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PREFACE

“Practical Handbook of Neurosurgery” invites readers to take part in a journey
through the vast field 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 subfields 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 figures 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.



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 sacrificed their
valuable time to deliver sound and critical views, and above all useful guide-
lines. We would also like to acknowledge 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.

Vi
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MICRONEUROSURGERY: PRINCIPLES,
APPLICATIONS, AND TRAINING

M. G. YASARCIL

THE IMPACT OF MICROTECHNIQUES
ON THE DEVELOPMENT OF NEUROSURGERY

To fully discern and accept the significance 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 finally reached, allowing light microscopes to resolve two points
only 0.2 pm apart. With the exception of some very unusual immersion fluids
or ultraviolet light, the above remains the limit today [1]. The electron micro-
scope (1932) and scanning tunneling technology (1981) finally 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

w

. 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”.

. 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 specific surgical neuroanatomy, acquiring proficiency 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.

. Microtechniques present a significant and unequivocal advance in neurosurgery.
. 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 1938 Tullio-Zeiss/Jena Binocular, floorstand
Zehender
1899 Axenfeld 1953 OPMI 1 Binocular, floorstand
1910 Telescopic binocular Littman (Zeiss/Oberkochen): (later ceiling
loupe/Zeiss mounted changeable magnification)
1911 von Hess stereoscopic vision in sharp
focus through narrow surgical corridors;
1913 von Rohr and Stock coaxial light; beam-splitter: observer
1948 Riechert tube, cameras
1951 Guiot 1960 Li.ttmann (Zeiss/Oberkochen) Binocular
diploscope
1965 Drake 1972 Heller-Schattmaier-Yasargil Binocular,
floorstand

(Contraves): counterbalanced
stand; floating movements; mouth
switch to release the brake system;
electrical eyepiece warmer

1992 Hensler-Yasargil (modified Zeiss
Contraves floorstand stand attached
to an OPMI F1, Zeiss microscope optic)
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Good illumination, stereoscopic vision, magnification 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 field 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 fixed
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 first 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 10x Leitz magnifier
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 finally 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 floating 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 field, and remains well in
focus then continues the flow 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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Vo
(57

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

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
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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 first successful anastomosis between the su-
perficial 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 fine caliber vessels, and therefore precise hemostasis was as-
sured. Surgical tactics, the planning of a procedure, the concepts of operating
were influenced 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 2cm to 13.5cm working length
(2cm and 3.5 cm for surface work, and longer forceps as dissection progresses
deeper). A bayonet shape avoids the surgeon’s hand blocking the field 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 itis 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 flap

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
(20-135mm 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 (50-135mm 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 five 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 fissure, 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 field, the nature of the dissection and consist-
ency of the tissue and the fluids 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 emulsified tissue 1-2 mm from the
tip, and is most efficient for all types of tumors.

Frequent irrigation of the operative field with fluid at 37°C minimizes tissue
adhesion to instruments, removes blood and tissue debris, and maintains a clear
operative field. 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 fluid constitutes a simple, non-injurious retractor, positioned, for
instance, between tumor capsule and normal tissue. During dissection of the
Sylvian fissure, interhemispheric fissure, cerebral sulci, cerebellopontine cis-
tern for example, moistened cotton balls are placed, one at each end of the
fissure, 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 fluids (CSF or
blood), (4) fluid 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 firm the position.

4. VESSEL AND ANEURYSM CLIPS [116, VOL. 1]

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 field, 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 flat 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 configurations 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)

. Complete elimination of the lesion: “pure lesionectomy”

. 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 specific transosseous windows to the skull

Hw
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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 first 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 field 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 field of microneurosurgery. Other advances of note such as
the use of tumor fluorescence, using 5-aminolevulinic acid or autofluorescence,
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 confidence. 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 proficiency
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 qualified method to determine a diagno-
sis and define 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 fibers 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 confirmed
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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
findings 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 defined 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 definition of the subarachnoid space as consisting of a
freely communicating channel for the flow of CSF is an inadequate explana-
tion, and fails to correspond to the findings at operation under the micro-
scope. The arachnoid partitions the subarachnoid space into relatively discrete
chambers, possibly retarding and directing the flow of CSE. 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

/h
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Fig. 2. Original figure 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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Fig. 3. Artist’s impression of the left-sided infratentorial cisterns with the structures they
encase (I 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

in their natural physiological state, fully distended with CSE. 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 1” 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 defined 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
fibers and trabeculae [124].

13



M. G. YASARGIL

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 (O1-03),
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 specific 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 insufficient data and fails to
define 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 basal 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 infiltrative man-
ner is not a convincing hypothesis. Glial tumors compress and displace but
do not infiltrate into or follow connective fibers, and they do not transgress
connective fibers 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 efficient treatment regime to a successful and beneficial 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 field 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 final hurdle in skull base surgery has finally 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 first to enter the cavernous sinus for the purpose
of treating internal carotid artery aneurysms and carotid cavernous fistulas,
controlling venous bleeding with Surgicel and compression [17, 18]. His tech-
nique has been refined (in part with the advent of fibrin 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 field. This became possible with
the combined application of the operating microscope, bipolar coagulation,
microinstruments and microsutures, later complemented by ultrasound flow-
metry and fluoroscopy. M1croneurosurglcal 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 confidence and dexterity

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

Aneurysms (see Microneurosurgery, vols. | and Il)

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, deflation and neck creation of dysmorphic saccular
aneurysms using bipolar coagulation techniques, temporary and pilot clips (see
Figure 208A-B in Microneurosurgery, vol. |, 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. IlIA, B)
Perilesional helical exploration, identification and elimination of the feeding arteries

Temporary microclips of the small periventricular perforating arteries, bipolar
coagulation

Consideration of specific 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 deficits should always be operated. Applying microtechniques they can
be precisely explored and removed, saving adjacent venous anomalies

(see Microneurosurgery, vols. IlIB and IVB).
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in cerebrovascular microsurgery and advance techniques, because ultimately,
surgical therapy provides the most definitive 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 dlsease, indications for EC-IC bypass requires
careful evaluation and assessment [7]. However, a certain group of patients
with compromized hemodynamics due to an insufficient 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 benefit
[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 fissure 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 fixation 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 superfluous 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 field 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 defined 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; finally, 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 confidence 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
filling 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
fissure, suturing microanastomoses, dissecting and clipping artificial 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 field of
neurosurgery, and in creating innovative ideas and initiating sound concepts
for the benefit 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 refine a knowledge of anatomy. Hands-on laboratory dissection
courses and individualized cadaver dissection opportunities are excellent
means for fine 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 fluctuating objectives. In the field 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 leswns,
(gliomas, arteriovenous malformations, and cavernomas) to the adjacent
white matter tracts. Preoperative neurosurgical planning and postoperative
assessment of lesionectomy are defined according to the relationship of fiber
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
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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, infiltrated, 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
findings corroborate well with the concept that “glial tumors grow initially
from a focus of abnormal cells in the white matter, in specific 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 fibers. It is important to remember that the white
matter consists not only of myelinated and unmyelinated fibers, but also of
migrating stem cells, microglia, a specialized capillary and arachnoidal sys-
tem, CSF channels, and a cellular and fluidal 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 fulfillment
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 flourishing. During the second half of the last century and the past few
years, this field 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 first 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
Vlsuahzmg tool in more neurosurgical approaches.

Aiming to clarify the evolving role of the endoscope in neurosurgery, the
historical background of neuroendoscopys, its past and recent applications in
the field 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 field 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: difficult handling of the instruments, restricted maneuverability, difficult
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 field 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 first simple model, the “Lichtleiter”, an eye piece and
a mirror reflecting 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 field [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 first to consider the documentation ability of the endo-
scope via photography and the first 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 first 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 benefits, considering the available facilities at that time.

It seems that the field 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 fibers attached to the telescope”, that has been shown for the first 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 fiberscope. Karl Storz inspired these two
main ideas. We have come finally 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 field 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 identified with the role of
T. Fukushima, who in 1973 reported the use of a ventriculofiberscope 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 field;
(i1) better definition of the anatomical details because of the use of high-defini-
tion lenses and the closer view of the scope that allows an augmented definition
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
fine understanding of all the lights and shadows of the image, with fixing 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 classified either as
fiber-optic endoscopes (fiberscopes) or rod lens endoscopes. The endoscopes
specifically designed for neuroendoscopy can be classified into four types:
(1) rigid fiberscopes, (ii) rigid rod lens endoscopes, (iii) flexible fiberscopes,
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Fig. 1. Example of flexible endoscope

(iv) steerable fiberscopes. 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 fibers permit the steerable fiberscopes 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 fibers, 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 s 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 fibers. 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
(1mm) different flexible 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
fiber 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
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Fig. 2. Example of rigid rod-lens endoscope, zero-degree and angled lenses

very useful in neuroendoscopy. The 0° scope provides a frontal view of the
surgical field 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
field. 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 fine 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-definition (HD) technology, which
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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 field,
of the lesion and its relationships with the surrounding anatomical structures.
A full HD 16:9 flat 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 field through a connecting cable made of glass fibers. 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 6000K, which is “whiter” than the classic halogen light (3400 K). The
power of the unit is commonly 300 W. The flexible connecting cable is made of
abundle of glass fibers 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 fibers, 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 first point, while
the microscope produces magnification from a distant lens, and light is
transmitted from the lamp of the microscope to the surgical field, 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 field. The instruments are inserted blind in the surgical field 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
conflict between the surgeon’s hands, the endoscope and other instru-
ments that may be present in the same corridor;

e allow the surgeon to work in every visible zone of the surgical field
provided by the endoscope.
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3.4 Bleeding control

One of the most difficult 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
identification 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-
tifiable. 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, 2cm away
from the midline. The foramen of Monro is identified 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
floor are recognizable: mammillary bodies, infundibular recess and the tuber
cinereum (Fig. 4). The floor 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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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 floor 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
(TO) are recognizable

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 briefly 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 identified
filling 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.
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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

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

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.
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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

Fig. 8. Pre-operative (A) and post-operative (B) axial MRI of a case of a colloid cyst of the
Il ventricle

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
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Fig. 9. Schematic drawing of the technique of fenestration of a paraventricular
arachnoid cyst

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 (18cm 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
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Fig. 10. Pre-operative (A, C) and post-operative (B, D) contrast-enhanced sellar MRI of a
case of intra-suprasellar pituitary macroadenoma

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 (30cm in
length, 4 mm in diameter) can be used and fixed to an autostatic holder. The
sellar floor 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 floor 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-

43



E. DE DIVITIIS

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

ter properties, permitting a wider vision of the surgical field, with a close-up

“look” inside the anatomy. The whole procedure is less traumatic. No post-
operative nasal packing is necessary thus improving significantly the patient’s
compliance [6].

