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Preface

This volume contains the papers presented at the 24th Annual Meeting of the
Deutsche Gesellschaft fiir Neurochirurgie, held in Mainz, Western Germany,
on April 30 - May 3, 1973.
Deliberate choice was made of two crucial still hotly debated subjects which, for
ages, have meant a source of constant worry, and nights without sleep to every
neurosurgeon. Just as long as our special field exists, there have been the problems
of how to control brain edema and of how to reduce lethality and the secondary
lesions in surgery of cerebello-pontine angle tumors.
Concerning the first subject, new pathological, pathophysiological and chemical
aspects, the mechanisms of brain edema formation and resolution are presented
in the hope for better understanding. Furthermore, the relationship between brain
edema, intracranial pressure, cerebral blood flow and metabolism are discussed.
Finally, the therapeutical consequences as well as the results of experimental and
clinical work are presented, and a comparison of effects between dif}f)erent methods
(hypertonic solutions, diuretics, steroids, controlled hyperventilation, hyperbaric
oxygen) is given.
Concerning the second main subject, any important contributions to the early
diagnosis of cerebello-pontine angle tumors have been included. Nevertheless,
it is of utmost interest for the neurosurgeon to know which approach he is to
refer for the different stages of tumor size and to be familiar with the trans-
Elbyrinthine a}})lproach or the posterior craniotomy, as well as with the importance
of the use of the microscope in neurosurgery, the preservation of the facial nerve
and, in certain cases, its repair.
Therefore, we were particularly happy in obtaining the collaboration of experts
from all over the world as discussants of these crucial questions from their very
roots, so as to provide new insights with the aim of improving therapy.
Thus, this booIE surveys some aspects of our current knowledge on the preven-
tion and therapy of brain edema and on the surgery of tumors of the cerebello-
pontine angle.
The last chapter contains miscellaneous contributions from various fields of neuro-
surgery such as ultrasonic B-scanning and notes on surgical techniques.
The volume is closed by honoring OtrriD FoerstER. The 1973 Annual Meeting
is dedicated to the memory of OrrriD FoErsTER in celebration of the 100th anni-
versary of his birthday. Our special field is highly indebted to him.
OrrriD FoERSTER’s achievement, the result of lifelong endeavour, will remain an
obligation to honor and an example to follow. This centenary therefore supplies



VI

the Society with a deeply satisfying occasion for an appraisal of Huco KrayENBUHL
and the conspicuous service he has rendered to neurosurgery.

We must keep in mind that the work of every one of us rests on the achievements
of our forerunners. We sincerely hope that our junior colleagues may become
aware of such historic facts and their significance for the future development of
the field they have chosen. May this not only stimulate individual achievement,
but also encourage a sober view of the relative value of one’s own efforts.

Huco KrayensUHL has been honored by the bestowing of the OrTFRID FOERSTER-
Medal, the Society’s highest mark of honor, on May 3, 1973.

Subsequently, the OreriD FoErsTER-Memorial Lecture “The Treatment of Intra-
medullary Spinal Cord Tumors and Cervical Syringohydromyelia® has been in-
cluded in this volume.

Editing has been restricted to rearrangements and small corrections. No homo-
geneity of style was attempted. The editors considered that rapid publication
should be their main objective and preferred to publish as early as possible.
Therefore, the texts submitted have been included almost in their original form.
We take great pleasure in expressing our thanks to Springer-Verlag for technical
aid in the preparation of the first volume of the series of Advances in neuro-
surgery, for its fPrornpt publication and its acceptable price, with the hope of
success in the future.

Mainz, July 1973 KURT ScHURMANN
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Chapter |.
Pathophysiology of Brain Edema



Pathophysiology of Brain Edema: Pathological Aspects
. KLATZO

Accepting the definition of edema as an abnormal accumulation of a fluid in a tissue,
two basic types of brain edema (BE) namely, vasogenic and cytotoxic have been
recognized (5). This classification is based on recognition of two fundamentally
different pathomechanisms involved, as well as, on predominance of extracellular
or intracellular localization of the edema fluid in respective types.

As much as the vasogenic type of BE is clinically most important (it occurs as the
complication of brain traumatic lesions, brain tumors, cerebro-vascular accidents,
inflammatory lesions, etc.) it has been extensively studied in various experimental
models, particularly in the one based on cold injury (4).

In view of recent reports, and great potential significance of biogenic amines, Dr.
J. COSTA from our laboratory has examined these compounds in the model of cold
lesion BE in cats. Both specific histofluorescent observations and quantitative
assays were undertaken. Dopamine, norepinephrine, and serotonin were studied.
For quantitative assays, (Fig. 1) blocks of brain tissue were taken from area of
immediate cold lesion, edematous white matter, and control areas from the
adjacent gyrus. Dr. COSTA’ s results indicated that dopamine values were similar
in all blocks of the tissue examined. Norepinephrine was about 25% lower in area
of cold lesion and in edematous white matter than in the adjacent control gyrus. On
the other hand, serotonin in the area of cold lesion was about four times higher
than in control gyrus and its levels in the edematous white matter were approxi-
mately equal to the control values. Specific histofluorescent observations according
to the method of Flack and Owman (2) revealed in the area confined only to the

cold lesion a striking yellow-green fluorescence of blood vessels, compatible in
color to that described for serotonin. The final proof that serotonin was responsible
for characteristic fluorescence of the blood vessels and thus accounted for high
quantitative values of serotonin in area of lesion was obtained by the courtesy of
Dr. DEMERJIAN at the Albert EINSTEIN College of Medicine, who performed
specific microfluorometric measurements which unequivocally identified fluores-
cent substance as serotonin.

The discovery of the presence of serotonin in the injured blood vessels in the area
of cold lesion acquires a special significance in view of the recent observations of
Westergaard and Brightman from our laboratory which indicate that serotonin
introduced via the cerebrospinal fluid into the brain parenchyma may increase the
permeability of arterioles. It is thus conceivable that serotonin in injured blood
vessels in our cold injury model, as well as in clinical cases of brain trauma
associated with vascular injury, may present an important factor influencing the
permeability of cerebral blood vessels and the dynamics of vasogenic brain edema.



The cytotoxic type of BE has been much less explored than the vasogenic one.
Pathogenesis of cytotoxic edema is related to some toxic factor affecting directly
cellular elements of brain parenchyma causing their swelling. Since in this case
the essential event is the intracellular uptake of water, which itself passes freely
through the blood-brain barrier, the permeability of cerebral blood vessels
remains usually unchanged. The parameters of the cytotoxic type of BE have been
evaluated in greater detail only in intoxications such as triethyltin (1) or hexachlo-
rophene poisonings (6). Yet there has been a number of indications that the most
clinically important cytotoxic edema may be related to an acute oxygen deficiency,
and particularly it may be manifest in the cerebral ischemia. For example,
swelling of brain parenchyma cells, particularly perivascular astrocytes, has been
recognized for a long time to occur invariably as a postmortem change or following
an imperfect fixation, i.e., conditions in which an acute oxygen deficiency
constitutes a predominant feature.

Brain edema, following a regional ischemia, has been recently investigated in our
laboratory using Mongolian gerbils (Meriones unguiculatus). In these animals, due
to an anatomical pecularity of the circulus of Willis, a unilateral ligation of the
common carotid produces ischemic infarction in the ipsilateral hemisphere in 30%
of cases. According to studies of Dr. GO Visiting Scientist from the University of
Groningen, Holland in which edema was evaluated on the basis of wet/dry weight
ratios, BE becomes noticeable in the infarcted hemisphere already 3 hours after
ligation and it reaches its peak at 18 hrs. interval (Fig. 2). Interestingly, only
then, 18 hrs. after carotid ligation, there is a demonstrable alteration of the
blood-brain barrier in the ischemic hemisphere as tested with the Evans Blue
indicator. Such remarkable '"resistance' of the blood-brain barrier following
ischemia has been reported previously by HOSSMANN and OLSSON (1972); in the
case of gerbils this indicates that vascular permeability to serum proteinsremains
unimpaired during the development of BE up to 18 hours after ischemic insult, and
thus this period of edema appears to be of cytotoxic type. A further strong support
for such assumption comes from the morphological observations of the ischemic
brain areas in gerbils, which even in ordinary light microscopic preparations
clearly showed that accumulation of the edema fluid is primarily in intracellular
location (Fig. 3). The studies described thus indicate that ischemic BE is prima-
rily of the cytotoxic variety and that only in the later stages severe injury to the
cerebral blood vessels with breaking down of the blood-brain barrier may add a
vasogenic component. Furthermore, these studies demonstrate how great is
variety of pathophysiological events in the development of brain edema. It is only
recently that we began to grasp the complexities of cerebral vasoregulation and
how much it affects the supply of oxygen and transport of essential nutrients. We
should know much more about the factors regulating water movement across the
cellular membranes.

The progress in understanding of basic pathophysiology of BE is nevertheless
impressive and here lies our best hope that continuation of these basic studies will
eventually provide foundation for rational and effective clinical management of

BE.



Fig. 1. Cold lesion injury in cat. Thenumbers represent blocks of tissue subjected
to quantitative assay on biogenic amines. 1 - area of cold injury, 2 and 3 - edema-
tous white matter, 4, 5 and 6 - control tissue from the adjacent gyrus

Fig. 2. Six hours ligation of the left common carotid artery in gerbil. Pickworth-
Lepehne stain for erythrocytes demonstrating a picture of passive hyperemia in
the enlarged, edematous left hemisphere

Fig. 3. Cerebral cortex of the left hemisphere of the gerbil subjected to six hours
ligation of the left common carotid artery. Extensive vacuolation due to intra-
cellular accumulation of the fluid. Hematoxylin and eosin; X 340
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Pathophysiology of Cerebral Edema: Chemical Aspects™

A. BAETHMANN and P. SCHMIEDEK

Chemical or biochemical investigations in cerebral edema may be concerned with
a variety of subjects, as e.g. the chemical composition of the edematous tissue,
or the edema fluid itself, the distribution of the edema fluid within the tissue, and
the metabolic tissue response to edema.

In the present paper it is attempted to analyze and compare changes of the electro-
lyte and water content as well as other parameters in various forms of brain edema,
which according to the definition as introduced by KLATZO (16) may be described
as vasogenic or cytotoxic.

In Fig. 1 the electrolyte and water changes in three different experimental types

of vasogenic edema, such as after cold lesion, tumor implantation, or acceleration

concussion of the mobile skull (10, 20,22) are shown. The net water-, sodium- and

potassium increasesin samplesof gray and white matter or mixed cortical and

white matter were calculated on dry weight basis according to the data published

by the respective authors. In addition, the tissue swelling was computed in volume
AHzo%

percent utilizing the ELLIOT and JASPER (8) equation e x 100 where aHO
o

is the difference in percent water content of control and experimental tissue and
dw % the dry weight in percent of the edematous tissue. The figures on top of the
Columns give the electrolyte concentrations of the edema fluid, which were calcu-

A
lated again on dry weight basis byA—g%ﬁ x 1000, where &ANa, or K or AH0

2

signifies the difference of the control and experimental conditions of the respective
parameters.

The variability in magnitude of the edema as well as the different susceptibility of
gray and white matter can easily be concluded from the different experimental
models shown. In the case of skull trauma in rats (acceleration concussion) no
separation of gray and white substance was attempted. It is suggested that the
rather small but still significant changes found in non separated cerebral tissue
after blunt skull injury may be due to a mixing of affected and unaffected tissue,

The calculation of the electrolyte concentration of the edema fluid, taken up by the
brain, provides some clues concerning its origin. The figures obtained from
PAPPIUS’ s experiments suggest a close relationship of the edema fluid in the white

+) Supported in part by DFG-Sonderforschungsbereich 51 - Medizinische Molekular-
biologie und Biochemie - and by US PHS Grants 1 FO 5 TWO 1688 and NB-07658



matter with plasma, whereas the Na-concentration of 57 megq/1 of the edema fluid
in the experiments of REULEN et al. bears no such similarities. However, it is
impossible to exclude that a mixing of the two different tissues can be the cause
for this. Since only the Na/K ratio was given in HERZOG’ s study, the respective
edema concentration could not be calculated.

The Na- and K-concentration of the edematous white matter is more or less related
with the tissue water content as indicated by Fig. 2, where the electrolyte concen-
trations were plotted versus the dry weight of the tissue. The regression lines
symbolize a Na- or K-water relationship assuming the edema fluid to be whole
plasma or a plasma-filtrate, The distribution of the individual values suggests the
edema fluid to be more similar to a plasma-filtrate than to plasma itself. Studies
in perifocal edematous brain tissue in man revealed virtually the same for the
Na-water relation in white matter, however, not in edematous gray matter (24).
The different Na-water regressions in gray and white matter may also be indicative
for different properties of the edema in both tissues (Tab. I).

CLASEN et al. analyzed directly the fluid he was able to obtain from edematous
white matter by centrifugation of the tissue (5). Table I gives the electrolyte and
protein concentration or of protein equivalents such as EVANS blue or RIHSA of
the edema fluid in experimental cerebral edema produced by cold injury. The
corresponding data measured in the plasma of the same animals are given for
comparison. The more or less constant relationship between the electrolytes or
between the protein equivalents of the edema fluid and plasma should be noted. The
similarity of the respective figures of the edema fluid which have been calculated
from the data of PAPPIUS and GULATI, particularly of potassium, and the values
which have been directly analyzed,is striking.

The edema fluid in the white matter to be protein-rich in the cold injury model can
also be concluded from direct studies from the affected tissue as repeatedly in-

Table I. Chemical constituents of edema fluid in the white matter *)
Edema Fluid Plasma E/P
Na® 123. 4 meq/1 143.0 meq/1 0.86
c1” 86.7 megq/1 110.0 megq/1 0.79
k' 15.0 meq/1 - -
Albumin 1.9 % 2.1 % 0.87
Evans Blue 16.4 mg% 31.8 mg% 0.52
RIHSA 7.5 cpm/mg 9.0 cpm/mg 0.83

*) from GLASEN, R.A. et al. (5); E/P: edema / plasma ratio



vestigated in different forms of edema (11, 12,14,15). RASMUSSEN and KLATZO
(21) subjected edematous white matter to disc-gel-electrophoresis (Fig. 3) and
found 24 hours after cold injury a marked increase of the albumin and pre-albumin
content compared to the uninjured hemisphere. Five days later the albumin content
was found normal, with the pre-albumin still slightly increased and a now more
prominent ¥ -globulin profile.

The influence of the tissue blood content which in'edematous white matter (cold
injury) may be increased to a fivefold level compared to normal (29)} should not be
neglected in chemical analyses of edema-tissue, since it may affect the correlations
of the various edema parameters, as e.g. between the tissue Na- and water-con-
tent, leading to erroneous conclusions. Other types of edema are shown in Fig. 4,
which according to KLATZO can be characterized as cytotoxic or metabolic, since
an initial involvement of metabolic derangements of cellular elements may be
inferred from the biochemical effects of the edema inducing substances used.

Triethyltin (TET) is shown to inhibit mitochondrial metabolic activity (19). The
TET edema accumulates mostly in the white matter within splits of the myelin
lamellae, the grey matter remains virtually unaffected (2). 6-aminonicotinamide

is a nicotinic acid compound, where in position 6 an amino-group replaces a proton.
The homologous compound is utilized for the pyridine nucleotides NAD or NADP
on account of the low specifity of the synthesizing enzyme (6). Dinitrophenol inter-
feres with the oxydative production of energy-rich phosphate compounds rendering
the cell deficient of metabolic available energy. The administration of the latter
two compounds mentioned, also induces a significant, though more moderate
electrolyte and water accumulation in the cerebral tissue (4,23). The Na-concen-
tration in the edematous gray matter after TET of 720 meq/l is quite different from
plasma values, however, the white matter edema was found to have a concentration
similar to plasma, of 133 meq/l which may be surprising in face of the blood brain
barrier found intact to other plasma constituents such as vital dyes or RIHSA. The
electrolyte concentrations as calculated in the edema fluid of the 6-AN-or dinitro-
phenol-edema differs considerably from plasma values which cannot be reconciled
with an edema fluid representing a plasma-filtrate which accumulates simply
within the extracellular space, provided the white and gray matter is equally
affected in these edema types which however is not known.

