neuroresearch (CINN) in Chicago, Illinois. She is a Member of 
the Department of Neurosurgery at Rush Medical College, Rush University Medical 
Center, Chicago, Illinois. She is board certifi ed and has been an examiner for the Ame-
rican Board of Neurological Surgery.

Her practice includes a wide range of neurosurgery, with special expertise in ca-
ring for patients with cranial base disorders. This includes extensive experience with 
pituitary tumors, meningiomas, acoustic neuromas, and head and neck malignancies. 
She is the author of dozens of papers, numerous invited lectures and courses in these 
topics.

Dr. Rosseau did her neurosurgical residency training at George Washington Univer-
sity in Washington, DC. after graduating from medical school at that institution. She 
completed a fellowship in cranial base and microvascular surgery at the University of 
Pittsburgh. She writes and speaks often both in the U.S. and abroad on neurosurgical 
topics. Her most frequent subjects include innovative treatments for patients for pitui-
tary tumors, trigeminal neuralgia, meningiomas and normal pressure hydrocephalus. 
She was a pioneer in the use of minimally invasive endoscopic surgery for treatment 



550

G. L. ROSSEAU

of pituitary tumors. Her current research funding is for clinical trials in breast cancer 
metastasis and idiopathic normal pressure hydrocephalus.

Dr. Rosseau is the recipient of many honors and awards, including Chicago Woman 
 Mentor of the Year and the American Association of Neurological Surgeons/American 
College of Surgeons Health Policy Fellowship. She has been listed in Best Doctors in 
America, Who’s Who in America and the Consumer Research Council’s Guide to Top 
Surgeons. She has served on the FDA  Advisory Council for Neurological Devices. She 
has served in a number of leadership positions in organized neurosurgery both natio-
nally and internationally. Dr. Rosseau is frequently quoted in news articles relating to 
neurological sciences and health. She has appeared recently on the public broadcasting 
network medical program, Second Opinion and 60 Minutes II. She has appeared on 
 national and local network television and radio programs, as well as print media.

She devotes considerable time to philanthropic endeavors. She is the volunteer co-
ordinator of the Foundation for International Education in Neurosurgery, which sends 
volunteer neurosurgeons to the developing world. She is on the Board of Directors of 
the World Federation of Neurosurgical Societies Foundation, which raises funds and 
donations-in-kind to provide equipment for neurosurgical services in the developing 
world. She has launched a program in Religious Pluralism in Chicago to improve inter-
faith relations.

With her children, Natalie, age 13 and Brendan, age 11, she has launched a head and 
spine injury prevention initiative for children in French-speaking Africa. She provides 
ongoing leadership to a number of people interested in the neurosciences as a career. 
She and her husband, Rick, an orthopedic surgeon, enjoy history, French language and 
culture, and marathon running.

Contact: Gail L. Rosseau, CINN at the Neurologic & Orthopedic Hospital of 
Chicago, 4501 N. Winchester Ave., 2nd fl oor, Chicago, IL 60640, USA
E-mail: grosseau@neurosource.com



EPILOGUE

A bottle to the sea, …

Dear friends, we have travelled together through major fi elds of 
Neurosurgery.

We hope the reading of these ninety-nine chapters, written by well-
recognized experts and at same time leading neurosurgeons, has been of inter-
est and will benefi t to your patients. Authors have to be acknowledged for 
having brought the best of their experience; they have stressed on “How to do 
the surgery” and “How to avoid complications”.

We wish the book will serve the Neurosurgical Community, and will be 
recommended by Educational Committees.

Knowledge is regularly improving; techniques are constantly evolving. The 
new generation who builds at present modern neurosurgery, has to prepare 
settling the next of this endeavour.

Dr. Marc Sindou, M.D., D.Sc.
University of Lyon

Editor
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