With this standard transsphenoidal approach, however, it is difficult to
provide complete visualization of the extrasellar lesions. To overcome this
limitation, modifications of the approach have been developed for the re-
moval of such lesions. The so-called extended transsphenoidal approach is a
modification 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].
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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 reflects
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:
(1) there is a steep learning curve before becoming confident with the pecu-
liar neuroendoscopic anatomy; (ii) the initially reduced ability makes opera-
tive times longer (several hours during the first attempts); (iii) the endoscope
provides bidimensional, flat 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 difficult to obtain.

HOW TO AVOID COMPLICATIONS

Reducing the complication rate to 0% is a goal that is most of the times quite
itficult to obtain. More realistic are the efforts towards minimizing the com-
difficult to obtain. M list the efforts t d g th
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.

1. The first important recommendation is to dedicate time and efforts
to perform anatomical dissections and attend hands-on workshops to
become confident with the surgical anatomy, fix the landmarks, learn
how to handle the instruments and the endoscope, etc.
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2. Play video games. In fact, it has been demonstrated that playing video
games improves the eye-hand coordination, which is basic in endo-
scopic surgery.

3. Learn from the others’ experience and try to avoid the complications
already described.

4. Avoid quick movements in proximity to the surgical target.

5. The correct function of each component must be always checked be-
fore surgery.

6. Two complete sets of each endoscopic component should be available
for each operation.

7. Work bimanually during the crucial steps of the endonasal procedure.

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 first 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 MRIL.
These new techniques prompted further evaluation of stereotactic radiosur-
gery, a field envisioned by Leksell in 1951. His concept that ionizing radia-
tion could be cross fired 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 field of
neurosurgery [1-3, 6-13].

Our efforts at the University of Pittsburgh began in 1987 with the intro-
duction of the first 201 source Cobalt-60 Gamma knife, which was the fifth
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 first 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 refined the role of more invasive surgical tech-

Keywords: radiosurgery, Gamma knife, image guided radiosurgery
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Fig. 1. The Leksell Perfexion Gamma Knife

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 first
tested. Long-term outcome studies have confirmed the benefits 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 confirmed the role of
Gamma knife radiosurgery in the management of many benign skull base tu-
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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

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 benefits of obser-
vation, alternative surgical techniques, the potential role of fractionated radia-
tion therapy and chemotherapy (for malignant tumors) in comparison to what
defined benefits 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-
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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-benefit 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 defined 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 significantly 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
defined 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 confirm 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 briefly 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 flow 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 beneficial. For dural vascular malfor-
mations, radiosurgery followed immediately by embolization of the fistulous
connections is a better staged strategy that provides both short term (early
embolization benefit) 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 confirmed 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 fixation (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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Fig. 3. Dose plan for an acoustic neuroma

ingiomas, but such tumors require multimodality management. Outcomes may
require multiple surgical procedures, SRS, and fractionated radiation therapy.

Pituitary adenomas are generally managed first 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 8-10Gy
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
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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 benefits 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 confirmed 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 confirm
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 defined with high defini-
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 defined by volumetric MRI including 1 mm T2 volume
slices to define the nerve. In selected cases CT imaging is used to define 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 first 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-
tified by high resolution MRI. As a closed skull procedure physiological
confirmation of the anatomically defined target is not possible. If bilateral
symptoms are noted, we typically wait at least one year before proceedmg
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 4-6mm 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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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

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 final 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.
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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 modified 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,
modified by the volume and the radiobiological response. Fortunately, mul-
tiple outcome studies have now confirmed 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 significantly 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-benefit analysis are criti-
cal in the selection of any neurosurgical procedure. Radiosurgery using the
Gamma knife represents an important technology that is now firmly estab-
lished in the field 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 first recognizable description in 1614
and the first successful surgical removal was by Pecchioli in Siena in 1847 [10]. It
was Cushing in 1922 who decided to group many previous meningeal 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 deficit; however, for large meningi-
omas or for atypical and anaplastic meningiomas, there may be significant
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 field 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 inflammation such as sarcoidosis. They may cause signifi-
cant hyperostosis of overlying bone, a feature that confirms meningioma as
the diagnosis (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 definitively.

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 five-year period [13]. Our general approach
is to observe many convexity meningiomas as the first 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:

Symptoms attributable to tumor compression
Demonstrated growth with sequential scans
Size over 4cm diameter

Apparent invasion of brain

Significant peritumoral edema

Patient preference

Need for diagnosis

Nk e

Our decision-making algorithm is as follows:

Decision making in convexity meningiomas

Imaging shows presumed
meningioma with dural based
enhancing lesion

Patient symptomatic or_tumor diameter over 4cm or
irregular margin with brain or significant edema or patient
wishes surgery

Patient asymptomatic and tumor diameter less than 3cm,
especially in patient over 65 and smooth margin without edema;
Or patient does not consent to surgery or is medically unstable
or unsuitable for surgery

And: patient is medically stable and consents to surgery

| l

Surgery with the goal of complete removal but preservation Observe with CT or MR scans every 6-12 months or

of cerebral veins around tumor and of the cortex longer with stability demonstrated

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 flap planning and
identification 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 5cm
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 field and that posi-
tion is maintained with three-point skull fixation. 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 flap 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 flap 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 flap 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 finding 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
arecurrence 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 five 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 first 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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Algorithm for adjunctive therapy after convexity meningioma removal

| Surgery to achieve complete removal |

— o

h 4

Complete removal or Residual or no Residual or no
residual tumor by
postop imaging,
grade 1 tumor

residual tumor, residual tumor,
grade 2 tumor grade3 tumor

}

Observe with mri or CT scans every
Year; if growth, radiation or
reoperation

Radiation; if further recurrence,
consider reoperation

4. COMPLICATIONS

In our series, there was no surgical mortality. The overall surgical morbidity
was 5.2%: Complications included new neurological deficit 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 significant 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 deficit 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 ], 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 Y], 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]1 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. ] 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. ] Neurosurg 105: 538-543

69



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 five 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

70



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 superficial 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 sacrifice 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-
ficed 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 affluents
drains toward the opposite side.

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

2. THE SUPERFICIAL CEREBRAL VEINS

Any of the superficial cerebral veins of a certain calibre has presumably a func-
tional role. However, as shown by experience, some of them are more “danger-
ous” to sacrifice than others. The superficial veins belong to three “systems”: the
midline afferents to the SSS, the inferior cerebral afferents to the TS and the su-
perficial 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. Sacrifice of the midline central group is risky.
The sacrifice 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 superficial 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 sacrificed 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 superficial 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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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 configura-
tion), interruption of either one entails high risks for hemispheres, deep cerebral structures
and Labbé vein(s)

of vein of Labbé, especially in the dominant hemisphere, is mandatory to
avoid posterior hemispheric infarction.

The superficial 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. 3. Variations of superficial 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 superficial sylvian vein territory (through Trolard anastomotic vein).
C The lateral sinus is predominant; it drains almost all the superficial sylvian vein territory

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

the juxtabasal temporal veins downward. It enters predominantly the cavern-
ous sinus, either directly or through the sphenoparietal sinus. Many variations
are possible. Sacrificing the superficial 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 superficial venous system (see details and literature
quotations in references 3, 10, 11]) (Fig. 3, 5, bottom).

»
'

Fig. 5. Top: Deep cerebral veins and landmark of the interventricular venous confluence. DSA
by carotid injection, venous phase, lateral view. The interventricular venous confluence (cir-
cle) is formed by confluence of the septal veins (2), caudate veins (3, 4), and thalamo-striate
veins (5). Confluence gives rise to the internal cerebral vein (7). On lateral view, this confluence
has an almost constant situation and corresponds to the interventricular foramen of Monro.
This point may contribute a useful anatomical imaging reference. (Confluence of internal
cerebral veins and basilar veins [B] gives Galen vein [C]. Bottom: Superficial 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 confluence (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
confluence (circle), torcular (T) and jugular foramen (J). (3) The triangle corresponding to the
anterior sylvian group (ASV) is delimited by the interventricular confluence (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
confluent of Galen (Fig. 5, top). The denomination of venous confluent 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 sacrifice 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-
fied in this approach. Consequences vary depending on the authors: from
little or none to venous infarction of basal ganglia. Because consequences can
be severe, sacrificing the thalamostriate vein is justified 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 sacrifice 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 sacrificing 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
sacrifice to brain retraction entails significantly 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 sacrifice, 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 flow by stretching
the bridging veins, and thrombosis of veins if compression of the retractor or
a cotonoid is prolonged.