Corresponding investigations on human cerebral edema have also been performed
in autopsy material or in biopsy specimens taken during neurosurgery. In Fig. 5,
changes of the water and electrolyte content and the resulting tissue swelling is
shown in edematous grey and white matter surrounding tumors, or in malignant
hypertensive encephalopathy. Again, in these edema types the white matter seems
to be predominantly affected particularly as inferred from the post-mortem studies
of STEWART-WALLACE or ADACHI et al. (1, 30) who, in addition, subjected their
material to fixation before measuring the water content. When perifocal tissue was
sampled in vivo from patients which were operated on due to intracranial neoplasms,
a more pronounced edema accumulation within the gray matter became apparent,
although the white matter swelling still exceeds that of the gray matter by three
times (24).

Biochemical tissue analyses of edema parameters can also be applied in order to
evaluate the effects of therapeutical measures on cerebral edema more directly.
This has been tried in Fig. 6, where from the chemical changes (e. e.: the difference
between control and edema tissue) found in edematous white and gray matter
obtained from the data of REULEN et al. (ref. Fig. 5), the differences in water,



Na- or K. content between a specifically pre-treated and an untreated group of
patients have been subtracted. The therapy consisted of a 3-5 day pretreatment
with 10 mg/day of aldosteroneX) (i.m.) which is employed at the Department of
Neurosurgery in Munich or of 24 mg/day of Dexamethasone®**) (i.m.) which is used
at the Department of Neurosurgery in Mainz (25,26). The columns surrounded by
dotted lines with an arrow thus respresent the amount of edema and of electrolytes
being removed by the treatment, the solid white or black columns symbolize the
remainder of the edema in the white and gray matter. We are aware of the limi-
tations this kind of approach necessarily has, but we consider it permissible, since
we were only comparing relative changes and not absolute figures.

The question where to localize the edema fluid within the tissue can also be studied
by biochemical techniques. Table II gives a compilation of the uptake of plasma
proteins equivalents, or of extracellular space labels in various forms of vasogenic
or cytotoxic edema (Tab. II). In the vasogenic type, the accumulation of plasma

Table II. Blood - brain - barrier and extracellular space in brain edema

VASOGENIC Vital dyes Serum Protein ECS-Substances

gray (A () (A
white f f f

Tumor+) gray ( ﬂ ) (ﬂ ) ( f] )

Ballon

PPD white f f f

cold lesion

CYTOTOXIC

gray g g ¥
Triethyltin

white [/ . ¥
2.4 DNP - - ¥
+)

from SCHEINBERG, L.C., I.HERZOG, J.M.TAYLOR and R.KATZMAN:
Ann.N.Y.Acad.Sci. 159: 509-532 (1969)
PPD: the edema was produced by implantation of a purified protein derivative (PPD)

x) Aldocorten, CIBA AG, Wehr, Baden, W-Germany
xx) Decadron Phosphat, Sharp und Dohme, Minchen, W-Germany



constituents or of ECS-labels is far more pronounced and distributes more widely
in the white matter than in the gray matter. In the cytotoxic forms, as e.g. in the
TET model, there is no uptake of vital dyes or plasma proteins, neither in gray
nor in white matter. The uptake of ECS-markers such as sulphate or thiosulphate
even when administered via ventriculo-cisternal perfusion (28) is significantly
reduced. Therefore, the increased tissue water content in metabolic edema probably
accumulates within the intracellular compartment simultaneously reducing the
extracellular space. To our knowledge, the blood-brain-barrier properties have
not been analyzed after administration of 2, 4 dinitrophenor 6-aminonicotinamide.
An accumulation of edema fluid within the intracellular compartment appears to

be supported by a great number of electronmicroscopical reports. However, the
fixation techniques generally in use for electronmicroscopy may cause by
themselves alterations of the ultrastructure, particularly of the intra-extracellular
volume distribution, thus leading to erroneous interpretations of the morphological
findings. Fixation by freeze-substitution which was shown to affect the intra-
extracellular distribution of tissue fluid to a lesser extent (31), was applied in
experimental brain edema produced by the nicotinic acid homologue 6-aminonico-
tinamide (4). Figure 7 is an electronmicrograph of the molecular layer of the
cerebellar vermis of a control and edematous animal. This part of the cerebellar
cortex is characterized by the abundancy of non-myelinated nerve fibers, synaptic
contacts and processes of glial elements. In the control preparation the extra-
cellular space can easily be recognized immediately under the pia-glia surface
membrane, within the axon fields, or surrounding synaptic structures. The
electron density of the cellular elements is more or less equal. The most
pronounced feature in the edema preparation (lower pannel) is the appearance of
swollen cellular elements, probably of glial origin, e.g. around the pre- and post-
synaptic endings, rendering the axons closely packed. The extracellular space,
however, is still visible in the edema preparation. From the preparation, it may
be concluded that this type of cytotoxic or metabolic edema is intracellularly
localized, however, without disappearance of the extracellular compartment.
Impedance studies in the same experimental model in rats corroborate these
findings as far as a moderate reduction of the extracellular compartment is
concerned (4).

In the following, the biochemical response of the cerebral tissue to edema shall
briefly be mentioned. An involvement of energy metabolism in the development of
cerebral edema constitutes an attractive concept which is favoured either by
experimental observations about edema production by metabolic inhibitors, some

of them have been presented in this context, or by in vivo or in vitro findings on
alterations of metabolic activity in edematous tissue (7,9, 17). Also, in human
cerebral edema this aspect has been scrutinized by several groups including
ourselves (13,18,24,27). In human cerebral edema, investigations of labile tissue
metabolites, such as the energy-rich phosphates, or the lactic or pyruvic acid
concentrations are impeded by the technical problem of tissue sampling under
freeze-stop conditions. A substantial improvement has been achieved by SCHMIEDEK,
who in collaboration with the Linde AG in Munich, developed a safe and sterile
biopsy technique praticularly suited for studies in man. This device was applied in
clinical studies on tissue concentrations of the energy-rich phosphate compounds or
of glycolysis parameters. In Table III, the phosphocreatine content, the ATP/ADP
ratio, or the energy charge potential are shown as measures of the energy state of
the tissue (3), which may reflect the state of oxygen supply, as well as the lactic
acid concentration and the lactate/pyruvate ratio of 26 biopsy specimen of cortical
tissue adjacent to a brain tumor. Since for obvious reasons, human control material
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Table III. Energy - metabolism in perifocal cerebral cortex

CrP Lactate
ATP/ADP E C L P
(jaM/g £w) / (jaM/g 1) 2e/Pyx
Edema 3.53 2.68 4.18 0.78 20. 48
n = 26 +0. 34 +0.22 +0. 56 +3.13
1

Controls 2.98 4.00 1. 40 0.85 4,32
(dog) +0.15 +0.21 +0.13 0.4
1dog) +0. +0. +0. +0.40

CrP = Phosphocreatine, ATP = Adenosinetriphosphate, ADP = Adenosinediphosphate
Lac/Pyr = Lactate - Pyruvate ratio, E C = energy charge potential (3)

_ATP + 0.5 ADP
" ATP + ADP + AMP

is almost inaccessible, metabolite data obtained from canine cortex under control
conditions are shown for comparison. Therefore, we are aware of the fact that
conclusions can only be drawn with some reservation. The parameters of the
energy state, e.g. the ATP/ADP ratio or the energy charge potential are only
slightly reduced in the perifocal tissue compared with control cortex, which is
contrasted, however, by the considerably enhanced glycolytic activity as seen from
the rise of lactic acid or of the lactate/pyruvate ratio. Consequently, direct edema
parameters, as e.g. the tissue water content were found to correlate significantly
with the lactic acid concentration (r=0, 52; p<0, 01) or the lactate/pyruvate ratio
(r=0, 48; p<0, 05), whereas no correlations could be established between the energy
state and the water content (27).

Conclusions

In the present paper, an attempt was made to demonstrate that chemical analyses
of edematous tissue also support the concept advanced by KLATZO, of mainly two
representatives of brain edema, namely the vasogenic and cytotoxic type. It
appears safe to suppose that the clearcut definition of one type of edema only rarely
applies to human brain edema but rather that a combination with a more pronounced
vasogenic or more pronounced cytotoxic component prevails. The significance of
the vasogenic edema type for human conditions may more easily be understood as
being due to the more marked swelling, or the similarity of the chemical findings
between experimental and clinical conditions. The role of cytotoxic brain edema

in human edema forms is less evident, and can only indirectly be evaluated at the
moment. However, the indirect evidence available seems to be convincing, as e.g.
the production of brain edema by metabolic inhibitors, which may be paralleled in
clinical situations by lowering the oxygen supply to the CNS due to local or general
circulatory failures, or during general metabolic intoxications, for example in
diabetic coma. The problem to understand the cytotoxic edema in man may be due
to the fact,that manifestations of cytotoxic edema are superimposed or even
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modified by the vasogenic component, and/or that the analytical approaches to study
cytotoxic edema in man are more limited than for the vasogenic type.
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Fig. 1. Changes of the cerebral electrolyte and water content in brain edema after
cold injury (Kéiltetrauma), in perifocal tissue surrounding an implanted tumor,
and after acceleration concussion of the mobile skull of rats (stumpfes Schidel-
trauma). The differences in electrolyte and water content have been calculated on
dry weight (TG) basis. In perifocal tissue (HERZOG et al.) the changes of the
molar Na/K ratio computed on fresh weight basis are given. The percent tissue
swelling (Vol#, Schwellung) is obtained by the ELLIOT and JASPER equation. The
grey and white matter is symbolized by white or black columns respectively. NaEw,
or Kgpw gives the concentration of the electrolytes as computed in the white matter
ANa, K(meq/kg dw)
AH20(ml/kg dw)
concentration in mixed gray and white matter after skull trauma in rats

x 1000. Nag, Kg is the electrolyte edema

edema fluid by
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Fig. 2. Correlation diagram between the tissue Na- or K-concentration (meq/kg
fw) and the percent dry weight of edematous white matter of the cat (cold injury).
The solid lines and the dotted lines were computed assuming the edema fluid to be
whole plasma or plasma filtrate

0 = untreated, e = pretreated with cortisone

(from: PAPPIUS, H. and D.R.GULATI, 20)
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Fig. 3. White matter proteins of edematous tissue separated by disc gel electro-
phoresis. The edema was produced by cold 1n_]ury of the exposed cortical surface.
5 days after traumatization the albumins returned to control levels, with a
persistent elevation of the pre-albumins. The initially normal )y -globulins rose
slightly after 5 days

(from: RASMUSSEN, L.E. and I.KLATZO, 21)
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Fig. 4. Changes of the water and electrolyte content (difference between control
and experimental animals) in cytotoxic brain edema calculated on dry weight (TG)
basis from the data of ALEU et al. (2), BAETHMANN and van HARREVELD (4),
and REULEN and BAETHMANN (23). The tissue swelling (Vol A, Schwellung) is
given in percent volume (ref. to the text). Gray and white matter is symbolized by
white and black columns, respectively. Mixed gray and white substance are shown
as screened columns. Na ggs, =(Na+) concentration of the edema fluid in the gray
substance, Napys., =edema (Na™) in the white substance, Nag, Ki =edema
electrolyte concentration in mixed gray and white matter. For calculation ref. to
the text. TET = triethyltin, 6-AN = 6-aminonicotinamide, 2,4 DNP = dinitrophenol



Tumor

( STEWART-WALLACE)

Na_, =132.5 meq/1

K- = 2.9meq/!l
Ew ~70%
21.00[-
[N l ~40%
-
[=}
D 1200} 800’
o
X
E
S 800 -.20%
<
400 0
ot 0%

AH0 ANa AK - Volf

AH0

16

Hypertension

(ADACHI et al.)

Vol /

1200 r

600 -

20%

10% 0 -

0%

Tumor

(REULEN et al.)

N°Eg = 275 meq/|
Na, = 118 meq/I

AHO ANa

AK

Vol #

-130%

~.20%

410%

0“/.

Fig. 5. Tissue swelling (Schwellung) and changes of the electrolyte and water
content on dry weight basis (ref. also to Fig. 1 and 4) in human perifocal edema
or in malignant hypertension, computed from the data of STEWART-WALLACE
(30), ADACHI et al. (1) and REULEN et al. (24). Only the data of REULEN reflect
in vivo conditions. The figures on top of the columns give the calculated electro-

lyte concentrations in the edema fluid of white matter (Eyw) or gray matter (Eg) in

milliequivalent per liter
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Fig. 7. Freeze-substituted molecular layer of the cerebellar vermis of a control
®and after 6-aminonicotinamide (continued on p.18)

<

Fig. 6. The effect of treatment with aldosterone or dexamethasone (i.e. Odemaus-
schwemmung) on perifocal brain edema in man. Taking the edematous changes

( aH,0, ANa, AK) in perifocal areas, calculated from REULEN et al. (ref.

Fig. 5) as a basis, the differences of the specifically pretreated and untreated
groups of patients were subtracted (dotted lines). The solid columns (white = gray,
black = white matter) symbolize the amount of edema remaining in the tissue
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Fig.7. (continued) @ showing non-myelinated nerve fibers, endfeet

of BERGAMNN fibers, synaptic contacts and glial processes. The extracellular
space is present under the pia-glia surface membrane, or in the axon fields. In
@the glial components are moreelectronstransparent than in the control preparation
and have a swollen appearance, the extracellular space seems to be moderately
reduced. The calibration line is 1/1

(from: BAETHMANN, A. and A. van HARREVELD, %)



Capillary Lesions and Hemorrhages in Brain Edema

F. MATAKAS, T. KLEMANN, and J. CERVOS-NAVARRO

Intracranial hypertension is the most important consequence of brain edema. If the
intracranial pressure exceeds a critical value it may reduce intracranial perfusion
pressure and cerebral blood flow (CBF) (HEDGES, WEINSTEIN, KASSELL, STEIN,
1964; RISBERG, LUNDBERG, INGVAR, 1969; JOHNSTON, ROWAN, HARPER,
JENNETT, 1972). Apart from the brain edema itself the immediate sequelae of
intracranial hypertension are only of physiological nature. However, if they persist
for some time they are soon followed by vascular lesions. The capillary lumen
may be narrowed by endothelial swelling. Midbrain hemorrhages occur when brain
edema develops to brain death. - The following experiments were undertaken to
clarify the mechanism of both phenomena.

Material and methods

Six baboons and 11 cats were used for the experiments. All animals were anesthe-
tised with pentobarbital sodium (40 mg/kg i.m.), relaxed with succinylbischol ine,
and ventilated by means of a Starling pump via an endotracheal tube. Arterial
pressure, ECG, EEG, body temperature, epidural pressure, and blood gases were
constantly recorded. In 10 animals cerebral ischemia was produced by intracranial
hypertension: An epidural balloonwas inflated or mock CSF was injected into the
intracranial space until the intracranial pressure equalled arterial pressure. In

7 cats the brachiocephalic trunk and the left subclavian artery were clamped.
Cerebral ischemia lasted 20 minutes in all experiments. In those experiments
which lasted for more than 1 hour sodium and potassium of the blood were con-
trolled all 6 hours and balanced. Metabolic acidosis which developed after ischemia
was compensated by Tris buffer, but not earlier than 2 to 3 hours after ischemia.
Nine animals were sacrificed 1 hour, 2 animals 6 hours, and 6 animals 12 to 48
hours after cerebral ischemia. The animals which did not survive more than 1 hour
were perfused with a carbon suspension before the end of the experiments. The
rest of the animals were perfused with glutaraldehyde. Tissue samples of the brain
were taken from all animals for electron microscopy.

Results

The technique for producing cerebral ischemia had no influence on the results. In
all animals the EEG became isoelectric within 10 to 20 seconds after the beginning
of cerebral ischemia. The mean arterial pressure after ischemia had to be raised
by norepinephrine. It was maintained between 80 and 100 mm Hg. In all animals
intracranial hypertension developed. One hour after cerebral ischemia the intra-
cranial perfusion pressure was usually not greater than 30 mm Hg.
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One hour after ischemia wide areas of the cerebrum were not perfused by the
carbon suspension (Fig. 1). The nonperfused areas of the crebral cortex were
predominantly located in the superior parts of the brain. The basal ganglia and
brain stem showed only minor defects. Six hours after ischemia there was no
perfusion of the cerebrum and large defects in the brain stem. After 12 hours the
whole brain was not perfused. In most cases the defects were roughly symmetrical
in both hemispheres.