Excessive brain retraction can be avoided by specially designed approach—
es obeying two principles: the one of minimally invasive opemng 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 field-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 five minutes
every fifteen minutes is considered beneficial.

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 10-20mm
[13]. It also may happen that a big vein inside a fissure 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 justified to at-
tempt its preservation. If conservation seems difficult, before deciding sacrifice
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 fixed with a 10-0 monofila-
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-
ficient, obliteration of the wound can be made by a very localized microco-
agulatlon 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 prlme importance to determine surgical strategy especially in

“difficult 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
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INTRODUCTION

Subfrontal approaches were first proposed and described by Horsley and
Cushing in the early beginning of neurosurgery. These approaches were
mostly bifrontal flaps 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 first
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 flap including nasal pyramid and orbital
rims. We first used it for removal of ethmoidal tumors such as adenocarcino-
mas but we rapidly discovered the large field of vision given by this approach
for anterior cranial fossa, ethmoidal, sphenoidal and maxillary sinuses, inter-
nal part of the orbit and cl1vus 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 flap 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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Fig. 1. Compared angles of access for classical subfrontal transcranial and SFON approach-
es showing minimal retraction and larger view for the latter

be adapted and extended as function of the areas to reach, laterally, upwards or
downwards. This highly adaptable approach can be qualified 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 prefixed location of the chiasma which may limit dramatically the access
to the concerned lesion.

SURGERY
1. POSITIONING

Patient is placed supine, the head fixed in median position and the neck slight-
ly flexed 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
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Fig. 2. Operative supine position with the head fixed in median position and the neck
flexed slightly to elevate the head (drawing by Marc Harislur)

Fig. 3. Pedicled pericranial flap

from the skin starting 3cm behind the orbital rims, thus sparing both su-
praorbital nerves.

3. GALEA FLAP

An anterior pediculated galea and pericranial flap 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 8-10cm laterally and 10-12cm
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 flap 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
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Fig. 4. Desinsertion of nasal pyramid with exposition of orbital rims and supraorbital
grooves

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 field. Supraorbital pedicles are gently detached from both supraorbital

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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Figs. 7-9. Scheme of craniofacial junction showing the location of the bone flap

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 flap (Figs. 7-9). Upper part of the flap is performed with the
craniotome starting from the burr hole towards both orbital rims. A flexible
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 flap 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 flap 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 flap 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-
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Figs. 10-13. Line of section of the frontal bone (mediofrontal osteotomy) and the nasal
pyramid

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.
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Figs. 15, 16. Frontonasal flap before and after removal

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
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Fig. 17. Dura opening leading to basal access

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 fluid leakage and
rhinorrhea. Then peripheral suspension and tenting of the dura is performed.
This closure is doubled with the pediculated galea flap which is reclined on
the base and the cranialized frontal sinuses and pasted to the dura with fibrin
glue and a few stitches.

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

Bone flap 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 MRl show-
ing complete removal
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Figs. 23-25. Case 2: Olfactive meningioma. Fig. 23. Preoperative MRI. Fig. 24. View of
the operative field before opening dura. Fig. 25. Meningioma inserted on the anterior skull
base with direct access to its insertion

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 (first
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 flap which is reclined onto the cranial base (especially the
dura of the base which can be dehiscent) and secured to the dura with fibrin
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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)

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 sufficient.

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
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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 fibrin glue. If necessary, sacrifice 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 fixation
of the bone flap 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
field 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 first 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 benefits 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]. Yasargil 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 define 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-
ification 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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Fig. 1. Example cases that benefit 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 angiofibroma with involvement of the
middle fossa and infratemporal fossa. D Basilar tip aneurysm

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-
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Table 1. Tailoring of the cranio-orbital approach

Location of the lesion Extent of osteotomy

Suprasellar lesions
Parasellar lesions, cavernous sinus

Superior orbital rim

Superior lateral orbital rim and
zygoma

Petrous apex

Floor of middle fossa

Frontal sinus, planum sphenoidale

Cavernous sinus, upper clivus
Retropharyngeal, infratemporal
Sphenoid sinus, anterior clivus

Wy 1

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
fluid CSF removal relaxes the brain avoiding brain retraction during the ex-
tradural dissection. Approximately 25ml of CSF is gradually drained with
the aid of flow 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 fixed in three point Mayfield 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 flap is turned with care to preserve the superficial temporal
artery that remains on the temporal muscle. The scalp flap is reflected 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 superficial 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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Fig. 2. Position of the patient on the operating table. A lumbar drain has been placed in
the lumbar region. The Mayfield headframe is positioned to avoid obstruction to the sur-
geon. The head is slightly extended and rotation 20° to 30° 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, specifically the frontalis
branch as it crosses over the zygoma. Needle electrodes have been placed for cranial nerve
monitoring

dissected from the muscle fiber, the superficial fascia, fat pad along with the
deep fascia are retracted with the skin flap anteriorly (Fig. 3).

3. THE PERICRANIUM
The pericranium is then dissected behind to the skin flap and incised as far
posteriorly as needed. The large pericranium flap is reflected forward over

the scalp flap. Its intact and vascularized base is dissected free from the roof
and the lateral wall of the orbit. This vascularized pericranial flap is crucial for
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Fig. 3. Top inset The skin flap is dissected sharply from the underlying pericranium and
reflected 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 flap is reflected forward maintaining
a wide anterior base, which preserves its vascular supply. An incision is made through the
superficial and deep temporalis fascial layers. Right inset The completed subfascial inci-
sion showing preservation of the frontalis branch within the fat pad

repairing the floor of the skull base and covering the frontal and ethmoid
sinuses at closure to avoid CSF leak. As the intact base of the pericranial flap
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 superficial temporal artery
course and lifted in subperiostial fashion from the temporal fossa in its en-
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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 flush with the malar eminence anterior and at the root of the arch
posterior. Main panel The temporalis muscle is reflected inferiorly with the zygoma

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 floor 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 floor, 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 floor 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
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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 flush 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 flap.
Although this can be cracked, we strongly recommend against this practice
because the fracture line is inconsistent and may involve the superior orbital
fissure 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 floor 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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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
flap to prevent enophthalmos. Care must be taken to avoid injury to the superior orbital
fissure. 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 I, VI, IV, respectively. The dura is opened in a curvilinear fashion and reflected
anteriorly

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 flap, 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 fissure (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).
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Fig. 7. Main panel The remaining bone of the superior and lateral orbital walls is re-
moved exposing the orbital apex and superior orbital fissure. 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

7. EXPOSURE OF THE PETROUS ICA

Starting posteriorly and working anteriorly, the dura along the floor of the
middle fossa is elevated. By following the middle meningeal artery, the fo-
ramen spinosum is identified and the middle meningeal artery is cut as it
exits the foramen. Just medial to the foramen spinosum, the greater and
lesser superficial petrosal nerves are identified (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 fissure (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
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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 identified 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

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
floor and also exposes the lateral wall of the cavernous sinus. Elevation of the
dura further medially and posteriorly along the middle fossa floor allows
identification of the arcuate eminence, which is the landmark of the superior
semicircular canal (SSC). Unfortunately, the precise position of the SSC can
be difficult 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 floor will allow identification
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, specifically the petro-
clival region, is visualized. Removal of the floor 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 floor 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 IIL, IV, and VI. The dura is opened in a curvilinear
fashion and reflected anteriorly.
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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 flap to occlude dead space, thereby avoiding epidural flu-
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 flap 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 flap using craniofa-
cial miniplates. Reconstruction of the orbit reduces long-term enophthalmos.
The bone flap 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 flap, necrosis resulting from
vascular insufficiency is rare; however, aggressive coagulation of superficial
vessels, the application of strong hemostatic clips to the skin edge, or acute
folding of the skin flap can interfere with the blood supply and subsequently
cause flap 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 deficits [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 field after use in the sinus, we have experienced few compli-
cations specifically related to these maneuvers [2, 9].

Dissection of the middle fossa floor presents a specific 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
difficult field 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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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 fissure

each side of its central part, the cavernous sinus extends from the medial end
of the superior orbital fissure 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:
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. Optic canal — formed by the anterior and posterior root (optic strut)

of the lesser wing. The optic strut separates the optic canal from the
superior orbital fissure. The optic nerve (ON) (CN II) and the oph-
thalmic artery course through the canal.

. Superior orbital fissure (SOF) — located between the lesser and

greater sphenoid wings. The SOF contains the oculomotor (CN
I1T), 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,

contains the maxillary (CN V, V2) and ovale for the mandibular
(CNV, V3) nerves.

. Foramen spinosum — posterior and lateral to the foramen ovale,

contains the middle meningeal artery.

. Trigeminal impression —located in the petrous apex, contains Meckel’s

cave and the semilunar ganglion (trigeminal or gasserian ganglion).
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6. Upper surface of the petrous bone — presents two grooves for the
greater (GSPN) and lesser (LSPN) superficial petrosal nerves. These
nerves can be confused with dural strands of the middle fossa floor
and are difficult to dissect.

7. Carotid window — the most anterior segment of the intrapetrous ca-
rotid artery, covered by a thin bony plate in 75% of our specimens,
and by the periosteum only in the remaining 25%.

8. Tensor tympani and eustachian tube — located medial to the foramen
spinosum and lateral to the horizontal segment of the petrous
carotid.

9. Arcuate eminence — situated posteriorly in the upper surface of the
petrous bone, marks the location of the superior semicircular canal.

10. Kawase’s triangle (posteromedial middle fossa triangle) [8, 9] — the
anterior limit is defined by the lateral border of V3 and the gasserian
ganglion. Posteriorly, it is defined by a line parallel, and 13 mm pos-
terior, to the anterior border. The medial limit corresponds to the su-
perior petrosal sinus and the lateral limit is marked by the horizontal
segment of the intrapetrous carotid and overlying GSPN.

11. Glasscock’s triangle (posterolateral middle fossa triangle) [4] - locat-
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 classified in accordance with their
anatomical origin from intracranial or extracranial surfaces. By bony ero-
sion, or growth through natural openings/canals, foramina, or fissures of
the floor of the middle fossa, tumors can extend from one compartment to
another.

2.1 Intracranial tumors
1. Intradural - meningiomas, schwannomas, epidermoids, dermoids
2. Extradural - chordomas, chondrosarcomas, metastases

2.2 Extracranial tumors

1. Infratemporal fossa - juvenile angiofibromas, fibrous dysplasias
2. Pterygopalatine fossa - juvenile angiofibromas
3. Parapharyngeal space - carcinomas
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4. Orbital cavity - 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 confined to the middle third of the sphenoid wing. C Pterional global men-
ingioma in the outer third of the sphenoid wing
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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 fissure.

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 confined 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 deficits, with or without signs of intracranial hypertensmn 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 infiltrate the orbit, optic canal, CS, and base of
the middle fossa. Visual deficits 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-

Fig. 3. A Tl-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
Craniofix titanium clip (3 small arrows) (CF: Aesculap AG, Tuttlingen, Germany) and titanium
mesh (large arrow)
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Fig. 4. T1-weighted Gd-enhanced MR image of a petrous apex meningioma

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
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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
fissure. The tumor can extend below the skull base through the foramen
ovale. A dumbbell configuration 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 stratified squamous epithelium covered by an external
fibrous 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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Fig. 7. Frequently used approaches for tumors of the middle fossa drawn on the skull base

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 specific 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 Superficial 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-
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nial fossa. It is a classic approach, which was popularized by Yasargil et al.
[12], and can be modified according to the pathology into frontolateral or
fronto- orbltozygomatlc (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 firmly 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 fixed to the operating table with the Mayfield three-pin
headrest. The scalp incision starts inferiorly, just anterior to the tragus and
behind the superficial 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 flap 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 flap 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 flap. The first 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 floor. 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 flap cut is made
with the fluted 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 flap is cut using the
same fluted pediatric router. The footplate is inserted into the temporal burr
hole and the osteotomy is performed across the base of the bone flap towards
the keyhole with the fluted router drill tilted as low as possible beneath the re-
flected temporal muscle, towards the floor 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
finally transected with a drill, and the free bone flap is elevated.

1.3 Frontolateral approach

The field 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 orbltozygomatlc craniotomy may
be necessary. We prefer to utilize the so called “two piece” orbitozygomatic
craniotomy, which means that the pterional bone flap is elevated first, 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 fissure (SOF). The optic nerve
sheath has been opened revealing the nerve (ON). Note the proximity of CN Ill to the inter-
nal carotid artery (/CA) 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 flap is elevated, the microscope is
brought to the surgical field. 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 Ill by
transparence in the most medial aspect of the superior orbital fissure. Outside the broken
line, the intradural portion of the ICA and ON are also seen, already dissected free from the
tumor (7)

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 (7) is seen still attached to
this layer. CN Il is shown entering the CS, and then by transparence embedded in the deep
layer of the lateral wall (CN /II*). 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 magnification. The meningo-orbital band is cut to
facilitate further retraction of the dura mater, and the superior orbital fis-
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 fissure down to the foramen rotundum, and the
beginning of the superior orbital fissure. 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 fissure. The fissure 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 unroofing 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 fissure, 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 flap reaching the skull base
is tailored. Under the operating microscopy, the dura mater is elevated from
the floor 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 identified, 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 flap allows for extradural subtem-
poral drilling, as well as splitting of the Sylvian fissure for a better mobiliza-

Eniculate
Ganglion

Cogea

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 first 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 first 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 difficulties, 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 flexed and the head turned to the opposite side and
extended. Care should be taken with fixation 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 superficial 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 flap 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 flap is used to cover possible sources of CSF
leak in the middle fossa floor. Reconstruction with vascularized pediculated
flaps reinforced by application of fibrous 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 fissure. CSF is released and sharp dissection of the middle cerebral artery
and its branches is performed. The arachnoid of the Sylvian fissure 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 unroofing the optic canal and opening the superior orbital fissure.
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In cases of a middle fossa approach (classical or extended), the dura ele-
vation from the floor of the fossa may result in injury to the GSPN, result-
ing in loss of lacrimation. Traction of the geniculate ganghon or its injury
during drilling will cause facial paralysis. Difficulties 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
floor 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 first 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 defined 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 predommantly 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 briefly. 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
flow. 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 final 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 primarily
or as an assistive device) allows larger intracranial extensions to be resected.
However, the purely endoscopic approach takes longer to perform, and is more
difficult 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 fluoroscope 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 infiltration 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 floor of the sella turcia is completely visualized.
The floor 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 floor.

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 final 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 inflated 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 Mayfield 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
B
Area exposed by Position of pituitary
LeFort I osteotomy
Maxillary sinus
Clivus bone
from below
C
Hard
palate
retractor

D Clivus

Area exposed
by extended

maxillectomy

Hard palate

Soft palate

Fig. 1. A and B Transmaxillary approach. Upper and middle third of the clivus exposed with
Lefort | 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 flap 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
flap 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 flaps to wing
laterally. A transpharyngeal retractor is applied to hold the palatal flaps 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. Itis 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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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,
|.P. Janecka)

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
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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

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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ing with oxidized cellulose and then injecting fibrin 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 flap lining the entire space, and abdominal fat graft to fill
the dead space. A hole is made in the pericranial flap 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 flap 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 significant lateral extension, and when
the cavernous sinuses are involved in a significant 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
fixed. 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 flap is carefully carried-out preserving the pericranium 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 superficial temporal fat pad is encoun-
tered, and then an interfascial dissection would be required to elevate the
skin flap 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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Fig. 4. A Frontotemporal transcavernous approach — osteotomy cuts for a standard 0ZO
(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
fissure is split and lateral dural wall over tumor incised. E After removal of intracavernous
tumor — cavernous sinus and clivus exposed. ICA Internal carotid artery

orbital fissure. 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 fissure. Laterally, the osteotomy is made beginning of the
inferior orbital fissure 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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with the malar eminence, creating a “V” cut centered on the zygomaticofacial
foramen. The final 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 fissure 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 flap 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-
perficial temporal fat pad is encountered, and then an interfascial dissection
would be required to elevate the skin flap 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 fluid 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 superficial pertrosal nerve (GSPN), V3,
and arcuate eminence of the petrous bone are identified. 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 fibrin glue injection.
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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
greater superficial petrosal nerve

From the exposure of the petrous apex, the petrous portion of the internal
carotid artery (ICA) is identified 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 identified, 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. 6. Subtemporal infratemporal approach. A Incison. B Craniotomy and osteotomies. C
After elevation of temporal lobe dura and division of middle meningeal artery and greater
superficial petrosal nerve (GSPN) and partially exposed horizontal portion of the internal
carotid artery (D). After incising the dura propria over the semilunar ganglion and V2 and
V3.The sphenoid sinus is seen between V2 and V3. E Mobilization of petrous ICA from the
ICA from the carotid canal
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meniscus of the joint is depressed inferiorly. The middle fossa dura is elevated
to expose the mlddle meningeal artery, greater superficial pertrosal nerve
(GSPN), V3, and arcuate eminence of the petrous bone are indentified
(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, unroofing 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 fibrocartilaginous 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 fibrin 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 confirmed by Doppler flowmetry.

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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Fig. 7. A Lateral approach with PLPA (for trigeminal schwannoma). Temporal craniotomy
zygomatic osteotomy and transpetrosal approach. B Tumor exposure after cutting the
tentorium

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 flap) is elevated separately
and reflected inferiorly. The retrosigmoid muscles are reflected inferiorly. Af-

ter draining some fluid from the lumbar drain, a mid and posterior temporal
craniotomy is performed, extending at least 2cm posterior to the projected
transverse sigmoid junction. Following this, a retrosigmoid craniotomy is
performed (if necessary) across the transverse sinus, down to the floor 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, ]ugular 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, sacrificing 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 flap is then
rotated over the mastoidal area. Abdominal fat graft is used to fill any remain-
ing defect posterior to the temporofascial flap. 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 Mayfield pin holder with the head rotated slightly towards the sur-
geon, and neck flexed 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 flap is reflected 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 identified 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 identification. Any bleeding from the venous plexus is handled
by bipolar cautery, and fibrin glue injection. The foramen transversarium of
Cl1 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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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
1cm 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
first 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 unroofing of the jugular bulb may also be helpful.
Further inferior exposure can be achieved by unroofing 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

-t
-

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 45°. 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. /JV Internal jugular vein
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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.