In those areas where no perfusion hadoccurredthe capillaries and venules showed
severe lesions. The endothelium was thickened, the lumen was narrowed. In those
animals which had survived more than 6 hours more than 80% of cerebral capilla-
ries and venules were obstructed by endothelial swelling, blebs, or impacted
erythrocytes (Fig. 2).

All animals had developed brain edema. The astrocytes, particularly in the peri-
vascular region, were swollen and had a watery cytoplasm. Brain edema was
moderate after 1 hour and extreme after 24 hours.

Six hours after cerebral ischemia small hemorrhages were found in the midbrain.
They were most numerous in the medial parts of the midbrain, but extended in
some cases into the posterior parts of the basal ganglia and medial parts of the
occipital lobe (Fig. 3).

Discussion

Cerebralischemia causes brain edema (REULEN, STEUDE, BRENDEL, HILBER,
PRUSINER, 1970). Brain edema may cause intracranial hypertension and impair-
ment of venous drainage (HEKMATPANAH 1970). As a consequence, the intra-
cranial perfusion pressure is reduced and CBF diminishes. In our experiments the
brain was subjected to a reduction of CBF by two mechanisms. Ischemia was first
artificially produced for a limited time period. Afterwards brain edema and intra-
cranial hypertension developed. Since in all animals the intracranial perfusion
pressure fell to low values it seems justified to assume that the cerebral circula-
tion was considerably reduced or even completely stopped. However, the results
of our experiments show that another mechanism developed which must have
contributed to disturbances of the cerebral circulation, viz. the lesions of
capillaries and venules. Such lesions were first observed by HILLS, (1964) and
CHIANG, KOWADA, AMES, WRIGHT, MAJNO (1968) immediately after cerebral
ischemia. Only HILLS (1964) observed capillary obst ruction after longer periods
of recovery, but had applied a different technique. The results of our experiments
demonstrate that the degree of capillary lesions increases in correspondence to the
development of brain edema. In brain death all capillaries are affected (MATAKAS,
CERVOS-NAVARRO, SCHNEIDER, 1973).

AMES, WRIGHT, KOWADA, THURSTON, MAJNO (1968) and GINSBERG, MYERS
(1972) observed incomplete perfusion of the brain immediatelyaftercerebral ische-
mia. Though in our experiments obstruction of capillaries was confined to such
nonperfused areas we think that they were the result rather than the cause of the
"no-reflow'" phenomenon. The distribution of lesions makes it probable that first
venous compression by brain edema caused a regional stop of the circulation,
which was followed by lesions of the microvasculature.

Severe brain edema after cerebral ischemia or anoxia develops in two phases.
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First intracranial hypertension is confined to the supratentorial space. Because of
the "Axialverschiebung' (RIESSNER, ZULCH, 1939) hypertension in the infraten-
torial space may follow after an interval of some hours. This is proved by the fact
that the no-reflow phenomenon was observed in the infratentorial space later than
in the supratentorial space. The well-known fact that in brain death a stop of the
intracranial circulation is first observed in the carotid artery and later in the
vertebral artery is another support for this assumption. Thus brain edema
beginning in the supratentorial space may reach a point of development where the
veins draining the midbrain are compressed because they empty into the vein of
Galen (HOLDORFF, CERVOS-NAVARRO 1971) while the arteries of this area are
still supplied by the vertebral system. Obviously the midbrain hemorrhages
develop in this phase. This explains why they are nearly always found in severe
brain edema which started in the supratentorial space (KLINTWORTH, 1966) but
usually only after an interval of some hours.
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Fig. 1. Cat. coronal section. One hour after cerebral ischemia of 20 minutes.
Large areas of the brain are not perfused



Fig. 2. Baboon. 12 hours after cerebral ischemia.

endothelium. x 4, 500

Fig. 3. Cat. six hours after
cerebral ischemia.
Hemorrhages in the midbrain
and in medial parts of the
occipital lobe

Swelling of the capillary



Blood Brain Barrier and Scintigraphy

L. PENNING and D. FRONT

A scintigraphic study of brain contusion confronted us again with the problem of
the blood-brain barrier. It is generally accepted that damage of the blood-brain
barrier is a cause of scintigraphic visualization of a brain lesion. However, the
problem in brain tumors is quite different from that in brain contusion. It should
be remembered that in tumors we are dealing with non-cerebral tissue. Their
visualization in fact is dependent on the presence or absence of a blood-tumor
barrier. Brain contusion serves as a pure model to study scintigraphically the
damage of the blood-brain barrier itself.

Due to shortage of time we will have to limit ourselves to the demonstration of one
illustrative case. It concerns a seven-year-old girl with a brain contusion after a
car accident. There was a linear fracture of the left temporal bone. The scinti-
graphs made after 5 days (Fig. 1 a and b) demonstrate a diffuse lesion of the right
hemisphere in the posterior view; in the lateral view only slight abnormalities in
the temporo-occipital region are noticed. The scintigraphic investigation 3 weeks
after the accident (Fig. 2 a and b) shows a quite different picture: a well-defined
wedge-shaped lesion in the right occipital region. The rest of the right hemisphere
has returned to normal. In a third study 4 months after the accident (Fig. 3 a and
b) all abnormalities have disappeared.

What is the significance of those scintigraphic findings? The diffuse and vague
shadow in the first investigation is often observed in the early stages of brain
contusion. It has a tendency to disappear for the largest part rather quickly. In
our opinion it represents the brain contusion with resultant brain edema. In the
edematous region the brain tissue is not permanently damaged, which explains the
quick disappearance of the largest part of the diffuse and vague scintigraphic shadow
What we see in the second investigation closely resembles brain infarction due to
primary vascular disease. Histological investigation of brain specimens after head
injuries has shown that traumatic brain infarction is a common finding. Like non-
traumatic infarction the lesion appears only after a certain interval of time. The
last series of pictures shows that even large lesions may disappear completely at
the end.

In conclusion we should like to stress that brain contusion serves as a suitable mo-
del to study in vivo traumatic lesions of the blood-brain barrier. Using sodium
pertechnetate as a blood-brain barrier tracer we are now investigating in how far
the observations in cold-injury animal experiments are correlating with our own

in vivo scintigraphic findings.
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Biochemical Disturbances in Experimental Brain Edema

A. GROMEK, D. CzAJKOWSKA, Z. CZERNICKI, J. JURKIEWICZ,
and A. KuNIckI

‘The present studies were undertaken to examine the initial state of brain edema
and the accompanying biochemical changes. We were especially interested in the
reversible early changes.

An extradural balloon was used to induce brain edema in cats according to the
method fo ISHII et al. (3). The duration of the experiment was 2 h (on the basis of
our previous observation that the intracranial pressure starts rising after 2 h of
brain compression).

Two groups of mongrel cats were used in the studies described: 19 animals with
spontaneous respiration and 6 with artificial respiration. The control group
consisted of 7 cats. From the group with spontaneousrespiration we eliminatedall
cats with severe respiratorydisturbancesandother complications e.g.hemorrhage
sothatonly 9 cats wereleftfor finalanalysis. The animals were anesthetized with Nem-
butal (40 mg/kg body weight). A burr hole was made on the left occipital region and
a bolt-screw with a latex balloon was screwed in. The balloon was inflated slowly
at a rate of 0,2 ml every ten minutes to reach the final volume of 0,7 to 1,1 ml in
the group with spontaneous respiration and 0, 1 ml in the group with artificial
respiration. The respiratory parameters were selected on the basis of gasometric
measurements: pH, p0p, pC02. After 2 h of brain compression with the final balloon
volume brain tissue samples were taken from the left occipito-parietal region of
animals still alive. The animals were then sacrificed.

The samples were examined in an electron microscope and biochemically under
the three following aspects: oxidative phosphorylation, ATP-ases and free fatty
acids (FFA). Oxidative phosphorylation was estimated by determining the respira-
tion control index (RCI) and the index of oxidative phosphorylation ADP/O. Isolated
mitochondria were examined accordingto the method of CHANCE, Mg and DNP-ATP-
ase activity was calculated according to the method Fiske-Subbarow. Free fatty
acids were determined using the colorimetric method of Itaya and Ui.

The results obtained are shown in the table I and the figures 1 and 2.

Table I concerns oxidative phosphorylation. There is a very slight reduction of RCI
and ADP/O, which is higher in the group with spontaneous respiration. The ADP/O
index decreased a little more than RCI, but there are values in both animal groups
which correspond to the control group values. When albumin was added to the
reacting solution in order to remove FFA, oxidative phosphorylation increased to
values comparable with the control group. Thus oxidative phosphorylation is
uncoupled very slightly, less for animals with artificial respiration (Fig. 1).

28
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Table I. Oxidative phosphorylation in mitochondrial fraction from cat brain
hemispheres

EXPERIMENTAL RCI 9 ADP/O
CONDITIONS - Albumin | + Albumin - Albumin | + Albumin

A. Control 7,46%0,84 | 10,30%0,43 | 2,79%0,14| 2,94%0,10
Edema with + + + +

B. natural 3,1320,73 4,31-0,97 1,90-0, 35 2,1020, 37
respiration
Edema with + + + +

C. artificial 4,50-0, 48 7, 88-0, 68 2,4120,16 2,71-0,20
respiration

9)

‘Albumin concentration -04%

The activity of Mg-ATP-ase, DNP-ATP-ase and Mg-DNP-ATP-ase is distinctly
lowered. For Mg-ATP-ase this reduction is approximately 25% (Fig. 2).

The main biochemical changes concern the free fatty acid concentration. A signi-
ficant rise of FFA was detected both in the homogenate (1,5 times) and in the
mitochondrial fraction (3 times). (Fig. 3)

The electron microscope examination showed changes in the structure of some
mitochondria, an increase in size of the astrocytes surrounding the capillaries
and an enlargement of endoplasmic reticulum. There was also a slight alternation
of myelin. No signs of destruction were observed.

The results of the examinations performed indicate the great influence of respira-
tory disturbances on the course of the experiment. Thus, in experiments with
brain edema only animals with artificial respiration should be used. One should
also stress the great role of anesthesia.

Very interesting results were obtained in the albumin test. This test seems to
indicate that free fatty acids participate in the uncoupling of oxidative phosphory-
lation. It is in agreement with the results of SATO et al. (5) and YAMAGUSHI et
al. (6). In our experiments the observed disturbances of oxidative phosphorylation
were reversible which correspond to the electron microscope picture - very slight
alternations without any destruction.

It is well-known that FFA depress ATP-ase activities. However disturbances of
ATP-ase activity have been found by many authors for example LIM et al. (4).
Nevertheless such disturbances have not been investigated following only 2 h of
brain compression.

The high rise of FFA concentration in our experiments corresponds to the results
of BAZAN (1, 2). Thus free fatty acids are the main biochemical factors which
facilitate edema development in our brain edema model.
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Summary

Increased intracranial pressure was produced in cats by compressing the brain for
two hours using an epidural balloon. A great increase in free fatty acid concentra-
tion was detected together with a distinct reduction of Mg and DNP-ATP-ase acti-
vities and slight uncoupling of oxidative phosphorylation.

The observed changes were reversible. The biochemical results were compared
with the electron microscope picture.
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Fig. 2. a) Liberation of free fatty acids from mitochondrial fraction of cat brain;
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Fig. 3. Electron micrograph of the white - matter perivascular space in the cat
after 2 hours of brain compression: enlargement of smooth and rough endoplasmic
reticulum, lysosomes in the form of dense bodies and multivesicular bodies,
partly damaged mitochondria (x 16500)



Alterations of Metabolism in Brain Edema Following
Head Injury

I. HAUSDORFER, W. HELLER, P. OLDENKOTT, and C. StoLz

Introduction

The systematic studies performed by our group in recent years had the purpose
of demonstrating the changes in metabolism caused by head injuries and, if
possible, of relating the degree of the lesion and its prognosis thereof (4).

The following metabolic parameters were evaluated under BMR conditions in the
central venous blood of more than 100 patients with head injuries of different
degree:

Pyruvate and lactate, to demonstrate disturbances of metabolism caused by shock
and hypoxia with consecutive metabolic or mixed metabolic respiratory acidosis
(6,10,11,16,20); ATP and 2, 3-DPG, to prove subsequent derangements in meta-
bolism (8,9, 12, 13). 2, 3-DPG is of particular importance in oxygen transport

(1, 5) since, in connection with blood gas analysis, conclusions can be drawn on
oxygen transport capacity. Furthermore, uric acid, CK, alpha-HBDH, trans-
aminases and LDH were determined. ATP and CK analysis resulted in no statisti-
cally significant differences, therefore this matter will not be discussed. The
results concerning the pathophysiology of the transaminase of LDH and its isoen-
zymes, of cholinesterase, acethylcholinesterase and MDH were reported elsewhere.
The observed derangements will be considered here in context with the concomitant
shock situation of most of the patients (18, 19).

Methods

The investigation comprised patients with signs of severe brain concussion as well
as with brain contusion. Thirty-nine patients with brain concussion were compared
to 68 patients with differentclinicaldegrees ofbraincontusion. As regards the prog-
nosis and thediscussionof the metabolic parameters the total number of survivors
was compared to the group of 34 deaths. The calculation of significance was
performed according to student t-test. Lactate, pyruvate, ATP, CK and alpha-
HBDH (isoenzyme 1 of LDH) were determined by methods as reported by BERG-
MEYER (3). 2, 3-DPG was evaluated according to BENESCH & BENESCH (2) as
well as uric acid following a modification of SOBRINHO-SIMOES et al, (14).

Results
On day 1 and 2 as well as on day 5 after the injury the value of lactate (Fig. 1.)

was found to be significantly greater in patients with brain contusion as compared
to the values found in patients with brain concussion. The latter stayed clearly
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within normal range and differed from the very much elevated values discovered in
patients with contusion at the time of admission to the hospital.

As expected from the change of lactate, pyruvate values turned out to be consi-
derably higher at the time of admission in patients with brain contusion as compared
to the values found in patients with brain concussion.

2, 3-DPG values proved to remain essentially eithin the normal range in both groups
of patients, a significant difference could not be stated.

On the other hand, the determination of alpha-HBDH (Fig. 2) revealed a statisti-
cally significant difference on day 2 and 5 between patients with concussion and
patients with contusion.

Differences in uric acid level were present in this group especially at the beginning,
though they did not prove to be significant. Patients with brain contusion had uric
acid levels slightly above normal range.

Lactate values were higher in patients with brain injury who survived as compared
to those who died (Fig. 3), the difference being significant for several days.
Fatally injured patients initially have very elevated values, by far exceeding the
normal range. This is a distinct sign of unfavourable prognosis. In the course of
further treatment (day 3 and 4), however, a stabilization sets in. The values of
survivors and nonsurvivors remain within the normal range from then on. This
range is never exceeded by the lactate values of the survivors. On day 7 after the
accident,the corresponding value of fatally injured patients was again elevated
beyond the normal limit and differed significantly from that of the control group.

Patients who did not survive the injury showed a distinct increase in pyruvate
values (Fig. 4) as compared to those of the day of accident, and a considerable
decrease thereafter. Their values were always increased over those of patients
who survived, though they were at first distinctly elevated beyond normal range in
both groups. In our opinion the pyruvate determination also bears prognostic
significance in a very early stage.

The 2, 3-DPG values (Fig. 5) stayed within normal range in each group.” A sta-
tistically significant difference was evident on day 1 after the accident.

Whereas the alpha-HBDH values (Fig. 6) exceeded the normal range in both groups
of patients with head injuries, in the course of which the greater values were, as
expected, found in patients who did not survive. Here the differences are significant
on day 2, 4 and 5. The uric acid values (Fig. 7) proved to be a very important and
reliable indicator for the further development of the lesions we are here interested
in. In deadly injured patients they exceeded the normal range on the day of admission
and on the following day and were sighificantly different from the control group.

Discussion

Comparing our results to those of other authors we could extend the interpretation
of the reported lactate and pyruvate increase after head injury (7, 10,16, 17) con-
sidering the prognostic evidence. 2, 3-DPG as a parameter of carbohydrate
metabolism is distinctly affected which probably has to be seen in connection with
the severe CNS damage. The specific effect fo organic phosphates, especially of
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2, 3-diphosphorglycerate, is known in its importance for oxygen linkage to hemo-
globin since CHANUTIN and CURNISH (1967) and BENESCH and BENESCH (1967)
published their fundamental papers.