Acknowledgement
Doctors Chong C. Lee, MD, PhD, and Dinesh Ramanathan, MD, TNS, are

acknowledged as co-authors.

152



HOW TO PERFORM CENTRAL SKULL BASE APPROACHES

Laligam N. Sekhar

Laligam Sekhar is Professor and Vice-chairman at the Department of Neurosurgery,
University of Washington, Seattle. He received his degrees in biology from the Loyola
College (1967) and Vivekanada College (1968) of Madras University in India and obtained
his M.B.B.S. in Medicine from Madras University in 1973.

He then pursued his training in neurology and neurosurgery at Cook County Hospital
(Chicago, IL), the University of Cincinnati (OH) and then at University of Pittsburgh (PA).
He trained briefly with Prof. M. Gazi Yasargil and Prof. Majid Samii in neurosurgery.

Dr. Sekhar completed his residency in 1982 and after that he worked extensively
in skull base surgery and pioneered numerous new techniques. He was appointed as
Assistant Professor in the Department of Neurological Surgery at the University of
Pittsburgh. In 1993 he became chairman of the Department of Neurological Surgery
at George Washington University in Washington, DC. Dr. Sekhar has published, more
than 200 peer-reviewed papers, 100 book chapters and 4 books.

Contact: Laligam N. Sekhar, Department of Neurosurgery, University of Washington,

Harborview Medical Center, 325 Ninth Ave., Box 359924, Seattle, WA 98104-2499, USA
E-mail: Isekhar@u.washington.edu

153



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 clarified.

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 fissure. The space gained by removal of the ACP by SEAC is
called the clinoid space. Its floor makes the superior wall of the cavernous
sinus. Removal of the ACP makes the operative field 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-flow 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].

Pterional (frontotemporolateral) craniotomy

- - SEAC
Intradural (partial) anterior

clinoidectomy \

Posterior
_ clinoidectomy
A sz— 83ha2rell;{|)1l'sflrfm +Lateral upper
(C2 aneurysms) - U1 ANCUTySm clinoidectomy
Distal basilar aneurysms
IC-Pcom aneurysms
Craniopharyngioma Low lying
Tuberculum sellae distal basilar artery
meningioma aneurysms

Pituitary adenoma
Hypothalamic
glioma

Fig. 1. Decision algorithm for anterior clinoidectomy. Although internal carotid-ophthalmic
artery aneurysms are to be included with paraclinoid aneurysms (C2-C3), they are classified
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 fissure (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 confirming 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 fibrin glue and a sponge for compression with slight head elevation.

If the en bloc removal is difficult, 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 difficulty 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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fibrin glue. Contents of the superior orbital fissure (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 flap 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 5mm 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 unroofing 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 filled with oxycellulose together
with fibrin 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 1cm 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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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.

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 fibrin 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
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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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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

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 findings 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
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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 first historical stage was to make a coherent nosological approach
of it. Often confused with the diagnosis and the treatment of tumorous prop-
tosis, the first 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 first 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
boundaries, and in this respect it should always be preceded by a
mult1d1301pl1nary discussion. The concept of an endocranial approach was
described and implemented by Durante (1887). Since then, retraction of the
frontal lobe has been identified as the main obstacle to using this approach.
Frazier (1913) partially resolved this technical difficulty when he suggested
removing the superior orbital rim. Then came the work of Naffziger (1948),
who established the specifically 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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Table 1. Main orbital tumors in childhood in terms of histology and management?

Disease Follow-up only Biopsy Chemo- or Surgery
radiation
therapy
Optic nerve 1 - clinical and 2 —clinical 3 - resistant to
glioma MR imaging worsening, chemotherapy,
avoid radiation tumor spreading
therapy (NFT1) backwards
Plexiform 1 - clinical and 2 — oculomotor
neurofiboroma MR imaging and cosmetic
considerations
Rhabdomyosar- 1 2 — after biopsy 3 - checking
coma (bone marrow MR findings at
and/or tumor) the end of
treatment
Fibrosarcoma 1 2 —radical
excision
Metastasis 1 —according 1 - primitive
(neuroblastoma, to histology cancer
Ewing’s) unknown
Leukemia 1 - leukemia 1
not diagnosed
(chloroma)
Teratoma 1 - radical
excision
Dermoid cyst 1 - radical
excision
Capillary 1 — disappears
hemangioma spontaneously
Lymphangioma 1 —clinical and 2 — partial

Cavernous
angioma
Fibrous
dysplasia

MR imaging

1 - clinical and
MR imaging

excision of cysts
when growth
spurts

1 - radical
excision

2 — oculomotor
palsy, threatens
optic nerves

3 1-3, steps in management

and endocranial approaches, and excision. These findings paved the way for
surgical treatment of more complex lesions such as fibrous dysplasia and
plexiform neurofibroma.

The history of neurosurgery reflects the difficulty of establishing a logical
classification of the nature and origin of orbital tumors. These issues are still
of concern today as specialists continue to face difficulties at the diagnosis
stage [5], which can then lead to problems in choosing an appropriate strategy
for treatment (Tables 1 and 2).
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Table 2. Main orbital tumors in adulthood in terms of histology and management?

Disease Follow-up Biopsy Chemo- or Surgery
only radiation
therapy
Metastasis According to 1 — primitive
histology cancer unknown
2 —resistant to
chemotherapy
Primitive 1 2
lymphoma
Optic sheath 1 = clinical and 2 —if blindness of
meningioma MR imaging the eye
Spheno-orbital 2 — conformational 1 - excision (as
meningioma radiation therapy  complete as
following incom-  possible)
plete
surgery
Schwannoma 1 - radical excision
Cavernous 1 - radical excision
angioma

3 1-3, steps in management

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 sufficient 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
aresult 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
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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 fissure. 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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Yoge
r Lo
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 (ll)

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

10

Fig. 2. Coronal section of the right orbital apex. I Lachrymal nerve (V), 2 frontal nerve (V), 3
trochlear nerve (1V), 4 abducens nerve (VI), 5 oculomotor nerve (lll), 6 sympathic root of the
ciliary ganglion, 7 nasociliary nerve (Ill), 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 identified 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 fissure 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, fibrous 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 field 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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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

nerve, which penetrates the orbit via the supraorbital notch at the junction
between the first 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 difficult to treat.
The simplest solution is to fill the gap with fat or with muscle that is stuck
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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 flap 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 flap 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 flap. Then, the periorbit is carefully dissected
away from the inferior surface of the orbital roof, up to 2c¢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 confined 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

Lrém“"

Fig. 4. Frontal craniotomy is confined 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 final 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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Fig. 5. Contralateral nasal fibers cross over at the optic chiasm and pursue a recurring
course in the ON

exits the canal. In fact, the contralateral nasal fibers 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 sufficient. 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 fissure 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 first. 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.
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The most frequently used is the lateral approach, which allows access to
lateral lesions of the ON, the superior orbital fissure 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 identified. 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 fissure 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
fissure 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 superficial
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 deficiencies 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 field 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 resul, 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 flap 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 flap.

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 flap. 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
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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 O- or 1-grade intraglandular microadenoma),
the contribution of neurosurgeons was essential for the understanding of their
pathophysiology, which had historically been difficult 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 insufficient information, through tumor
marker examination. Nevertheless, thirty-five 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 efficient 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 century, 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 significantly 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 first transsphenoidal pituitary tumor resection in 1907;

Keywords: pituitary adenoma, transsphenoidal approach, sella turcica,
endoscopic surgery
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Fig. 1. Schloffer’s first transsphenoidal approach

his technique involved first 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 floor 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 approach
[22]. Alsoin 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 first 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 refine the transsphenoi-
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Fig. 2A, B. Cushing’s sublabial rhinoseptal transsphenoidal approach

dal approach by introducing intraoperative radiofluoroscopy [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 first 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 first 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
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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

187



A.J. BASSO

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 12mm 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 floor, 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 first 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 (modified) 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 “sniffing position”, so that the zygomatic arch stays
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Fig. 5A, B. Patient placed in a half-seated position

flexed approximately 20° relative to the floor. Importantly, the head should
be well fixed 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 field 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 fluid (CSF) fistula.

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 infiltrates the septal mucosa with 1%
xylocain containing epinephrine and then performs a 1.5cm 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 infiltration. 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-

189



A.J. BASSO

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 field 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 inflamma-
tory or infectious changes. Otherwise, removal is only partial.

When one or more bone septa hinder the exposure of the sellar floor, re-
moval of these septa is required to fully expose the posterior aspect of the
sinus and the floor 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 1cm, to repair the floor 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 floor is opened from midline to lat-
eral, creating a 1.5cm wide, 1cm long window. When the lesion is a mac-
roadenoma with sella turcica enlargement, the sellar floor 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 knite
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 fixed 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 defined 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 benefits 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 floor 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 fistula.

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

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 fiber, a light source,
a digital videocamera, a monitor and a video-recording system. Telescopes
used in these cases are usually rigid, 4 mm in diameter, 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 fiber 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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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 fitting which is attached to the bed. This helps
to get a stable picture of the surgical field 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 fixed to the head-holder and 10° lateralized to the right towards the
neurosurgeon. Whether the head is flexed or extended will depend on
the suprasellar extension of the lesion, though excessive flexion 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

O
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2- PATIENT

3 - ASSISTANT
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5— INSTRUMENT TABLE
6- ENDOSCOPIC TOWER
7 - ANAESTHETIST

8- ANAESTHETIST TABLE

Fig. 9. Endoscopical team placement
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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, firstly 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 floor 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.
Atarhinopharyngeal 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
difficult 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 identified, as it is the entry towards the
sphenoidal sinus. When pneumatization of the sphenoidal sinus is significant,
the ostium can be found more laterally behind the upper nasal turbinate and
be thus difficult 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
fistula [10]. Where the sphenoid ostium cannot be properly identified, 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 floor 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 floor. 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 floor 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, identification of the planum sphenoidale, the clivus and the carotid
prominences should be enough to accurately establish the position of the
sellar floor (Fig. 11).

4.3 Sellar phase

Once the sellar floor has been correctly identified, the endoscope is immobi-
lized by means of a mechanic fitting. The sellar floor 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 floor 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 macroadenoma,
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 sellae 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 fistula, 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 floor in this situation does not differ from the
microsurgical technique and must be carried out in a watertight manner where
occurrence of CSF fistula is confirmed, 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 confirmed.
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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 classified as follows:

a) Surgery-related complications
b) Sodium and fluid balance disorders

¢) Hormone hypersecretion or hyposecretion disorders

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

a) Worsening of visual symptoms: Secondary to compression of the op-
tical nerves during surgery or owing to the postoperative develop-
ment of hematoma.

b) Injury of the intracavernous carotid artery.

¢) Intracranial hematoma: Subdural, extradural or intraparenchymal.

d) Brain ischemia: Secondary to vascular injury.
e) CSF fistula.

Mediate complications

a) CSF fistula
b) Postoperative meningitis

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

In patients who were treated with a transsphenoidal approach, CSF fis-
tula diagnosis is established mainly when tamponades are removed. It is
commonly confirmed by evaluating nasal secretion with blood glucose-
measuring test strips. Once a fistula 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 fistulae 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 confirm fistula 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 mummified.

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.
fluoroscopic 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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INTRODUCTION

While transsphenoidal surgery was developed almost a century ago, it
was the detailed anatomical studies, procedure, specific 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 orifice 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 defined clearly the anatomy and pathology of
the ventral craniovertebral junction [5]. Again it has been the development
of appropriate retractors and specific instruments which has allowed the
procedure to be within the standard armamentarium of skull base and high
cervical spinal surgeons. Pioneers in the field 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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Elevate handle of "’d
retractor candally b’ 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

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 difficult as the
pharyngeal lining is osteomucosal with Sharpey’s fibres firmly binding it
to the bone underneath. There are also numerous venous intercommuni-
cations between the dural sinuses, the bone and the submucosal venous
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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
neuraxis and which cannot be alleviated by skull traction and realignment of
the atlantoaxial joint.

Plain radiographs are insufficient and detailed CT and MR scanning es-
sential; functional studies in flexion 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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Table 1. Management of “transoral” patients

Pre op

Per op

Post op

Mouth opens more than 3cm

Bacteriology mouth swab
SSEP (MEP)

Plain lateral radiograph of
cd

Plain lateral radiograph of
chest

Venous support stockings

If a chance of a CSF leak

Mechanical anti embolism
Broad-spectrum antibiotic
Antiemetic

Hydrocortisone ointment

Nasotracheal tube*
Nasogastric tube*

CSF lumbar drain
(in position not opened
unless a leak)

Repeat if wound inflamed
Repeat if deteriorate

To check for soft tissue
swelling

To check for airway
problem

Venous support stockings
Continue 24 hours
Continue 48 hours
Continue 6 hourly 48
hours

Continue 24 hours
Continue 5 days

Nil orally 5 days

Remove if no leak

10-15 ml/hr for 5 days

if leak

Check CCJ instability

Tracheostomy As long as necessary

Percutaneous gastrostomy

Open-door maxillotomy
and transmandibular
approach

*Used only if swallowing intact — otherwise tracheostomy etc.

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
difficult 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.
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Anterior craniovertebral pathology

i \ Intradural
Extradural 4

[Not TOS)
Lateral extension

Midline Ventral \ Far Lateral Approach

(Tuite & Crockard)

Bone, Tumo rs
. T
Reducible l B;(s?icl);rgii?/;g Vert art involved? ) -
TOS 1 (Sacrifice if complete Circle of Willis)
Traction l Open door maxillotomy
Clivus — open door maxillotomy

I L Post Occ Cx fixation
Post stabilisation  Post stabilisation Atlas axis - TOS

\ / Caudal extension — transmandibular transglottic

Occipital sparing
If no occ C1 instability

Fig. 2. Decision-making for transoral surgery for anterior craniovertebral pathology

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 significantly reduce postoperative swelling. All the instruments in the
transoral set are sufficiently 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 identified by instrumental palpation. A 4cm vertical incision over
this will expose the atlantoaxial area after the pharyngeal wall has been in-
filtrated with lignocaine and adrenaline to reduce cut edge bleeding. Sepa-
rate this layer off the prevertebral fascia and the longus coli muscles and
bones.
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Fig. 3. Drilling out odontoid peg. The soft palate has been retracted to expose area. The
pharyngeal retractor holds the pharyngeal incision apart

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 2mm
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
verified 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, fibrin thrombin
“glue” is injected into the bony defect to fill 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 fixations of the upper jaw. (To leave it till after
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Fig. 4. The open door maxillotomy. A Area exposed. B Sawcuts for exposure

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 fluids and altered “nasal” speech.
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Reoperation in the area can pose considerable difficulties 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 fluid (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 difficult Pre-op mouth opening <3 cm. Increase head on neck
extension

Irregular dentition Pre-op manufacture “gum guard” to fit 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 Lumbar CSF drain, Inserted during anaesthesia

“Accidental” 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 fixation

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 flap be used. Surgicel and fibrin 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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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
specific 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 outflow 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 begmnmg,
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. Specific prob-
lems were immediately recognised, like abdominal pressure raise and con-
comitant haemorrhage risk. In 1905 Frazier performed the first 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 specific 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 confinement 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 flexible 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 “confluens”. The transverse
sinuses are conduits within the dural layer following and forming the attach-
ment of the tentorium to the inner skull. From their confluens, also called
“Torcular”, the sinuses run laterally to the petrous bone and bend caudally to
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transverse
sinus

sigmoid
sinus

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 confluence sinuum
caudally

anopemng

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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Fig. 3. Far lateral approach: less high up, but more caudally aimed at occiptal atlantoid
junction, laterally

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:

e 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;

e 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.
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For the neurosurgeon a few aspects are specifically 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 flocculus, rather firmly
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,
atdistinct and different places. They run through the arachnoid space to their
specific 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:

e 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;

e the precentral cerebellar vein.

The arteries in the posterior fossa are:

e 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;

e 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;

e 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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e 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
* superficial
e petroclival
® tentorial
e foraminal
® vascular lesions/problems
— aneurysms
— arteriovenous malformations
— fistulas
— 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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ear

mastoid

skin
incision

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

Besides local (intrinsic) neurological dysfunction, a general problem may
arise which is pertinent to the posterior fossa: the relatively small and con-
fined 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 flu-
id (CSF), resulting in acute hydrocephalus. It can be difficult 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
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ear mastoid

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

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 fixed in a Mayfield clamp. The latter is my favourite,
and gives more freedom for flexion 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 flexion. 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 hyperflexion, 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
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lateral

cranial

. caudal
medial

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 flap; now CSF can be
drained, underneath the cerebellum. Last incisions are cranial (blue), making a triangular
dural flap based on the transverse sinus. The lateral trapezoid flap (blue-red-green lines) is
based on the sigmoid sinus and allows for maximal lateral approach along the cerebellum

underlying upper arm, with some flexion for the lower arm. Also the hips
must be well-supported and fixed in this position, in order to avoid inadvert-
ent sliding or rotation. Again, the head is held by a Mayfield clamp, the neck
can be flexed 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 first to the supine
position, ventilated well, and only extubated thereafter.

However, with some routine the lateral decubitus position can be fine 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
fixed in a Mayfield clamp and rotated to one side is sufficient. 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 flexion 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,
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which may be the major venous outflow 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 first 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 fixation has been improved
remarkably thanks to the Mayfield clamp, which can be mounted in front
of the head with a U-shaped device fixed 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;

e CSF and blood drain outwardly, resulting in less need for (time con-
suming) suction compared to the other position;

The disadvantages are, however:

e 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;

e risk for cardiovascular instability during positioning; transverse cord
lesions have been described;

* need for postoperative sitting position in the ICU for the first hours,
with slow adaptation towards a more supine nursing position;

e 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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e precardiac transthoracic Doppler probe, or, even better, trans-
oesophageal cardiac Doppler equipment in place;

e intra-atrial catheter for immediate suction when air embolism is
detected;

® pCO, measurement in the outflow 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;

e 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
field, 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
justified 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, fixation, mounting electrodes for monitor-
ing, and draping:

e 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.

e 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 finding the right place in and
underneath the fascia to separate the muscle bundles on both sides of
the midline.

e 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 (0.5cm cau-
dally from their attachment, for better closure), but in my experience
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this is hardly ever necessary with a fine linear midline incision that
goes up highly enough.

e The extra cranial muscle work is finalized 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, definite 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 fish hooks. So, the operation field is as flat as
possible, making the surgery easier.

e 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 flat 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.

e 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 first 3-5 mm of the transverse sinus are visible, allowing
for better dural retraction upwards. In cases with significant 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.

e Classically, one might prepare for a supratentorial burr hole, in order

to have access to the ventricle for tapping CSE. 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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e 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.

e Adjuvant dural incisions towards the lateral side, more caudally start-
ing from the Y’s long leg, may be helpful for a maximal overview.

e 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 magnification) 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 sufficient in
most cases. For further details of handling the intradural pathology
one should read the chapters dedicated to these.

e 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
field, 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 fine. In our experience,
body’s own material still works best! Of course such closure may be
supported by fibrin glue sealing. The latter never resists a real CSF
outflow 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 fixate the bone, but use it only as a
support between the layers.