2, 3-DPG which has lost its relation to the Hemoglobin molecule results in a
decreased tissue oxygen transport, since oxygen now holds on to hemoglobin via
the Fe atoms.

Uric acid was determined with the notion to have in hands an important parameter
of purin metabolism. With the disintegration of nucleated matter there has to be an
increased formation of uric acid for a short time which may indicate a radical
alteration of the nucleotid component of the damaged brain cell.

Alpha-HBDH expresses the decomposition of fat into ketogen substances which is
preferably brought into action during adrenalin stress.

All mentioned parameters did correlate in their behavior with the changes of acid
base conditions which were determined by bloodgas analysis, but in the scope of
today’ s subject this may not be discussed.

From the results of our animal studies we expect further hints as to the possibility

of correlating CNS damage to metabolic parameters measured in central venous
blood.

Conclusion

The diagnostic and prognostic evaluation of recent head injuries poses great
difficulties since the extent of the actual cellular damage remains unclear at first,
and patients with a different degree of injury may show identical or very similar
clinical pictures. A morphological evaluationis not possible under clinical conditions,
but suitable metabolic studies which sufficiently reflect the cellular situation may
offer an alternative.

By means of the above parameters we hope to arrive at an early prognostic state-
ment sooner than by means of day-to-day clinical diagnostic evaluations.
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Consequences of Cerebral Edema and Increased
Intracranial Pressure

J. W. F. BEKS

Already in 1881, two German scientists, NAUNYN and SCHREIBER, reported that
as result of increasing intracranial pressure, changes of vegetative functions may
occur.

In 1902 these changes were described in detail by HARVEY CUSHING, pioneer of
neurosurgery. He recorded:

increasing arterial pressure, changing of frequency of pulse and altering in the
pattern of breathing.

Further investigation showed, that these reactions could not have been only induced
by a space-occupying lesion, having led to increased intracranial pressure, but
that these vegetative changes were also the result of compression of cerebral and
vascular structures, caused by displacement of cerebral tissue.

The question could arise whether the term '"increased intracranial' pressure is
always correct. The expression has indeed only significance if the pressure inside
the skull, viz. in various compartments is actually increased in the same degree.
This pressure increase will indeed be equal everywhere as long as there is a
liquid communication between various compartments (Pascal’s Law). This is not
the case anymore if this liquid communication is interrupted as may be observed
under pathological conditions for instance herniation of cerebral tissue in the
tentorial hiatus.

The mechanism of the displacement of cerebral tissue and the herniation of the
brain stem and its resulting consequences have been described extensively by
PIA (1957), LANGFITT (1964) and SEEGER (1968).

Herniation of cerebral tissue in caudal direction through the tentorial hiatus is
considered to be a frequently occurring resultof a supratentorially situated space-
occupying lesion. If however in a closed system, subdivided into different commu-
nicating compartments the pressure remains equal in those different compartments,
displacement of the contents cannot take place.

In animal experiments we tried to establish the degree of difference in pressure
between various compartments necessary to effectuate a displacement of cerebral
tissue.

In a number of anesthetized cats a needle was brought into the sella media of the
right lateral ventricle by stereotactic means and also one into the great cistern
in order to measure and register simultaneously the pressure in the ventricle
system and in the great cistern. The average initial pressure amouted to 6-11
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Table I. Summary of the changes of pressure in the intracranial compartments
after a cold lesion

mm Hg
Case Initial Initial Highest
No. Intraventricular Cisternal Cisternal
Pressure Pressure Pressure
1 6 7 37
2 10 10 35
3 10 10 38
4 9 8 32
5 7 7 29
6 10 10 37
7 10 10 40
8 8 7 37
9 10 10 36
10 11 11 35
11 7 7 35
12 11 11 35
13 7 7 32
14 10 10 35
15 7 7 36
16 10 10 35
17 8 8 35
18 8 7 36
19 9 8 37
20 10 10 35

mm Hg infra- as well as supratentorially (Table I).

In order to be able to bring about a raise of intracranial pressure a cold induced
lesion was applied to the cerebral cortex, in a way as has been described formerly
by us in detail (BEKS c.s., 1965).

Consequently to the application of this lesion we observed a gradual increase in
intraventricular pressure, as well as a rise of pressure in the great cistern. The
increase of pressure in both instances was identical. This stands to reason because
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there is an open liquid communication between supra-and infratentorial spaces via
the tentorial hiatus and the Sylvian aqueduct.

At a certain moment however a discrepancy appeared between the increase of
pressure in both compartments and the pulsations in the infratentorial compartment
disappeared.

This moment wasdetermined by displacement of cerebral tissue as result of an
increase of volume of a space-occupying lesion. At the moment we saw the
appearance of the discrepancy in the rise of pressure in the supra-and infratentorial
space, we injected an X-ray contrast medium into the ventricle system via a needle
stuck into the right ventricle. It appeared that the Sylvian aqueduct did not show

its normal course anymore, but snapped off at the level of the tentorium.

At the same time we could not transfer anymore to the infratentorial space, via the
tentorial hiatus contrast medium injected into the subdural supratentorial space.
Therefore we may assume that the liquid communication between both compartments
had been interrupted.

After this we saw the pressure rise considerably in the supratentorial space whilst
the pressure in the infratentorial space remained equal at first and finally still rose
a little, This late rise of pressure can possibly be ascribed to an increase of volume
of the infratentorial space by herniation of cerebral tissue via the tentorial hiatus.

The average pressure in the ventricle system, at the moment the pulsations in the
great cistern disappeared, amounted to an average of 35 mm Hg (Table I).

At that moment no changes in vegetative functions could be observed. Namely no
rise of arterial pressure was seen, nor a change in respiratory pattern. These
symptoms did not appear until the supratentorial pressure had reached an average
value of 90 mm Hg. This pressure equals about the arterial pressure offered to the
brain (Table II).

This shows that a sharp rise of supratentorial pressure has consequences for the
cerebral circulation.

Under normal conditions the pressure in the venous system of the brain varies
according to GREENFIELD and TINDALL (1965) from 8-12 mm Hg.

These values are in accordance with the average pressure values in the cerebro-
spinal system LANGFITT (1972). If however the pressure in the supratentorial
system rises, the venous system in the area where the pressure has increased,

will be more or less compressed. The resistance in the venous system will

increase by this narrowing, which will be of consequence for the cerebral circulation,
because as a result the cerebral blood flow (CBF) will decrease. The circulation is

a function of inflow- and outflow pressure, diameter of the vascular system and
blood viscosity.

If the pressure rises in a certain area, the venous pressure in this area will have
to remain at least equal to the pressure in the surroundings in order to maintain
circulation. The maintenance of adequate cerebral circulation in varying conditions
is called autoregulation.

In studying autoregulation various authors have examined different parameters of
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Table II. Summary of the values of intraventricular pressure at different moments

mm Hg
Case Initial Intraventricular Intraventricular
No. Intraventricular Pressure at increase Pressure at
Pressure Bloodpressure Respiration Changes

1 6 70 109
2 10 95 118
3 10 96 117
4 9 95 124
5 7 96 110
6 10 88 112
7 10 91 110
8 8 95 117
9 10 93 115
10 11 97 112
11 7 93 111
12 11 93 110
13 7 92 110
14 10 96 115
15 7 90 112
16 10 91 113
17 8 93 110
18 8 93 113
19 9 88 115
20 10 95 118

importance to stable circulation. The main factors were blood pressure, PCO2,
PO2, and PH.

The blood pressure, conducted to the cerebral vessels via the internal carotid
artery amounts to an average 95 mm Hg. This pressure is further reduced by the
arterioles and then reaches the capillaries.

If, for whatever reason, a reduction of arterial blood flow occurs, provided
metabolism remains the same, the capillary PCO2 will rise and the PO2 decrease.
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This will entail dilatation of the arterioles. Under normal conditions especially
the arterioles are responsible for the resistance in the peripheral vascular system
and therefore the blood pressure offered to the capillary system will rise. If the
arterioles widen as a result of a rise of PCO) or else by a decrease of POy the
pressure offered to the capillary system will rise and indeed so much, that the
difference between systemic arterial pressure (SAP) and jugular venous pressure
(JVP) still increases more than under non-pathological conditions, because also
the increased resistance, developed as result of the risen intracranial pressure,
has to be levelled up to restore normal circulation.

If as a result of the increased intracranial pressure the resistance in the vascular
system increases so much, that the normal blood pressure is not sufficient anymore
to keep up normal circulation, the blood pressure will rise. In our experiments we
arrived at the same conclusion.

If the intracranial pressure keeps rising further, the moment will come the arterial
blood pressure cannot be adapted anymore to the disturbed circulation. This can be
demonstrated with evidence in certain patients with sharply risen intracranial
pressure in whom an attempt is made to perform angiography and in whom the
contrast medium cannot be traced in subarachnoidal parts of the carotid or verte-
bral artery.

In his excellent monograph about '"Zentrale Atemstérungen' FROWEIN (1963) stated
that under certain conditions a vicious circle develops in which respiratory and
circulatory disturbances mutually influence each other, leading that way to a stage
in which it is difficult to judge what will be the concequences for the cerebral
functions if either of these systems fails to work. This point of view is still valid.

In order though to gain some insight in the changes in respiratory pattern we
observed in our experimental investigations, it is necessary that we first go further
deeply into the problem of the nervous regulation of the respiration.

Though during the last ten years much research into the mechanisms which control
respiration has been performed, there has not yet been found a generally accepted
concept with respect to this problem.

Therefore it is impossible to summarize the information from the literature,
because the data are often controversial.

The peripheral part of the nervous respiratory regulation mechanism contains much
less fundamental uncertainties than does the central regulation system.

The central regulation is not determined by a limited group of neurons in a single
respiratory centre, but the neurons, taking part in the central regulation, are
situated in the cerebral hemispheres, the reticular formation in the medulla
oblongata and in superficial parts of the brain stem and the lateral parts of the basis
of the fourth ventricle.

Though these structures are diffusely spread, they are functionally closely mutually
connected (LAMBERTSEN, 1968).

It is generally accepted that the group of neurons, initiating spontaneous rhythmic
respiratory activities, is localized in the medulla oblongata, because animal
experiments show remaining periodicity in case the medulla oblongate is isolated
from her connection with higher situated centres.
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This primary rhythmic a activity is based on alterating discharges of impulses by
inspiratory and expiratory components and may be modificed in a complex way.

It is assumed. that in the reticular formation of the medulla oblongata two groups
of neurons are localized, so-called inspiratory and expiratory neurons, forming
together the primary respiratory centre.

This primary respiratory centre is. localized on both sides of the median line and
it can be subdivided.

The dorso-lateral part is supposed to be involved mainly in the expiration whereas
the medial part is responsible for the inspiration. The activities of these centres
are supposed to control normal breathing.

The function of the primary respiratory centre may be modulated though by other
neuronal complexes situated in various parts of the brain, i.a. pons, mesencepha-
lon, diencephalon, and cerebral cortex. However the exact way of influencing by
these cellgroups is not known.

Two centres, which can influence the respiratory centre in the medulla oblongata,
are situated in the pons, viz. the so-called pneumotactic centre and a centre which
can inhibit respiration, the so-called apnoestic centre.

The pneumotactic centre is localized in the cranial part of the tegmentum pontis.
The apnoestic centre is situated in the middle and caudal part of the pons, namely
in the extensive territory of the substantia reticularis lateralis.

Little is known yet about the influence the cerebral cortex has on the respiration.

According to FENN and RAHN (1965) stimulation of the ventral part of the frontal
pole, the insula, the lateral part of the temporal pole and the frontal part of the
cingular gyrus, induces inhibition of respiration. If, on the contrary, the motoric
cortex the Sylvian gyrus and the median cingular gyrus are stimulated, the
respiratory intensity increases.

Because the automatism of the respiration may be changed voluntarily, it is clear-
that there will have to exist higher control mechanisms.

In the clinic no standardized lesions of the skull exist, which implicates, that it
often is very difficult to analyse the symptoms and signs which occur. In animal
experiments this is possible to a certain extent.

According to PLUM and BROWN (1963) there are among others, 3 basic forms of
disturbed respiration:

1. Periodical breathing, or respiration according to Cheyne-Stokes.

This respiration type may develop if influences of regulating mechanisms of
supra-nuclear level are inactivated to a certain extent or inhibited, because

the descending motoric tracks have been injured, causing a change in the in-
fluences on the primary respiratory centre in the brain stem. These tracks will
become injured especially in cases of bilateral lesions, lying deeply in the
cerebral hemisphere and in the basal ganglia and therefore damaging the intern
capsule.

The pathogenesis according to PLUM is based on a combination of an abnormally
increased ventilation reaction on the CO, stimulus, resulting in hyperpnoea and
an abnormally decreased ventilation stimulus from the cerebrum, causing the
apnoea after hyperventilation.

This form of respiration we observed in our experiments in case the supraten-
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torial intraventricular pressure had reached an average value of 110 mm Hg,
which is 10 times as high as the initial value (Table II).

2. The second fundamental form is the central neurogenic hyperventilation.

This form of respiration consists of 24-36 respirations per minute, the inspi-
ration lasting as long as the expiration and giving the impression that the
expiration occurs more actively than passively.

This form of respiration is supposed to develop in cases of lesions of the medial
part of the rostral end of the pontine tegmentum, therefore between the lower
midbrain and the lower 1/3 part of the pons.

It develops in case of compression of the brain stem, occurring by transtentorial
herniation, preventing regulating influences from higher situated centres to reach
the primary respiratory centre, causing thereby autonomic functioning of this
centre.

It is not yet known whether these functional disorders are the result of mecha-
nical compression of the tracks or either the result of anoxia, caused by vascular
compression or obstruction.

In our experiments we observed during the increase of the pressure difference
between supra-and infratentorial compartment, periodical respiration change
into central neurogenic hyperventilation.

The appearance of central neurogenic hyperventilation after a period of Cheyne-
Stokes breathing, may indicate a deterioration of the clinical condition.

We also could make transfer experimentally a periodical form of respiration by
raising the supratentorial pressure by means of an artificial increase of the
PCO,, by letting the test animal breath CO,. As a result of the PCO, growth of
the intracranial blood volume occurred, raising the pressure gradient between
supra-and infratentorial compartment again making the incarceration of the
brain stem still worse.

The regulating influences of higher situated centres are excluded that way.

3. The third form is the atactical respiration, which is characterized by a strong
irregularity in frequency and intensity of respiration with intermittent periods
of apnoea lasting varying periods of time.

This form of respiration occurs in cases of lesion of the essential centre, viz.
the primary respiratiory centre in the medulla oblongata. There is in that case
a dysregulation between activities of inspirational and expirational neuronal
groups.

On the basis of our findings we would like to suggest to subdivide the process of
transtentorial herniation in two phases, occurring in case a pressure gradient of
a certain value has developed between supra-and infratentorial compartment, viz.:

1. the anatomical phase, in which communication between supra-and infratentorial
phase via the tentorial hiatus has been interrupted by displacement of cerebral
tissue.

2. the clinical phase, in which vegetative changes occur, viz. an increase of arterial
pressure and changing of respiratory pattern.

The fact that the anatomical phase of transtentorial herniation is not accompanied
by the appearance of clinical-vegetative signs, speaks for SCHEINKER’ s (1945)
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conception that herniation of the gyrus hippocampus on its own is not sufficient to
cause neurovegetative changes.

The first perceived change in the clinical phase of the incarceration appeared at an
average value of 90 mm Hg in the supratentorial area and 35 mm Hg in the infra-
tentorial area and consisted of a rise of arterial bloodpressure. This increase of
bloodpressure is, as appears from the above, necessary, in case the cerebral
arterioles are maximally open already.

The respiratory changes in the animal experiments do not appear until a much
larger pressure gradient has been reached, namely at an average value of intra-
ventricular pressure of 110 mm Hg.

At this stage we observed the appearance of periodical breathing, which was
transferred into central neurogenic hyperventilation at an intraventricular pressure

of about 120 mm Hg.
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Fig., 2. Recording of the central neurogenic hyperventilation

Fig. 3. Recording of atactical respiration



Intracranial Pressure Measurements in Clinical Practice

B. JENNETT

Introduction

Raised intracranial pressure (ICP) is the mechanism whereby many clinical
conditions eventually threaten brain function and life itself. Neurosurgeons are
therefore frequently concerned to recognise whether ICP is raised, and if so to
try to reduce the level of pressure. Continuous clinical monitoring of pressure
was shown to be feasible by GUILLAUME and JANNY in France in 1951, and a
large series of neurosurgical cases was reported from Sweden in 1960 by
LUNDBERG. Their observations showed that the level of pressure is often variable
so that single estimations of pressure may be misleading; the clinical state of
the patient has likewise been shown to be an unreliable guide to ICP. In these
circumstances widespread adoption of continuous monitoring of ICP might have
been expected, but last year’s conference in Hannover revealed that it has
become routine in comparatively few centres. In the Glasgow Institute some

300 patients have now been monitored by the LUNDBERG method, a plastic
catheter being introduced into the ventricle via a frontal burr hole and linked
through a fluid-filled system to a bedside transducer and chart recorder.
Monitoring is continued for 2-5 days as a rule but only one patient has developed
intracranial infection and he recovered, which confirms a recent report of an
extremely low incidence of infection (O.5%) with LUNDBERG’ s method in almost
1, 000 cases (SUNDBARG et al, 1972).

Many management decisions are made easier by the availability of reliable
information about the level of ICP. These include decisions about diagnosis,
either of the nature of the disease process as a whole, or of changes in that
state; decisions about treatment, by indicating whether reduction of pressure is
necessary and then whether measures taken have been effective; and decisions
about prognosis, particularly after severe head injury.

Diagnosis

It may at first seem curious that the most useful single application in clinical
circumstances has been the recognition that ICP is not unduly high in patients
whose clinical picture was suggestive of raised pressure. After severe head
injury, for example, patients frequently show signs of brain stem dysfunction
which may be ascribed either to primary stem injury, or to brain shift due to
focal haematoma or to more generalised brain edema. Particularly in the first
24 hours after injury it is sometimes difficult to be certain whether this
clinical state has been present from the onset or has developed secondarily; in
some centres there is a tendency to treat all such patients indiscriminately with
measures designed to reduce ICP - such as hypertonic solutions or even
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hyperventilation, on the unproved assumption that there is likely to be ''cerebral
edema''. Our investigations have shown that many such patients have a consistent-
ly normal pressure; the subsequent course of such patients usually indicates that
the damage sustained has been either a diffuse white matter lesion, or a primary
brain stem injury, or sometimes both. In another group of patients, in whom
angiography shows evidence of a focal expanding lesion, the ICP may prove to be
only moderately raised or even normal; if volume/pressure measurements (vide
infra) show that intracranial compliance is normal then it is probably safe to
assume that we are dealing with a well-compensated situation; we believe that

we have avoided unnecessary surgery in a number of such patients with temporal
lobe swelling, who had suffered swollen contusions rather than haematomas but
whom we would previously have felt obliged to explore surgically on the basis of
the angiographic findings. In patients who deteriorate clinically at a later stage
after injury increasing pressure may be suspected; but again monitoring may
show that ICP is not rising, and another explanation must be sought for their
changing clinical condition. Apart from head injuries, a similar situation may
arise after intracranial surgery of any kind, when anxiety about the possible
development of an intracranial haematoma may be allayed by ICP monitoring, and
the patient may be spared further neuroradiological investigation, or an unneces-
sary second operation. In a different situation again, are patients with a ventri-
cular shunt in position in whom deterioration is assumed to indicate shunt
blockage and subsequent ICP; in a number of such instances we have found normal
ICP, there being some alternative explanation for the patient’ s deterioration, such
as spread of tumor. Different yet again are patients suspected of pseudo-tumor,
(benign intracranial hypertension). In 5 of 24 such patients monitoring revealed
normal ICP and the final diagnosis of pseudo-papilledema was confirmed in 4

by fluorescein angiography (JOHNSTON and PATERSON, 1972).

Only in patients undergoing routine ICP monitoring (in our clinic severe head
injuries and post-operative craniotomies) could we expect to discover raised ICP
when it was not suspected élinically. This occurred only occasionally in our
experience. But the availability of monitoring gave us considerably increased
confidence in the management of the small number of patients in a neurosurgical
unit for whom controlled ventilation is recommended - usually for a combination
of chest injury and head injury. Such a regime deprives the neurosurgeon of many
of the clinical signs on which he normally relies to detect intracranial compli-
cations associated with raised ICP, and we have detected intracranial haematomas
in such patients.

Treatment

In regard to treatment, monitoring may indicate whether or not measures need
be instituted to control ICP, and will also show how effective these are in the
individual patient. Change in clinical state is a poor guide as to whether or not
pressure has been effectively reduced; lack of improvement may indicate either
that the pressure is still high, or that there is such severe underlying brain
damage that in spite of reducing ICP brain function does not recover. When
monitoring shows one method of lowering ICP to be ineffective an alternative can
be tried. For example when intravenous mannitol fails to control ICP the
aspiration of a small amount of ventricular CSF through the recording catheter
will often lower the pressure for several hours; indeed the possibility of doing
this is an advantage of the intraventricular method of pressure monitoring.
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Prognosis

The relationship between the level of ventricular fluid pressure and the outcome
from severe head injury has been reported from Scandinavia by LUNDBERG et al
(1965) and more recently by VAPALAHTI and TROUPP (1971). Whilst our own
studies confirm that high pressure has serious significance they do not support
the corollary that normal pressure is usually favorable. Indeed we would regard
the discovery of normal pressure ({20 mmHg) in a patient with bilateral extensor
rigidity, together with other signs of brain stem dysfunction, soon after injury,
as indicating severe primary white matter damage of the kind which, although it
may be survived for a time, is likely to give rise to a persistent vegetative state.
The ability to predict such an outcome soon after injury is of considerable
importance in allocating treatment resources to patients with a more favorable
outlook.

Intracranial pressure and cerebral vascular dynamics

Not only are ICP measurements helpful in the very practical situations just
described, but they have also advanced our understanding of the dynamic relation-
ship between ICP and cerebral flow (CBF). Such relationships are of considerable
clinical significance because it is probably by its effect on CBF that ICP ( as
distinct from brain shift) is harmful. The crucial parameter is the oxygen supply
to the brain which depends not only on oxygen content and blood flow, as does
available oxygen in any tissue in the body, but also upon ICP - which may be
sufficiently high to compete with the arterial pressure; what matters is the
relationship between the two, the cerebral perfusion pressure, defined as the
difference between mean arterial pressure and mean ICP.

The intracranial contents are made up of different volumes of brain tissue, of
intravascular blood and of CSF, with a small amount of extracellular fluid. As
each of these components is virtually incompressible, an increase in the volume
of any one of these should cause an increase in ICP, unless (or until) compen-
sation occurs by a reduction in the volume of one of the other intracranial
components - such as by the extrusion from the intracranial cavity of venous
blood or of CSF. Intracranial blood volume is the only component which can
change rapidly, such as when vasodilatation is induced by hypercapnia or hypoxia.
These are by no means uncommon occurrences in clinical practice, particularly
in unconscious patients. We have shown that the volatile anaesthetic agents in
common use (halothane, trichlorethylene and methoxyflurane) also have a
vasodilatory effect on cerebral vessels, and ipso factoc¢ ause a rise in ICP
(JENNETT et al, 1969). Whilst prior induction of hypocapnia by hyperventilation
will reduce this rise of pressure it cannot be relied on to abolish it; in any event
the resultant cerebral vasoconstriction in such a critical situation may in itself
be harmful, because the reduction in flow is greater than the reduction in volume.

This rise also varies according to the compensatory capacity of the intracranial
cavity - in patients without space-occupying lesions the rise is trivial, but in
those with a mass it can be dramatic; such a rise can occur even when the ICP is
not markedly raised prior to the introduction of the volatile agent. This suggests
that the effect which an increase in the volume of the intracranial contents has on
ICP will depend on which part of the volume/pressure curve applies at the time.
My colleague Douglas MILLER has therefore proposed that the compensatory
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capacity of the intracranial cavity should be tested by observing the effect on ICP
of induced changes in CSF volume by the infusion or the withdrawal of 1 ml
through the ventricular cannula. In over 40 patients he has found a good correlation
between the sensitivity of the volume/pressure response and the resting level of
ICP (MILLER et al, 1973). At any given pressure level, however, considerable
variation is found in the volume/pressure response, but this sensitivity is greatly
reduced by the removal of a mass lesion even when this does not greatly alter

the resting pressure level. In a series of 16 patients with head injury a better
correlation was found between angiographic shift and volume/pressure sensitivity
than between shift and resting ICP (MILLER and PICKARD, 1973). This test,
which indicates how dangerous high pressure is, and whether normal pressure is
safe, adds another dimension to ICP monitoring which therefore becomes an even
more sensitive guide to the true state of intracranial dynamics, and in turn a
more reliable guide to management. Moreover these findings provide an expla-
nation of our earlier observations on volatile gnesthetic : agents, in which we
found such a variable response of ICP to the same dose of agent. It also explains
some other clinical situations familiar to neurosurgeons; these include the ease
with which certain other events may precipitate a crisis in a patient with a space-
occupying lesion - e.g. ventriculography, an epileptic fit or the administration of
analgesic drugs which also cause respiratory depression. Each of ‘hese events
may induce a small increase in the volume of the intracranial contents and if

the patient is already on the steep (vertical) part of the volume/pressure curve,
then a serious rise of ICP may result.

Neuropathological correlations of raised ICP

Evidence for the importance of intracranial dynamics does not rest only on
theoretical considerations or on clinical evidence. Detailed neuropathological
examination of the brains of patients who have died after severe head injury in
this Institute provides clear evidence of extensive ischaemic damage in over half
the cases (GRAHAM and ADAMS, 1971). Although much of this damage is of a type
typical of perfusion failure, it was more common in patients under the age of 40
and could not therefore be ascribed to degenerative arterial disease; nor could the
findings be ascribed to agonal changes. No close correlation was found between
recorded ICP and ischaemic brain damage, but other factors affecting substrate
delivery to the brain may have been important - variations in arterial blood
pressure and in the oxygen content of the blood. Professor ADAMS’ laboratory
has, however, shown a close correlation between pathological signs of brain shift
and herniation and increased pressure levels recorded during continuous monitor-
ing (ADAMS and GRAHAM, 1972).

Conclusions

We are no longer in doubt that continuous ICP monitoring provides information
which is of direct use to the clinician managing severely ill neurosurgical patients.
Quite apart from that, we believe it is a useful research tool, both in the clinical
and experimental situation. Much remains to be learned, both in regard to the
most effective and safest way to monitor ICP, and in explaining the various
phenomena which continuous monitoring reveals. It is too soon to declare that
every neurosurgeon should be undertaking such measurements because both the
setting up and maintenance of the system and its interpretation call for consider-
able effort and attention to detail. Nonetheless it seems likely that in a few years
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it will seem as primitive to try to manage acute neurosurgical problems without
ICP measurements as it would be to practise cardiology without electrocardio-
graphy or neurosurgery without angiography.
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Nature and Significance of the CUSHING Reflex

J. CERVOS-NAVARRO, F. MATAKAS, and E. FUCHS

NAUNYN and SCHREIBER in 1881 first described the arterial pressure response
(APR) during intracranial hypertension subsequently called CUSHING (1902)
response. Two questions remained controversial since then: the adequate stimulus
for the APR (WEINSTEIN, LANGFITT, CASSELL, 1964) and the significance of
the APR in intracranial hypertension. It was described by SCHUTTA, KASSELL,
LANGFITT (1968) and others that arterial hypertension may enhance the develop-
ment of brain edema. Thus it seems possible that the APR is of disadvantage for
the patient in conditions of brain edema.

Material and Methods

All animals were anesthetised with pentobarbital sodium (40 mg/kg) relaxed
with succinylbischolin and artificially respirated by a Starling pump. Mean
arterial pressure (MAP), cysternal pressure, epidural pressure, EEC, ECG,
and body temperature were constantly recorded. In 44 cats the intracranial
pressure (ICP) was elevated by injecting mock CSF (DAVSON, 1967) into the
subarachnoid space for time periods of 2 to 5 minutes. In 14 animals (monkeys
and cats) ICP was elevated by inflating an epidural balloon.

Results

Whenever the ICP was elevated an APR occurred. The increase of the MAP
equalled the ICP when the latter was low. Thus the intracranial perfusion pressure
(= MAP - ICP) was remained constant (Fig. 1). However, when the ICP became
greater than 50 to 70 mm Hg the APR did not compensate the ICP and the intra-
cranial perfusion pressure became smaller.

If blood was withdrawn from an animal during an APR and injected into a second
animal no pressure response was observed in the animal receiving the blood.
Blocking of peripheral alpha-receptors with phentolamine (10-15 mg/kg)
abolished the APR. About 30 sec. after the beginning of intracranial hyper-
tension the MAP fell by 5 to 10 mm Hg. Blocking of peripheral beta-receptors
with propanolol (1.7 - 2.5 mg/kg) produced an up and down movement of the MAP
on a level lower than normal during intracranial hypertension (Fig. 2).

After a sudden relief of the intracranial space the MAP fell always to subnormal
values.

When the ICP approached the MAP alterations of the ECG were observed,
particularly ventricular extrasystoles and a decrease of the ST-interval. After
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application of atropine heart rate and blood pressure amplitude changed parallel
to the MAP. When the arterial pressure increased heart rate and arterial pressure

amplitude showed a slight increase,too.

When intracranial hypertension was produced by an epidural balloon the ICP was
dependent on the MAP, Thus the ICP became greater when the MAP increased
and vice versa. However, the relationship between MAP and ICP was not so
vigorous as to prevent the intracranial perfusion pressure to increase during
arterial hypertension (Fig. 3). Thus in all 14 animals the intracranial perfusion
pressure could be increased by 10 to 50 mm Hg by artificial arterial hyper-
tension although the ICP was considerably elevated.

Discussion

The experimental data lead to the hypothesis that an increased intracranial
pressure stimulates sympathetic fibers reaching the alpha-receptors of peri-
pheral vessels in an early alpha-phase within 30-35 seconds and fibers pre-
dominantly reaching the beta-receptors of the myocardium and peripheral vessels
in a second phase.

When the beta-receptors were blocked only alpha-adrenergic fibers had an effect
on their target organs (predominantly the peripheral vessels). Consequently only
that component of the APR that is caused by vasoconstriction, viz. the early

rapid increase of the blood pressure was observed. The consecutive fall of the
blood pressure may be explained by an inhibition of central vasomotor centers
(HOFF, REIS 1970). These centers are stimulated by beta-adrenergic fibers but
are not subjected to the blocking effect of propanolol. This hypothesis is supported
by the fact that the blood pressure decrease appeared after a time interval
identical to that which usually preceeds the second phase in the normal APR,

i. e. the blood pressure plateau.

When the alpha-receptors were blocked, we found an inversion of the MAP 30 sec.
after the beginning of intracranial h)}pertension. Vasodilatation by stimulation

of beta-receptors and a resulting reduction of the venous return obviously could
not be compensated for by an increased cardiac output. That a reduced venous
return diminishes the APR is proven by the findings of MEYER and WINTER
(1970) who observed an attenuated APR in hypovolemia.

There has been a long discussion as to whether the adequate stimulus of the APR
is distortion of the brain stem, intracranial pressure, cerebral hypoxia or
reduction of the cerebral blood flow (WEINSTEIN, LANGFITT, KASSELL, 1964;
JOHNSTON, ROWAN, HARPER, JENNETT, 1972). The results of SAGAWA,
ROSS and GUYTON (1961) and MATAKAS, LEIPERT, FRANKE (1971) showed
that the degree of the arterial pressure increase is dependent on the degree of
the reduction of the CBF or intracranial perfusion pressure. Since chemo-
receptors usually have a latent period of 30 - 42 sec. (Korner, 1971), which
corresponds well with the starting time of the second phase of the APR, it seems
reasonable to assume that beta-adrenergic fibers in the APR are activated by
arterial chemoreceptors. The early increase of the arterial pressure on the
other hand appears so early that it may well be provoked by baroreceptors.