® The deep and superficial 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 fixated to it) may be tilted and/or
turned as far as necessary and acceptable.
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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 fish 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 specific 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 flaps and a wide opening
over the lateral medulla.

e 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 fixed in a Mayfield 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 1.5cm above and behind the upper ear, following the curva-
ture of the ear and ending some 2cm 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.

e 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 x4 cm, which of course can be modified and enlarged in one direc-
tion or the other.

e Laterally, the first 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.

e Retraction 1s done with fish hooks and sutures with rubber bands,
resulting in a flat operation field.

* 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 flap with two
curved lines, using the craniotome and starting from the burr hole. If
that is awkward and difficult, 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 field may have become quite
dusty by now! Irrigation and additional draping is very adequate for
providing a nice surgical field.

The dura is opened. For most pathologies we do this with a standard
order of incisions: first, a straight incision in the middle of the exposed
dura, parallel to the mastoid. From there a triangular flap 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
flat 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 flap that is based on the sigmoid sinus is now tagged
with two sutures as far laterally as possible; the triangular flaps 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 first run, additional su-
turing will bring the dural rims together in most cases.

Pieces of muscle or gelfoam in fibrin glue may help finalize 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 find its way through the opened and insufficiently 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 significant
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 sacrifice 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 sacrifice 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 field
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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Fig. 1. A Anterior transpetrosal approach. B Posterior transpetrosal approach. Site of pyra-
mid resection (dotted) and the surgical field (broad line). GPN Greater petrosal nerve, CH
cochlea, LB labyrinth, IAM internal auditory meatus, V trigeminal nerve

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 benefits are as follows:
(a) No retraction damage to the cerebellum and cranial nerves from VII to X1,
(b) easy access to the tumor extended into the middle fossa and Meckel cave,
(c) dried surgical field 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 benefits 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 3mm in diameter and with a

diamond tip of 2mm, ultrasonic aspirator and evoked-potential monitoring
system.
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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
fixed completely laterally with slight vertex down.

)

2)

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 reflected anteriorly.
Root of zygoma, external auditory meatus, and squamous suture are
confirmed 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 flushed to the floor
of the middle fossa.

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

sigmoid
sinus

Fig. 2. Craniotomy site. ATP Anterior transpetrosal approach, PTP posterior transpetrosal
approach, with partial mastoidectomy (shaded)
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3)

4)

5)

6)

MMA is controlled by head up position and insertion of surgicel
balls.
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 confirmed (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 superficially 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.
Dural incision. Incision of the middle fossa dura is started from 2cm
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 reflected 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.
Opening Meckel’s cave and detachment of feeders from the Orifice
of Meckel’s cave, where the trigeminal nerve enters, is confirmed 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 orifice of Meckel’s cave. They are
coagulated after the trigeminal nerve is mobilized inferiorly.
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 field. 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 field, 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 superficial 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)
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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

Presence or absence of encased brain stem perforators and tumor
invasion into the cavernous sinus may influence 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 leaflets
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 fixed with fibrin 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 flap is replaced
and fixed with titanium plates. Artificial 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 flap 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
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antrum

Fig. 5. Surgical illustration of cerebello-pontine angle tumor operated by PTP

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-
perficially at this point. It is medial to the maleus, and the tympanic
cavity can be opened to find 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 identified 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 flap,
complete closure of CSF leakage cannot be achieved, and a small piece
of fat is inserted in the orifice 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
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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.
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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 fields. Prof. Yasargil 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 superv1510n 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 durlng 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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Fig. 1. A beautiful cadaveric microdissection view from the posterior part of Circle of
Willis

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. Traffic 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 difficulties 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 first, 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-
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Fig. 2. General view of an operation room in the newly renovated operation theatre in
Helsinki with more than 3000 yearly operations

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 outflow and reduce
venous blood pressure and, obviously, to prevent venous oozing, the author
recommends the patient’s head be elevated approximately 20cm above the
cardiac level. This principle is valid for most craniotomies, and is an effective
way to have a clean and bloodless field. Accurately securing the patient’s
body and head provides the ability to qulckly 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 fingers should fit between the manu-
brium and jaw to avoid too much flexion of the head. To prevent air embo-
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lism, the patient should wear a G suit at a pressure of 30-40cm H,O. 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 CO, and Doppler is
essential.

2. HEAD FIXATION

The patient’s head should be fixed with three or four pins in a head frame. A
Sugita head-fixation device is based on a four-pin fixation. It has the advan-
tages of good skin and a muscle-flap-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 flap is needed or brain retractors are to be used. The
Mayfield-Kees three-pin-head frame is more flexible 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 fixed immediately
above the craniotomy, as they may accidentally cause injuries. Pin-fixation
sites of the frames, as well as the arch and counter arch of the Sugita frame,
should allow total access to the operative field 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 flow
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 fixation, 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 fixed 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 field, 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 field (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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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

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 findings 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 sufficiently 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 fissure, central sulcus
by the inverted omega hand area, confluens 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
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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 fissure 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, infiltration of the incision line by a
mixture of local anesthetic and vasoconstrictive agents is recommended. For
more than 20 years, a single-layer flap 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 fish hooks, provides a wide exposure
of the sylvian fissure 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 flap 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 fibrin 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, magnification, 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. Yasargil. Mouthpiece control ef-
ficiently 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 flap, 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 efficient 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
field, or the fluorescence-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 definite 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. Yasargil 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 Yasargil 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 flexible 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 fissure 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 field for coagulation by bipolar forceps tips.
The author prefers those without identification 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. Yasargil, is
used by many neurosurgeons. In our hands, a pair of short jeweler’s forceps
has proved to be efficient in opening the most superficial arachnoid mem-
brane around a tumor or over the sylvian fissure. Dissection of the arach-
noid cannot be performed without a perfect knowledge of cisternal anatomy
[11].

Water-jet dissection, as first 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 fissural 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
fissure 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 fluid, 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 find 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 flight 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 first two
weeks with 4% within the first 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 72h [5]. Despite improvement in all aspects of
management, an RIA remains a “catastrophic” event with a poor outcome,
i.e., death or significant neurological deficit, 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 first-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 difficult 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 first be responsible for an
intraparenchymal hematoma. Hemodynamic stresses play a particular role in
the formation of ICAs especially at specific 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 discases affecting tissue elasticity, including auto-
somal dominant polycystic kidney disease, fibromuscular 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 first descrip-
tion of a microscope to help neurosurgeons in occluding ICA was made by
Pool and Colton in 1966, but it was Yasargil 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 first 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 first 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 Ya§arg11 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 occlu51on wrapping or bypass [4, 7, 12, 21, 28,
29]. The third area is modern imaging techniques for ICA, in partlcular 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 inflammatory
reaction involved in SAH vasospasm with its highest risk between the 3rd
and 10th day post-rupture.

DECISION-MAKING

The first 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 UTA. 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 (¥)
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before” — headache often followed by a meningeal syndrome. When the first
rupture remains minimal, it can go unrecognized and followed later by a mas-
sive catastrophic hemorrhage. This first 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 (WEFNS) score,
which is based on the Glasgow Coma Scale score (Fig. 1).

When a SAH is suspected, a CT scan should be performed first and two
features evaluated. The first 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 first
few hours and occurs in about 20% of RIA. Late identification 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
WENS scale (Fig. 2) after a period of clinical stabilization, in particular after
placement of ventricular drainage in cases of acute hydrocephalus.
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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, five being the worst. The WFNS score is 3 when there is a motor deficit
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1 2

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

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 7mm [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 first 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 WENS score of 4 or 5. If there is an intraparenchymal hematoma
or if the endovascular approach is deemed too difficult by the interventional
radiologist (tortuous vessels, atheromatosis or fibromuscular dysplasia), if
the aneurysm neck is 4mm 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 (WENS 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
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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 fluid 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 flap 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
fissure with an oxidized cellulose hemostat, such as Surgicel (Ethicon,
Johnson and Johnson), and cottonoids and open the lateral fissure using a sur-
gical blade to access the subarachnoid spaces. We then progress inside the lat-
eral fissure 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
10min 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
10min [14-17]. So far, using that protocol, no patient developed any perma-
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nent deficit 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 Scientific, USA) wrapped
around the aneurysm and its parent vessel and fixed tightly using a clip. If this
technique is not possible because of efferent vessels or the depth of the oper-
ating field, 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 efficacy.

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, finally, 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
10min 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 2mg
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 fixed the bone flap
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 confirmed 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 first try to control it by performing
three lumbar punctures on consecutive days, removing 40 ml of cerebrospinal
fluid each time. If this treatment is not sufficient, 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 Bicetre, 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-

5_ ...............................................................
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m | — Dead
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Fig. 4. Glasgow Outcome Scale. Outcome scale with five scores. A score of five corresponds
to a normal clinical status. Score of two corresponds to severe (sev) handicap or a vegeta-
tive state
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n 2382 141b 1055¢
Good GOS
%) 100 74.5 69
CO (%) 95 90.8 82
Near CO
%) 2.5 6.3 12

Fig. 5. Short-term results after surgical clipping. 238 unruptured intracranial aneurysms
(UIA) in 176 patients as reported by Aghakhani et al. in 2008. ® 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. ¢ 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

sion [16]. This series has now expanded to include 141 RIA deemed not
accessible to an endovascular procedure and thus surgically more difficulg;
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

_ TSUtsumi & al. (2001)

n 112

If CO 2.4%
If NCO 7.1%
De novo 8%

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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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 first 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
multdisciplinary 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 first 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 ﬁgures 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 first 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 five 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



K. LINDSAY

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 flow 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).

Basilar bifurcation

aneurysm Sl .
Teel UPPER BASILAR / SUPERIOR
Posterior CEREBELLAR / POSTERIOR
CEREBRAL ARTERIES
cerebral
artery RN
aneurysm S

Anterior inferior
cerebellar artery-
aneurysm

BASILAR TRUNK/
VERTEBRO-BASILAR JUNCTION /
LOW-LYING BASILAR BIFURCATION

Posterior inferior
cerebellar artery
aneurysm

VERTEBRAL ARTERY

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 P,, 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 Yasargil et al. [12] re-
duces such retraction, but access may still be difficult for aneurysms lying
>10mm 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

Basilar
bifurcation
aneurysm
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\ 5th nerve

6th nerve

4th nerve

SUBTEMPORAL

Fig. 2. Approaches to basilar bifurcation aneurysms (Adapted from Lindsay and Bone.
Neurology and Neurosurgery lllustrated, 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 >10mm 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:

e High basilar bifurcation
e Narrow neck
e 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 P, or P,) can be
approached either via the subtemporal, the trans-sylvian pterlonal or the tem-
poro-polar route. Those lying in the ambient cistern arising from the P, seg-
ment require a subtemporal approach. For aneurysms arising from the most
distal P; segment either an occipital interhemispheric approach or a posterior
subtemporal approach will suffice. 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
floor of the sella turcica provided a more accurate guide [2]. These authors
recommended that approaches from above permitted access no lower than
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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 floor. 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 field (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 sufficient 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 significant hazards — the operative corridor is long and narrow
and the lateral exposure usually extends only 5mm 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 floor
* 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
e Midline aneurysms lying >18 mm below sellar floor

Favouring lateral suboccipital (or transcondylar) approach:
* Small aneurysms of basilar trunk or vertebro-basilar junction

* Aneurysms lying >18 mm below sellar floor
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e 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 sufficient 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 fixation. A linear or curvilinear incision ex-
tends upwards from 1 cm anterior to the tragus. A 4 cm diameter bone flap
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 finger’s breadth be-
tween the brain and the bone edge. Retraction of the retractor tip continues
until the tentorial edge is identified. 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
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Fig. 4. Subtemporal approach to basilar bifurcation aneurysm

left posterior cerebral artery and the thalamo-mesencephalic perforators
arising from P, 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 difficulty in visualising P, 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 P,. 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 first and then remove
the first. Large aneurysms may require several clips to prevent the fundus
refilling. 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 inflatable
balloon into the basilar artery provides an alternative method of temporary
basilar occlusion.

1.2 Transsylvian pterional approach

First described by Yasargil et al. [12]. The patient is positioned with the
head in 3-pin fixation, slightly elevated and rotated at about 45°. Through
a pterional craniotomy, the arachnoid overlying the optic nerve and
Sylvian fissure 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 filling of the right posterior cerebral artery.
Yasargil 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 identification 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

279



K. LINDSAY

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 20mm below the posterior clinoids can be approached on the medial
side of the trigeminal nerve (Fig. 3 black arrow); those lying more than
20mm 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 fixation. In addition
to a large temporo-occipital bone flap, 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
fixation 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 identified 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, deroofing 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 first line approach
for most aneurysms of the posterior circulation. To obtain data on surgical
outcome uninfluenced 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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Table 1. Results of surgical repair of posterior circulation aneurysms 1989-1993

Good Moderate Severe Death Total
recovery disability disability
Basilar 25 4 3 2 34
bifurcation
Superior cerebellar 10 3 0 0 13
Posterior cerebral 2 0 0 0 2
AICA 3 0 0 0 3
Vertebro-basilar 2 0 0 0 2
junction
PICA 9 2 0 1 12
Total 51 9 3 3 66

AICA Anterior inferior cerebellar artery, PICA posterior inferior cerebellar artery

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 identification 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 difficult, 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 deflating
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
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60 min of total circulatory arrest, thus helping both the dissection and clip-
ping of such technically difficult 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 ¥ 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 first 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 findings 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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This chapter has been written with collaboration of Prof. K. Hongo.

INTRODUCTION

Giant intracranial aneurysms (GAs) are the most difficult 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], Ya§arg1l [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

1. By definition, GA measures 25mm or more in diameter and they rep-
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.

2. The goals of treatments of GAs are basically twofold; one is to pre-
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.

3. It is of great importance to know the anatomy of the parent artery
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.

4. Current endovascular therapies, when properly selected and applied,
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

e 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.

e 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 hypopituitarism GAs in the vertebral
artery cause brainstem compression with long tract signs and lower
cranial nerve symptoms such as dysphagia, dysarthria and hoarseness.
GAss 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 deficits.

1.2 CT and MRI

e 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 refinement of CT and MRI technology, angiography
still has an important place in studying perforating arteries and dy-
namic flow and collateral circulation.

* Balloon occlusion test is useful in determining safety of trapping
procedure [13]. However, efficacy 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

SAH Ischemic
Symptoms

Intracerebral
Hemorrhage

Asymptomatic

Mass effect

| Enlarge | |N0 Change |

Open and/or Endovascular
Surgery

Open
Surgery

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 0rb1tozyg0matlc 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
fissure, 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 decompression
Trapping with or without bypass and decompression
Proximal occlusion of the parent artery

Under deep hypothermia

Under induced cardiac standstill

Under monitoring

Under temporary occlusion of the parent artery.

Ny swh e

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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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 first 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.) Modified from
Sugita K (1985) Microneurosurgical atlas. Springer, Berlin Heidelberg, p 135

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 superficial temporal artery (STA) has shown to provide a
sufficient collateral flow and is best used for restoring the distal middle cere-
bral artery flow. For an internal carotid artery GA, high flow 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 flow bypass is necessary, radial artery graft is preferred,
because its diameter fits better with the recipient vessel, and this avoids the
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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). (Modified from Kobayashi S, Tanaka
Y, Apuzzo ML) (1993) Brain surgery. Complication avoidance and management. Churchill
Livingstone, New York, pp 833-843.)

presence of turbulent flow 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
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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. (Modified 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 difficulties associated with its performance [2], and they must be
taken into account in the preoperative plan. Even when considerable collateral
flow 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.

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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Fig. 6. MCA aneurysm clipped under STA-MCA bypass. (A Preoperative 3-D angiogram.)
Through a pterional approach, the sylvian fissure 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 deficits

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 difficulties by open surgery.

lustrative cases.

e Internal carotid artery GA (Figs. 4 and 5).
e 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 prognosis if

left untreated, because most of GAs continue to enlarge, regardless of the
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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 field. 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

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

296



GIANT ANEURYSMS

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 difficult 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 flow. This decision is made according to the preoperative
analysis and intraoperative findings, depending on the expected time of
ischemia and the possibility to restore flow 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 flow. 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 patency is easily made intraoperatively by micro-
Doppler sonography. Exact confirmation 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 (<0.5mm) 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 significantly 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 deficit 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 difficult 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 briefly 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 arteriovenous malformation, surgery of cerebral AVMs,
intracranial surgery
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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 first 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 AVM:s 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 first
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 significant 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-
fluencing the ability of the patient to tolerate a prolonged difficult operation
and to achieve a satisfactory recovery from any neurologlc deficit 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 fixed neurologic deficit which would
be the deficit 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 deficit may be intolerable to a teacher or a lawyer whereas a
visual field 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, configuration, 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 classifications have been developed including the one we
use most frequently today, which is the Spetzler-Martin Grading Scheme.
This classification simplifies 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 classifications are helpful, par-
ticularly in terms of reporting and comparing results, there is no classification
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-
figuration of the nidus (compact vs. diffuse), etc. would be difficult to ac-
count for in any classification. 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 difficult 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-
ficacy 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
firm 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 benefit 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 3cm 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 figure for very small AVMs and decreases as
we treat larger AVMs. The rate of clinically significant 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 superficial 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 significant 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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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

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 significant morbidity;

308



AVMS OF THE BRAIN

therefore, it is only rarely, in my op1n1on indicated. The exception 1s in
cases that present with a progressive neurologic deficit due to steal, i
creased intracranial pressure from venous hypertension, intractable epllepsy
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 fistulas 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 fill 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 significant risk factors for hemorrhage as listed above. In
our opinion, pre-radiosurgery embolization simply to reduce the flow 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 superficial AVM is readily identifiable 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 superficial 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-
tified on the surface before they plunge deeply into a sulcus as they approach
the AVM. More importantly, the superficial draining venous anatomy some-
time requires a large craniotomy to be able to be clearly understood. After
the superficial anatomy is well defined, we proceed to systematically open
under the microscope all the sulci around the AVM looking for superficial
feeders which can be coagulated and divided as they approach the AVM.
Sometimes, it is difficult to differentiate arterialized veins from feeding ar-
teries and in these instances, if simple microsurgical observation under high
power is not sufficient to differentiate them, we use a tempo