The fact that slight and moderate intracranial hypertension is compensated by
the APR indicates that the latter is a compensating mechanism for preventing
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reduction of the CBF. This was established with more certainty by measuring the
intracranial perfusion pressure during arterial hypertension in conditions of
intracranial hypertension. The relationship between ICP and APR is of complex
nature. Once the intracranial pressure is elevated the mean arterial pressure
contributes to its height. However, the perfusion pressure may still be increased
by arterial hypertension. Thus in intracranial hypertension the mechanism may be
as following: By increased ICP the intracranial perfusion pressure is reduced.
This provokes an APR. By elevation of the MAP the ICP is further increased

but not as much as the arterial pressure itself. Consequently the intracranial
perfusion pressure is raised and cerebral blood flow may be improved.
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Fig. 1. Relationship between intracranial pressure (ICP) and arterial pressure
increase (Ap Art. ). Increase of intracranial pressure is compensated by APR
as long as the first does not exceed 50-70 mm Hg

Fig. 2. Arterial pressure during artificial intracranial hypertension in a cat.
15 minutes after application of propanolol. The first short downward movement
of the arterial pressure is greater than in the '"nmormal' APR. The arterial
pressure moves up and down. These changes are transferred onto the intra-
cranial pressure. After relief of the intracranial space the arterial pressure
falls below the initial value
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Ventricular Fluid Pressure in Children with Severe Brain
Injuries

H. TRourP and M. VAPALAHTI

©On April 26th, 1964, a 6-year-old girl was admitted unconscious to the
Neurosurgical Clinic of the Helsinki University Central Hospital. A left posterior
temporal extradural haematoma was removed. As she did not regain
consciousness a check angiogram was done, and this showed some haematoma
remaining. To help us decide whether a second operation was necessary, a
ventricular fluid pressure recording was started on April 28th. It showed a

basic pressure of some 15-20 mmHg, with minor plateau waves reaching

30-40 mmHg; the pressure was later classified as being in the 30-60 mmHg
range (see methods). The remaining haematoma was left untouched, and the
patient regained consciousness on May 2nd, when the recording was stopped.

This case - the first patient on whom a ventricular fluid pressure recording was
done in our department - shows a rather rare indication for doing such a
pressure recording in children: to judge whether a small haematoma is worth
removing. The indications for ventricular fluid pressure recording in brain
injuries can be classified as follows:

1. assessing the severity of the brain injury, establishing a prognosis, and
monitoring the patient;

2. gauging the effect of treatment - or lack of such effect;

3. ventricular drainage;

4. as an aid to doubtful decisions.

This paper analyzes our experience with continuous ventricular fluid pressure
(VFP) recording in brain-injured children. Children, unlike adults, do not as
a rule remain vegetative wrecks even after a severe brain injury; if they
survive, they show an amazing power of recuperation and compensation, and
VFP recording can be particularly helpful in the handling of severe brain
injuries in children.

Methods

For the ventricular pressure recording, LUNDBERG’ s (1) method was used. A
HOLTER ventricular catheter was inserted into one lateral ventricle through a
burr hole and securely anchored in the hole with the aid of a rubber plug. The
catheter was connected to a Statham P23AA pressure transducer through a
3-metre piece of plastic tubing. The signal from the transducer was amplified,
and recorded either with an ink-writer or with a point recorder making a mark

on the record every 1-2 seconds. The latter proved better for prolonged use:
there was far less paper to look through, and there were fewer mechanical
failures.
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In two instances the arterial blood pressure (Fig. 1) with a nylon catheter in the
superficial temporal artery.

For assessment of the recordings the following criteria were used:

1. Range under 30 mmHg: mean pressure well below 30 mmHg, with, at most,
occasional rises slightly above this level.

2. Range 30-60 mmHg: mean pressure might be below 30 mmHg, but with
frequent rises above 30 mmHg, sometimes plateau waves to 50-60 mmHg.
Fig. 1 provides an example of this type.

3. Range above 60 mmHg: either a pressure keeping steadily above 60 mmHg
or a mean pressure below 60 mmHg but with plateau waves reaching far
above this level. Fig. 2 provides an example of the latter type.

There were no complications from the VFP recording in this series of
25 patients.

The VFP recordings were started on average 25 hours after the accident, and
lasted for an average of 4 days. Fifteen recordings were started within 24 hours
after the injury, and five later than 48 hours after the accident.

In 12 instances the pHCsf was determined soon after the start of the VFP

recording; mean pHC was 7.30, with no apparent correlation to outcome in

sf

this series.

The Patients

In the years 1964-1972 twenty-five children under 15 years of age with severe
acute brain injuries were monitored with continuous ventricular fluid pressure
(VFP) recordings. This series represents the most severe brain injuries
among the children admitted over this period; at first our use of VFP recording
was rather tentative, until we gained confidence enough in the method to use it
regularly with severely brain-injured children.

Mean age at the time of injury for the 25 children in the series was 7.3 years.
Mean follow-up time for the survivors was 4 years (Table I).

All 25 children had at least one carotid angiogram; a haematoma was removed
in four patients; in five more patients a small mass lesion was found at
angiography but was not considered large enough to necessitate an operation.

Eleven children had significant extracranial injuries; significant here means

that the extracranial injury necessitated some procedure in the acute stage. Five
of these children died. In three instances the extracranial injuries could be
considered mainly responsible for the child’ s death; in these it did not seem to
be the brain injury which caused the child’ s deterioration, and the VFP stayed
continuously below 30 mmHg.

Thirteen children had extensor spasms; four of these died; this sign would
suggest an almost hopeless prognosis in adults (5). Two children developed
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Table I
25 CHILDREN UNDER 15 WITH SEVERE BRAIN INJURIES
Ventricular
fluid Out
uid pressure utcome Total
Survivors Dead

Under 30 mm Hg 9 1 10
30 - 60 mm Hg 4 3 7
Above 60 mm Hg 2 6 8
15 10 25

hyperthermia very quickly although there was no apparent infection and pulmonary
ventilation was adequate; they both died. Pacozover the first two days did not

correlate with outcome.

Fifteen children survived; ten died, on an average 5.5 days after the injury,
median 4 days. See Table I for the correlation between VFP and outcome. Those
that survived were unconscious for an average period of 22 days, median 9 days.
One 8-year-old boy was unconscious for four months; he has recovered enough to
take care of himself and go to school, but is not likely to become self-supporting;
he was one of the two patients who survived in spite of a VFP in the above 60
range. Of the fifteen survivors, eight have a chance of becoming self-supporting;
of these, one was unconscious for 19 days and one for 37 days. The two children
who seemed to have no residua at follow up had been unconscious for 4 and 7 days.
For this analysis, unconsciousness was defined as not obeying simple commands
like ""open your eyes', ''squeeze my hand", let go my hand'.

Treatment

Twenty-four children were intubated at some stage; only the youngest one
(8 months) was not, as he seemed to maintain a free airway on his own. Six
children had a tracheotomy at some stage, of whom one, a girl of 7 had
considerable difficulties with tracheal stenosis later.

Seven children received massive doses of corticosteroids; there were no apparent
complications, and the one child who died from a perforated gastric ulcer had

not received corticosteroids at all, as his VFP was well controlled with
hyperventilation and ventricular drainage.

Ten children were hyperventilated in a respirator; seven of these belonged to the
pressure range above 60 mmHg, two to the 30-60 mmHg range, and one had a
VFP classified as below 30 mmHg. The latter patient had aspirated both blood
and gastric contents. Six of these ten children died; of the other four deaths,
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without hyperventilation, three children died of their extracranial injuries, and
in the remaining child the VFP was so high in comparison to blood pressure

that the brain was probably dying before the start of the recording, and VFP was
recorded for three hours only.

Seven children had ventricular drainage; four of these died. Ventricular drainage
was often used as a last resort, as were also dehydrating agents; but it may well
be that drainage should be used more often and at an earlier stage. It has the
drawback that it may render the VFP recording unreliable. Dehydrating agents
were used mainly in an acute emergency; previous experience had led to
considerable caution in this report (2, 3).

Discussion

We would recommend the following measures for the child with a severe brain
injury:acute resuscitationas usual, i.e. clearance and maintenance of airways,
treatment of shock if any, carotid angiography to establish or disprove
significant haematomas; then a ventricular fluid pressure (VFP) recording;
hyperventilation if the patient had an elevated PaCOZ on arrival or if the VFP

shows at least long excursions into the 30-60 mmHg range. The effect of
hyperventilation is easy to see, though adults must be distinguished from
children in this respect. Judging from our experience with adults (4, 5) none
with pressures above 60 mmHg survived as anything but a vegetative wreck, and
those that hyperventilated most on their own fared worst (5).

Corticosteroids should perhaps also be started early; in three dead children the
macroscopic brain damage was surprisingly slight, but there was severe edema
of the brain. If the VFP constantly rises above 30 mmHg in spite of
hyperventilation and corticosteroids, ventricular drainage may be tried.
Dehydrating agents we would reserve for sudden and severe rises in VFP, in
particular immediately before and during the removal of a haematoma (cf. Fig. 2).

We cannot prove that the recording of ventricular fluid pressure was a decisive
advantage in the handling of these brain-injured children; we have no exactly
comparable series without VFP recording. However, we know that VFP is
correlated to outcome (Table I; 4) so that the physician can direct his energies
purposefully, and unnecessary interference is avoided, as in the case report
which opens this paper. This is important precisely because children, if they
survive the acute stage, have such recuperative powers. The case of the
8-month-old baby, whom we did not hyperventilate because it was not then our
practice to do so, is very instructive as to the resilience of children, His
pressure was the highest in the 30-60 mmHg group but his recovery was good
after 6 days of unconsciousness. It is possible that his fontanel functioned to
some extent as a safety valve.

Summary

The records of 25 children - under 15 years of age - with severe brain injuries
were analyzed. These were all the children who had had ventricular fluid
pressure (VFP) recordings in the acute stage after a severe brain injury in the
years 1964-1972 in the Neurosurgical Clinic of the Helsinki University Central
Hospital.
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Ten of the children died,, seven from their brain injury, three mainly from their
extracranial injuries; fifteen survived, and of these eight are likely to become
self-supporting. None became a vegetative wreck.

The VFP recording was started on average 25 hours after the injury, and lasted
for an average of 4 days. Ten children, of whom nine survived, had a pressure
classified as under 30 mmHg. Seven children, of whom four survived, had a
pressure over 60 mmHg. These two survivors were considerably crippled .

Basic treatment was the same for all: adequate airway maintenance, diagnosis of
intracranial haematomas by carotid angiography, and adequate fluid therapy and
replacement of lost blood as well as immobilization of injured limbs. Ten
children were treated by hyperventilation in a respirator; seven received massive
doses of corticosteroids; and seven were treated by ventricular drainage.
Treatment was very much guided by the VFP recording.

Ventricular fluid pressure recording is useful for assessing the brain injury,
establishing a prognosis, guiding therapy and monitoring the effect of treatment.
A ventricular catheter also makes it possible to withdraw samples of cerebro-
spinal fluid; and ventricular drainage probably contributed to the survival of
three children.
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Intracranial Pressure, Hemodynamics and Metabolic
Disorders in Patients with Severe Head Injury

W. GoBIeT, W. J. Bock, J. LIESEGANG, and W. GROTE

Experimental studies have shown that cerebral perfusion pressure, i.e. the
difference between mean arterial and intracranial pressure, can be lowered to
about 40-60 mm Hg without marked cerebral hemodynamic or metabolic dis-
orders (1, 2,3). Below this limit significant decrease of cerebral blood flow and
increase of cerebral tissue and jugular vein lactate concentration was noticed
(4,5,6,7,8). In the above experiments low cerebral perfusion pressures were
produced either by decreasing the arterial or by increasing the intracranial
pressure.

The purpose of this investigation was, to study the effect of lowered cerebral
perfusion pressure on cerebral blood flow and metabolism in man.

Method

In 15 patients with severe head injury the intracranial pressure (ICP), mean
arterial blood pressure (MAP), cerebral blood flow (CBF) as well as PO,, pCO,,

PH and lactate concentration in arterial and jugular ve nous blood were measured.

To obtain better information about the interaction between ICP, MAP and CBF
these values were continuously recorded.

ICP was measured with a miniature pressure transducer in the epidural space as
described in an earlier paper (8). We used the new Sensotec BW 7 transducer,
which can be calibrated in situ. As an index for CBF we determined the flow in
the internal carotis with an electromagnetic blood flow probe Statham 2202. This
standard method in experimental medicine had been used in man only for a short
time during Carotis surgery (11,12). This Statham 2202 model allows long time
monitoring because zero point reference can be obtained without occluding the
artery.

Before implantation the pressure transducer and the flow probe were sterilized
with Detergicide: solution. The implantation period lasted between 1 and 11 days.
No local disturbances due to the insertion of the probes could be observed.

Blood pressure was measured in the femoral artery with an external Statham
transducer P 23 db and a Siemens Elektromanometer. ICP, MAP and CBF were
recorded on a Siemens Meditape 12.pO_, pCO, and pH were determined with an
AVL Gascheck Analyzer, lactate concentration with the Boehringer enzymatic
method.
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Results

The relationship between CBF and CPP is shown in Fig. 1. Normal perfusion
pressure from 70-120 mm Hg is associated with cerebral blood flow above

200 ml/min. (mean 270 ml/min. ). Lowering perfusion pressure (CPP) by
increasing ICP is accompanied by a reduction of CBF. In most cases CBF is up-
hold in normal range until CPP is reduced under 50 mm Hg. Then a marked
decrease of CBF can be noticed.

In our study no relationship between CPP and arterial or jugular venous pO_ and
2
pCO2 could be found.

“Fig. 2 shows the values of jugular venous pH plotted against CPP. The area
between dotted lines indicates normal values.

Down to perfusion pressures of 50-60 mm Hg pH remains in normal range.
Further diminishing of CPP accompanied by reduced CBF leads to cerebral
tissue acidosis indicated by a sharp fall of jugular venous pH to values between
7,1 and 7, 2.

The increasing anerobic glycolysis causes a rise of jugular venous lactate con-
centration as shown in Fig. 3. Lactate levels inc.rease with decreasing CPP.
Excessively high lactate values over 40 mU were noticed when CPP was below
40 mm Hg.

As an example, the recording of a patient with increased ICP (Fig. 4) shows the
interaction between ICP, CBF and blood pressure (BP). An initially normal CPP
is upheld by a slight elevation of BP, although ICP is increased to about 40 mm Hg.
Loss of autoregulation in the final stage causes a fall in BP accompanied by a
significant reduction in CBF down to 10-15 ml/min. ICP rose up to 60 mm Hg.
The lactate concentration above 72 mU and the pH of 7, O5 indicate the complete
metabolic imbalance.

Discussion

We found that also in man lowered CPP either by increasing ICP and / or falling
MAP causes a reduction of CBF. When CPP is lowered below 50 mm Hg CBF is
reduced below 1/4 of normal values in most patients.

At the same time, the increase of lactate concentration accompanied by a de-
creasing pH in jugular venous blood reflects the progressive brain tissue aci-
dosis (3,5,6,7).

These results are in good accordance with previous experimental studies
(4,5,11).

In our opinion simultaneous continuous monitoring of cerebral blood flow, intra-
cranial pressure, and blood pressure will provide better information on
cerebral hemodynamics in the presence of brain edema.



70

REFERENCES

1.

10.

11.

12,

KJALLQUIST, A., B.K. SIESJO and N. ZWETNOW: Effects of increased
intracranial pressure on cerebral venous POZ’ PCOZ’ PH lactate and

pyruvate in dogs. Acta physiol. scand. 75, 267-275 (1969)

GRANHOLM, L. and B. K. SIESJO: The effects of hypercapnia upon the
cerebrospinal fluid lactate and pyruvate concentrations and upon the lactatsg,
pyruvate, ATP, ADP, phosphocr.eatine concentrations of cat brain tissue.
Acta physiol. scand. 75, 257-266 (1969)

SIESJO, B.K. and N.N. ZWETNOW: Effects of increased CSF pressure upon
adenine nucleotides and upon lactate and pyruvate in rat brain tissue. Acta
neurol. Scandinav. 46, 187-202 (1970)

MATAKAS, F., M. LEIPERT and J. FRANKE: Cerebral blood flow during
increased subarachnoid pressure. Acta Neurochirurgica 25, 19-36 (1971)

MEINIG, G., H.J. REULEN, C. MAGAVLY, U. HASE and O. HEY: Changes
of cerebral hemodynamics and energy metabolism during increased CSF
pressure and brain edema. Intracranial pressure. Springer-Verlag
Heidelberg 79-84 (1972)

ZWETNOW, N.N.: Effects of increased CSF pressure on the blood flow and
on energy metabolism of brain. Acta physiol. Scandinav. suppl. 339 1-31
(1970)

ZIMMERMANN, W. E.: Hypoxie und Gewebsstoffwechsel. Der Anaesthesist
13,4 122-127

HUCKABEE, W.E.: Excess Lactate and anaerobiosis. Pharmacol. Rev. 17,
247-252 (1965)

GOBIET, W., W.J. BOCK, J. LIESEGANG and W. GROTE : Long-time
monitoring of epidural pressure in man. Intracranial pressure.
Springer Verlag Heidelberg, 14-17 (1972)

LOWELL, H. M. and B. M. BLOOR: The effect of increased intracranial
pressure on cerebrovascular hemodynamics. J. Neurosurg. 34 760-769

(1971)

GREENFIELD, J.C. and G. T. TINDALL: The effect of acute increase in
intracranial pressure on blood flow in the internal carotid artery in man.
J.clin. Invest. 44, 1343-1351 (1965)

NORNES, N.: Recurrent hemorrhage and hemostasis in patients with
ruptured intracranial saccular aneurysm. Intracranial Pressure,
Springer Verlag Heidelberg 244-249 (1972)

>

Fig. 1. Internal carotid flow plotted against cerebral perfusion pressure (CPP),
Blood flow is markedly reduced at a CPP below 50 mm Hg

>

Fig. 2. pH values in jugular venous blood. Reduction of CPP below 50-60 mm Hg
is accompanied by increasing acidosis. (Interrupted lines=normal values)
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terminal stage leads to a marked decrease of BP and blood flow. ICP remains high.
(BP= Blood pressure, Flow= Blood flow in the art. Carotis interna, ICP=
intracranial pressure)



Chapter IL.
Clinical Therapy of Brain Edema



Hypertonic Solutions and Diuretics in the Treatment
of Brain Edema

H. BRENNER

Generally known decongestant and diuretic therapies are often applied according
to established treatment schedules, schedules which are changed as soon as a
new presumably more potent drug is discovered. Since decades this is the general
practice, a practice molded by clinical observations and experimental results

as well as theoretical concepts, analogies and traditions.

Hypertonic and diuretic therapies have been widely discussed in the literature
with little agreement of the various authors as to its value. The '""Handbuch der
Neurochirurgie'' dedicates a single page to the subject: it could mean that the
author attributes no importance to the problem or suggest that all has been said
and further proof is no longer required. Some authors, such as KLINGLER,
discussed the subject with resignation, others - such as W.E. DANDY - with
indisguised objection.

A variety of therapeutic modalities has been attempted with the purpose of
combatting the dreaded clinical manifestations of focal brain edema. In such
attempts the effects of decongestant and diuretic therapies may be quite variable

in different cases. Both beneficial clinical effects have been observed as well as
unchanged conditions side by side with situations which suggest a detrimental

action. Beyond that, the clinical treatment of edema as generally practiced,
particularly the application of decongestants, fails to duplicate various experimental
results. It has therefore been criticized both on theoretical grounds and on

clinical evidence.

In pertinent experiments the intracranial pressure and more precisely the
cerebrospinal fluid pressure are generally considered as evidence of, and
measure for, any pathophysiologic and therapeutic changes. In view of the quite
complex relationships between edema, displacement and compression of brain
structures, localization of the underlying process and its course in terms of
progression, adaptability and C.S.F. pressure, this approach appears to be
somewhat questionable. But experimental investigations to shed light on the
clinical and therapeutic implications of the edematous process proper present
considerable difficulties and have consequently been limited in number. The
difficulties encountered in such investigations do not relate primarily to inherent
differences between man and animal - this is a problem faced in variable degrees
in any experimental situation -; they rather relate to the following factors:

Any experimental method to study brain edema from a surgical point of view must
satisfy the following conditions:

1. The edema must originate from a focus, such as in cases of cerebral tumor,

abscess, contusion, etc.
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2. The edema must be uniformly reproducible and should not be exposed to
unpredictable alterations by secondary vascular factors, e.g. arterial compression,
herniation and phlebothrombosis. (This condition is unfortunately not satisfied

by methods which rely on inflatable balloons to serve as artificial space-occupy-
ing bodies).

3. The edema must be evaluated in its entirety, i.e. in quantitative terms, for
analyses of tissue samples are known to vary with the distance from the focal
lesion, from which the edema originates.

Comparative investigations require a standardized '""edema model' which, in
addition, should simulate human conditions. Among the parameters with which
edematous processes of the brain, their course as well as the effects of therapy
can be traced satisfactorily, albumin occupies a prominent place. It is a highly
sensitive indicator. Its rise is 100 to 400 times higher than that of water and
minerals and precedes variations of other substances. Moreover, its accumu-
lation in the extravascular spaces, i.e., in the brain parenchyma, can be traced
more effectively with radioactive labelling than is possible with fluorescein
coupling and blue staining.

A visible and palpable reduction of intracranial pressure in a patient with
cerebral prolapse who has been given potent diuretic treatment prompts the
assumption that the excreted urinary volume has at least temporarily reduced
the peritumorous edema. This can also be demonstrated experimentally on the
closed skull reducing the intracranial pressure.

The assumption that the edema volume is reduced is supported by analyses of
bioptic brain tissue carried out by the group of Mainz. These analyses indicated
that water, sodium and chloride levels were lower after 4 days of diuretic
treatment than in the untreated controls. But then, REULEN, SAMII and
SCHURMANN suggest that dysfunction of the renal tubuli may play a role in the
development of brain edema.

However, there is no derth of experimental observations which make the efficacy
of this approach questionable. Three years ago GO and coworkers, i.e. BEKS’
group in Groningen, demonstrated that the osmotic and oncotic barrier action
required an intactblood brain barrier. While 14C and 3H-labelled diuretics did
not enter normal brain tissue, they penetrated into edematous tissue areas. And
after a short lapse of time a balance was found to establish. Hence even the most
potent diuretics including urea did not possess any anti-edematous effect; they
rather acted in terms of expanding the plasma volume.

These findings are in good agreement with the results of SCHMIDT (previously
Freiburg) and WISE (San Francisco), who hold that the decongestant effect of
any drug is lost once the BBB is no longer intact.

If in a test animal with unilateral cold induced edema RISA is injected, enormous
quantities of albumin are found to accumulate in the edematous area in albumin
turnover.
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Albumin Globulin
Normal white matter 1.3% 98.7%
Edematous white matter 22.4% 77.6%
(total protein increase of 70 %)
Therefore:
Proteins of edemat.
transudation 52.0% 48.0%

Edematous white matter has some 70% more protein, with the albumin share
increasing from 1.3% to 22.4%. By means of a simple calculation, the edematous
transudate can be seen to consist of equal shares of albumin and globulin. More-
over, the albumin in edematous white matter can be seen to be 96% ''pathologic"
(edema specific) and only 4% '"normal" (pre-existent).

Albumin in edematous white regions:
Pre-existent 3.5%
From edema 96.5%

When killing the test animal, perfusing its brain and removing the hypothermally
induced necrotic areas, the activities of the intact and the edematous hemisphere
can be compared and related to blood activities (Table I).

These findings as well as the previously mentioned results indicating an inadequate
effect on the edema proper on the one hand and the uncontestable reduction of
intracranial pressure observed clinically under diuretic medication on the other
hand are not contradictory. For what seems to be contradictory is explained by
the fact that the diuresis primarily affects the intact brain parenchyma with its
balanced BBB, while it fails to counteract the pathologic forces of the edematous
process proper. The edema surrounding a furuncle on the back of the hand

equally fails to subside after the passage of 2 to 4 liters of urine! The results
presented also explain why, of all edematous processes, the diffuse low-grade
brain edemas respond best to diuretic medication - here we are confronted with

a situation that differs widely from that encountered by neurologists and internists.
Beyond that, the results serve to explain why circumscribed edematous areas may
expand after general diuresis: the reduction of brain volume produced by general
dehydration permits further expansion of the hemisphere involved, thus promoting
mass-shifting. Focal edema requires decompression and expansion towards the
surface and not towards the midline of the brain.

Experimental investigations also indicated that damage of the vascular walls
constituted the portal of the development of edema. This mechanism suggests the
prophylactic administration of anti-inflammatory agents to seal the vascular
walls and thus curb the expansion and slow down the rate of edema development.
Vitamins C and P, calcium, steroids, butazolidine and chestnut derivatives are
indicated prior to the onset of edema formation.

What are now the indications for hypertonic diuretic treatment?

Prior to surgery the surgeon will only rarely be faced with this problem, as
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causal therapy or at least a palliative procedure for short-term relief will be
prominent.

During surgery there are much more potent and much better controllable methods
to reduce intma cranial pressure. In the last 6, OOO craniotomies we performed
mannitol and sorbitol solutions had to be given only in those rare instances where
anesthesia emergencies occurred.

After surgery diuretic osmotherapy to combat potential edema development is
equally indicated in conditions following respiratory or general circulatory
hypoxemia. If, in exceptional cases, trepanation was done in completely inoperable
cases and attempts at decompression failed, these procedures will have to be
tried. This also applied to children with craniosynostoses, who show a tendency

to develop severe, often fatal diffuse brain edema.

In those cases where temporary or persistent occlusion of a cerebral artery or
vein can be expected to produce regional hemispheral edema - these include the
majority of our post-operative problem-patients - extensive decompression of
the surgical field and a priori application of high doses of drugs with a vascular
seal effect appear to be more appropriate. This approach is more promising than
an attempt at diuresis with the skull closed, which would risk progressive mass
displacement on account of volume reductions of the intact brain structures.

After surgery on particularly delicate neural structures where a local but not
mass-shifting edema should be prevented, the above arguments against osmo-
therapy lose their relevance. In these cases the initial given vascular sealing
medication should be completed on the 2nd and 3rd day with osmotic and hyper-
oncotic therapy. The latter is designed to become effective at the time of maximum
edema expansion. Timing the therapy to coincide with the postoperative edema
peak and limiting it to no more than approximately 48 hours have been chosen for

Hypert. sol.
Vasc. seals diuretics
Pre-operative where
required
Intra-operative in anesth.
emergencies ++
Postoperative after anesth.
emergencies + +44
in cranio-
synostoses + +++
in inoperable
non-decompressed
cases ++

lesion of cerebral
artery or vein +++

after surgery on
delicate neural
++
structures 4t (on 2nd and 3rd day)
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the reason that the drugs are known to gradually lose their efficacy and that a
possible rebound effect will be better tolerated after the edema peak.

When selecting the medication it should be borne in mind that all of the pertinent
agents are capable of penetrating the broken-down blood brain barrier and accumu-
lating in the tissue. If blood concentrations drop rapidly, the extra intravascular
gradient will soon be balanced or even inverted. This applies particularly to
glucose in cases where an insulin response causes hypoglycemia.

Beyond that, it should be remembered that the administration of hypertonic
solutions is limited quantitatively by plasma osmolarity. BECKER and VRIES
found a control osmolarity in excess of 310 mosm/1 to be fatal in all their cases.
Whether intra-carotid mannite application offers essential advantages we can not
say, as we do not have any pertinent experience.

If hypertonic solutions are used for their circulatory effects, high-molecular
substances, e.g., albumins and dextrane, should be given preference.

At the Vienna Neurosurgery Clinic diuretic treatment was not performed in more
than 1 % of all trepanations.



The Influence of High and Low Dosages of Mannitol 25%
in the Therapy of Cerebral Edema

Comparative Study with Monitoring of Intraventricular
Pressure

A. KUHNER, B. ROQUEFEUIL, E. VIGUIE, PH. FREREBEAU,
E. PERAZ-DOMINGUEZ, M. BAzIN, J. M. PRIVAT, and C. GROS

Cerebral edema has been treated by hypertonic solutions for many years. Urea
and mannitol are the solutions most often used.

Since the introduction of intracranial pressure monitoring the usefullness of
hypertonic solutions has been analyzed and confirmed by many authors. The
efficacity of a hypertonic solution on cerebral edema is a function of the speed

of injection and of amount used (22). The doses used vary from 1 to 4 g/kg for
different authors. The intravenous route is used most often; to our knowledge
only one author has studied the effect of mannitol by the intra-carotid route (21).
This author noted a greater effect on CBF and ICP by this route but he also noted
certain dangers such as: the risks inherent to intraarterial perfusion itself and

a rebound phenomenon with decrease of CBF if the perfusion is stopped suddenly.

Since mannitol is not metabolized (26, 27, 28) the quantity used should be reduced
to a minimum because, in acute traumatic cerebral edema, there are major
metabolic disorders (water and sodium retention with a breakdown of free-water
clearance) necessitating quantitatively limited reanimation. Since the effectiveness
is relatively shortlasting (1 to 6 hours according to the dose) repeated perfusions
are necessary to obtain an action lasting 24 hours. Therefore with doses of 1 to

4 g/kg the total for 24 hours dose surpasses reasonable limits.

Because of this, we looked for smaller doses which were still effective; so we
analyzed the action of mannitol at the reduced doses of 0, 30 and 0, 15 g/kg in intra-
venous injections.

Methods

We analyzed the action of 25 % mannitol on a series of 30 patients with severe
traumatic cerebral edema. All of these patients were comatous, intubated or
tracheotomized and under artificial respiration. The gazometric and manometric
conditions were the same in each case, thus eliminating the influences of respira-
tory parameters on ICP. ICP was measuredbyour intraventricular catheter and

a Statham-type pressure-cell connected to a variable speed polygraph which per-
mitted the study of both the immediate and long term effects.Concurrently we
recorded central venous pressure, tracheal pressure, blood pressure and EKG
on the same recorder.

Two different doses were used for rapid intravenous inj ection (less than 1 minute):

0, 15 and 0, 30 g/kg that is 50 cc and 100 cc respectively on an average. 4 to 6
injections are given per 24 hours. We chose the intraventricular pressure as our
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parameter because there is less chance of error than with extradural pressure
(5). Both pressures are in direct linear correlation with the extradural pressure
being generally higher ( 13,24 ). Before studying the variations of ICP following
administration of mannitol we considered it necessary to record ICP for at least
1 hour prior to injection so as to know the exact mean ICP, since it is absolutely
necessary to take into account the physiologic variations, especially the plateau-
waves which can last from 5 to 20 minutes.

Results

In 82 % of the cases we obtained a constant response after each injection. In 18 %
there was no action on ICP. A rebound phenomenon was observed in 6,6 % (2 pa-
tit%nts), afﬁd, finally, we often noticed a decreased effectiveness starting with the

4" or 6 injection.Each time there was no action on ICP there was also no osmo-
tic diuresis and a hyponatriemia with severe hemodilution. The effectiveness of
mannitol seems to be dependant on the initial plasma osmolarity and on renal
function.

For each dose several parameters were studied.

A. Initial decompressive action (Fig. 1 and 2):

We observed, for each of the two doses, an immediate lowering of ICP, This action
is progressive with a maximum lowering after 10 to 15 minutes and exceptionally
after 30 to 40 minutes. The rapidity of the initial decompressive action is identical
for the two doses. The curves in figures 1 and 2 show this immediate action for

the 100 and the 50 cc doses. We can also notice at the same time a slight elevation
of the blood pressure by the parallel volemic effect.

B. Duration of the decompressive effect:

While the plateau of maximum lowering is relatively short we constantly noticed
a long enough period of time during which the ICP is less than the initial value;
the curve progressively approaches the initial level.

For the 100 cc dose, the mean time of action on 30 patients was two hours (Fig. 3)
while for the 50 cc dose it was never longer than one hour (Fig. 4).

On all the recordings we are able to notice a regular flattening of the hemodynamic
interferences (cerebral pulse) during the time of the mannitol effect.

C. Degree of the decompressive action:

The fall of the ICP is immediate and progressive with a maximum in approximately
15 minutes. The ICP progressively returns to its initial value. For the 100 cc dose
we obtained a mean lowering in ICP of 60 to 80 % while with the 50 cc dose the
lowering was in the range of 20 to 50 %. Fig. 5 summarizes the different action
profiles of the two doses of mannitol.

D. The rebound phenomenon:

This was observed in two cases ( Fig. 6). This phenomenon is explained by an
intracellular passage of mannitol ( 7, 20) which inverts the osmotic disequilibrium
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previously created by the mannitol injection. The rebound phenomenon has been
known to existfor a long time and has been reported for various hypertonic solu-
tions: 19 % RINGER’ s solution (6), hypertonic saline and glucose sulutions (2, 3,
4,8), urea (16) and mannitol (16,22, 12). But this phenomenon has been greatly
disputed; for example, it has not been observed in certain cases with urea (11,23
14) and mannitol (4, 26, 27, 28).

JAVID and Coll. (11) studied this particular problem in detail and concluded that
the rebound phenomenon is very rare and that many cases reported in the litera-
ture are often doubtful; they defined this effect as an increase in ICP above the
initial values shortly after the injection. An increase in ICP 12 or even 18 hours
after injection is, according to these authors, too late to be called a true rebound
for only a substance which rapidly enters into the cell is able to cause this pheno-
menon.

Studies with Cl14-urea (19) have shown that the equilibration of the levels of blood
urea and intra-cellular urea necessitates 12 hours but already 6 hours after the
injection 50 % of the urea has been eliminated.

We are convinced that if there is a rebound it is most likely to appear if there is

no osmotic diuresis after mannitol injection. In fact, in the case shown in Fig. 6
there was no osmotic diuresis. This may explain the relatively small decompression
(10 mm Hg) and the rebound.

Discussion

The efficacity of mannitol on cerebral edema is admitted by most authors, but the
doses used are very variable. Some use the dose of 1,5 g/kg and obtain a decom-
pressive effect lasting 4 hours (16, 25). Others (22) used a dose of 1 g/kg with a
decompressive effect lasting 3 hours. A comparative study (26, 27, 28) of doses of
2 g/kg and 4,5 g/kg gave identical results for the two doses with an effect lasting
6 hours, the lowering of ICP was in the range of 50 to 90 %% . Repeated i.v.
injections of 30 g of mannitol (12) gave a lowering 20 to 25 % in ICP.

The results of WISE and CHARTER (26, 27, 28) showing the equal effectiveness of

2 g/kg and 4,5 g/kg doses encouraged our study especially since the doses used
seemed too large for a 24 hour time span. For example at a dose of 2 g/kg 2400 cc
would be necessary and at 4,5 g/kg 4400 cc are necessary. The infusion of 2400 cc
or even 4400 cc to obtain a prolonged decompression is certainly unthinkable. From
this point of view, the results which we have obtained are extremely interesting.
The degree of lowering obtained with the 0, 30 g/kg dose (100 cc) is, at 60 to 80 %,
practically identical with that obtained by much larger doses. The duration of the
action is shorter, approximately two hours, but the quantity theoretically necessary
for 24 hours (Fig. 7) much less (1200 cc). It goes without saying that there should
be regular controls of the serum osmolarity. We feel that the osmolarity should not
go above 320 milliosmoles.

Conclusion
Repeated injections of 25 % mannitol at a dose of 0, 30 g/kg are sufficient for the

treatment of cerebral edema and prevent the appearance of hemodynamic overloads
with all their risks, without any loss of efficiency of the decompressive effect.
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The 50 cc dose, 0,15 g/kg, was shown not to be effective enough in severe cases,
but may be adequate in cases of moderate intracranial hypertension. The continuous
monitoring of ICP is not only necessary to control the effectiveness of the treat-
ment but it also permits adapting the treatment in function with the ICP level.

Summary

The efficiency of hypertonic solutions in the therapy of brain edema, especially
post-traumatic, depends not only on the dosage but also on the velocity of injection.

The frequent metabolic disturbances observed in such cases (water and sodium
retention, breackdown of free-water clearance) demand a restriction of liquid intake.
Solutions not metabolized, such as mannitol, must be restricted as much as

possible because at high dosages they expose the patient to several risks such as
hemodynamic overload, osmotic nephrosis, hyponatriemia by dilution or hyperna-
triemia by dehydration.

Because of these different reasons the authors have studied the action of mannitol
(25 %) at low dosages on intracranial pressure. The dosages employed were 0, 15
g/kg and 0, 30 g/kg (50 ml and 100 ml respectively on the average) in rapid intra-
venous injection. The lowering of intraventricular pressure obtained depends on
the dosage: lowering of 20 % with 50 ml and 80 % with 100 ml average dose. The
lowering rate for the 100 ml average dose is exactly the same obtained by others
with an average dose of 1100 ml (4 g/kg).

The action is almost immediate with a maximum effect 15 minutes after injection
followed by a progressive decrease of action. The effect lasts for about one hour

at the 50 ml dosage and for about two hours with 100 ml. While the rate at which
pressure is lowered is the same with low and high dosage the effect of the high dose
( 4 g/kg - 1100 ml) is much longer, it lasts about six hours. But the quantity theo-
retically necessary to cover 24 hours is much less at the low dosage utilized by the
present authors: 1200 ml/24h with the average dose of 0, 30 g/kg (100 ml/injection)
against 4400 ml/24h with the average dose of 4g/kg ( 1100 ml perfusion in 1 hour).

Thus, the low dosage permits avoiding the dangers of mannitol therapy -mentioned
above without any loss of efficiency of its action on intracranial pressure. Finally,
this technique has another advantage: the possibility of preventing a sudden rise of
pressure with continuing need for injections.
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Fig. 2. Initial decompressive action of 50 cc PA = systemic blood pressure >
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Fig. 1. Initial decompressive action of 100 cc PIV = PCSF, PT = tracheal
pressure
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Fig. 3. Duration of the decompressive effect of 100 cc: 2 hours. Note the
flattening of the cerebral pulse during all the time of mannitol-action
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Fig. 5. The different actions of the 100 cc and the 50 cc doses. Duration of
90 minutes for 100 cc and only 45 minutes for the 50 cc dose in the same patient

<« Fig. 4. Duration of the decompressive effect of 50 cc: 1 hour
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Dosage Rate of Decrease Duration Theoretical quantity
necessary for an adult
Mannitol 25 % Injection in IVP(%) of action (70 kg) in 24 hours
50 ml 1.200 ml
Flash 10 to 20 1 hr
0,15 g/kg 300 g
100 ml 1.200 ml
Flash 50 to 80 2 hrs
0,30 g/kg 300 g
300 ml 2,400 ml
in 15’ 30 to 60 3 hrs
1 g/kg 600 g
600 ml 2,400 ml
in 15’ 60 to 90 6 hrs
2 g/kg 600 g
1.100 ml 4,400 ml
in 60’ 60 to 90 6 hrs
4 g/kg 1.120 g

Fig. 7. The

effectiveness of mannitol at different doses



Steroids in the Treatment of Brain Edema

H. J. REULEN, A. HADJIDIMOS, and U. HASE

Incfeasing experimental and clinical evidence has been accumulated on the efficacy
of steroids in the treatment of brain edema since the first reports of GALICICH
and FRENCH in 1961, Based on a large clinical study,this group showed that dexa-
methasone often resulted in the rapid and dramatic relief of symptoms and signs of
increased intracranial pressure and neurological dysfunction associated with ce-
rebral edema (11,12, 20). Since this enthusiastic report subsequent workers were
able to demonstrate the correctness of most of these statements, using more re-
fined techniques. The present report is an attempt to summarize these recent
findings and to evaluate critically this mode of treatment of brain edema.

Brain edema in man

KLATZO (17) and BAETHMANN, (2) at this meeting discussed the morphological
and chemical characteristics of brain edema mainly as based on experimental fin-
dings in animals. Fig. 1 summarizes schematically the respective chemical re-
sults of human brain edema. The figure shows the alterations in water content of
different brain areas in patients with brain tumors (7,8, 28, 31). According to the-
se data edema effects mostly the deep white matter of the tumor-bearing hemisphe-
re, which is compatible with gross morphological findings. Water content of the
deep white matter may increase from 70 % to about 82 %, which represents a lo-
cal increase in tissue volume of about 70 - 90 %. In the cortex only small changes
can be noted. Obviously, other brain areas such as the arcuate white matter, cor-
pus callosum, internal capsule, putamen and thalamus remain unaffected in this
type of edema. Changes in water content of the edematous white matter are close-
ly correlated with changes in both sodium and potassium content and are of the
magnitude expected if the edema fluid is derived from the plasma (28).

It should be stressed, however, that the accumulation of edema fluid in brain tissue
is only the first step in the pathophysiological sequence of events ( Fig. 2 ). Tissue
volume enlarges and intracranial pressure rises as a consequence. A diminution

of regional cerebral blood flow (rCBF) occurs (4, 13, 24) which is closely correlated
with the local accumulation of edema fluid (26). The reduction in perfusion of the
edematous areas may result in a critical underoxygenation of tissue and a rise in
tissue lactate as well as CSF lactate levels (9). Brain lactacidosis may impair lo-
cal regulation of blood flow and induce a state of vasoparalysis with loss of auto-
regulation and CO,-regulation (18).

Therefore, when trying to assess the effect of a drug on brain edema, we rather
should examine the various links of this pathological chain than concentrating only
on one aspect of the phenomenon.
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Effect of dexamethasone on human brain edema

a) Brain water and electrolyte content: Brain edema is a pathological increase
of fluid in the brain tissue. Acceptence of such a definition implies that one crite-
rion for the effectiveness of steroids on brain edema is the demonstration of a
reduction in pathological increased tissue water content. Fig. 3 represents the
findings of an investigation in patients with brain tumors or brain lesion. 16 pa-
tients undergoing craniotomy were pretreated with dexamethasone ( 4 mg every

6 hours intramuscularly) during 4 to 6 days. 18 patients were not pretreated and
served as control. At the time of craniotomy tissue samples of gray and white
matter were obtained from areas adjacent to the tumor which had to be operati-
vely removed (26).

The changes found in the perifocal brain tissue ( Fig. 3 ) in untreated patients con-
sisted in a marked increase of the water and the sodium content of the white matter
as compared to values obtained from morphologically normal areas (28) during lo-
bectomy or from normal human brain at autopsy (7, 8). In patients treated with
dexamethasone 4-6 days prior to the craniotomy, the water and sodium content of
the perifocal white matter was significantly reduced by about 3.5 %. However,

this value is still higher than the value of normal white matter which was reported
as 69 - 71 % (7,8,31). In the cortex a moderate decrease in sodium content was
observed. These results are thus in agreement with electron microscopical fin-
dings of LONG et al. (19), who provided evidence of significant reduction of ul-
trastructural characteristics of peritumoral brain edema following dexamethasone
administration.

SCHMIEDEK et al. (29) recently showed a similar effect on human brain edema by
aldosterone, a mineralo-corticoid., This group has started a double-blind-study

to compare dexamethasone with aldosterone, both clinically and chemically. This,

in factisof great importance since aldosterone, even in the large doses used in this
study, provedtohave only small side-effects.

b) Cerebral blood flow: Following the introduction of methods for measuring regi-
onal cerebral blood flow (rCBF),it was shown by several groups that the blood
flow of thetumor-bearinghemisphere is significantly diminished (4,13, 24). The
most significant reduction, however, is found in the perifocal brain tissue. Re-
gions corresponding to the tumor location may be hyperemic or ischemic. Accor-
ding to recent studies this drop in rCBF is primarily induced by an increased
tissue pressure due to brain edema (27) and to a smaller extent only by an in-
creased intracranial pressure (ICP) (22).

Consequently, if dexamethasone reduced the amount of brain edema, an increase
in rCBF should be expected. 14 patients with a brain tumor or a space-occupying
lesion were submitted to rCBF measurement before and after 5-7 days of dexa-
methasone treatment (24 mg daily). rCBF measurement was performed with a

16 channel scintillation probe equipment using the intraarterial 1334enon clea-
rance technique. Blood flow was recorded at rest, during induced hyperventila-
tion and during induced arterial hypertension (14, 26). Before treatment patients
showed a significant reduction of mean hemispheric blood flow as compared to
normal values (about 50 - 55 ml/100 g min). Induction of arterial hypertension
disclosed an increase in CBF indicating a defective autoregulation. Hyperventi-
lation showed an impairment of CO,regulation of CBF ( Fig. 4). Following dexa-
methasone treatment,a marked and significant increase in mean hemispheric blood
flow occurred in these patients, mostly concomitant with a clinical improvement.
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Functional tests revealed that the cerebrovascular response to blood pressure
changes as well as to hyperventilation was improved or restored.

For clinical purposes the regional pattern of these changes shall be illustrated by
the report of one of the cases. Carotid angiography in this 60-year-old male patient
showed a left side temporal tumor, which later was histologically verified as an
astrocytoma. Brain scan was negative. The position of the probes for regional re-
cording of CBF is shown schematically in fig, 5. Before steroid administration
blood flow of the focus corresponding to the tumor as well as the perifocal edema-
tous areas amounted to about 10 ml1/100 g. /min as compared to the blood flow of
the residual hemisphere of about 25 m1/100 g/min. Following this rCBF measure-
ment the patient received dexamethasone (3 x 8 mg daily i.m.) during 6 days and
thereafter the study was repeated. The most striking observation was an increase
of the flow rate of the focus to 27 m1/100 g/min while the flow of the residual he-
misphere was increased to 29 m1/100 g/min (Fig. 6a). Study of the autoregulatory
capacity disclosed a focal disturbance of about 34 % while the surrounding brain
tissue showed a normal autoregulation. This focal autoregulatory defect became
obviously improved following dexamethasone. Similarly, the defective focal CO,-
response seemed partially restored following the steroid therapy (Fig. 6b). Thus,
the results indicate that dexamethasone exerts a favorable effect on CBF in patients
with brain tumors and improves the focal or global vasomotor paralysis present

in edematous areas. We believe, that the reduction of brain edema may account
for the restoration of circulation.

ifntracranial pressure: If steroids reduce brain edema respectively brain volume,
an increased ICP should also decline. KULLBERG (16) previously reported on
continuous intraventricular pressure recordings in patients with brain tumors, which
clearly indicated a fall of an increased ICP, following steroids. Most striking was

the finding that the first change occurring during steroid therapy was a reduction

of the ""high pressure episodes', while the basal pressure decreased only later.
According to KULLBERG, a raised intraventricular pressure following severe head
injuries generally responds less to steroids, especially in patients with continuous
elevation of ICP to a high level.

In conclusion, steroids efficiently reduce brain edema and exert a favorable effect
on the pathological situation of the edematous brain tissue. This is of utmost im-
portance since the extent of this focal pathology is closely related with the final
outcome of patients.

Clinical response of brain edema to steroids

The second part of this report is concerned with the available clinical data as
related to the steroid therapy. According to experiences existing so far, the res-
ponse to dexamethasone differs considerably in the various cerebral diseases
associated with brain edema (Fig. 7). The best and most rapid response is seen

in patients with brain tumors, especially with cerebral metastasis and with gliobla-
stomas. The response in meningiomas and astrocytomas ranges behind these ma-
lignancies (20). It is interesting to mention that the same range has been reported
in the tendency of these tumors to develop perifocal brain edema (33).

In an attempt to assess the clinical improvement more quantitatively, MAXWELL

et al. (20) examined various symptoms and neurological disturbances in 815 patients
with brain tumors. They found that a raised ICP, a hemiparesis and a dysphasia
revealed a positive response in about 75-85 % of the patients, in whom they occurred.
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Clinical signs of an increased ICP such as headache, nausea, vomiting and de-
pression of sensorium improved or were completely alleviated within 12 - 36
hours. A poor response of a hemiparesis to dexamethasone was usually associ-
ated with a low grade astrocytoma or was due to a destructive lesion of the mo-
tor area. Resolution of papilledema was seen only in about 30 % incidence, pro-
bably due to the fact, that this process reacts with a relatively long delay.

Supportive evidence for the efficacy of steroids in patients with brain tumors was
obtained by a retrospective study. In this study we examined the lethality following
operation and removal of supratentorial brain tumors in adults. 100 patients re-
ceiving dexamethasone at least 3 days before craniotomy and post-treated in the
manner,described below,were compared with 65 patients whithout steroids ( Fig.
8). (Pituitary adenomas are not included in this study). Lethality in the group not
receiving dexamethasone amounted 23 % as compared to 10 % in the dexametha-
sone treated group. We believe, that this important decrease in lethality from 23 %
to 10 % is mostly related to dexamethasone, although additional improvement in
basic treatment and anesthesia during this period (about 2 1/2 years) may have
contributed. It is interesting however, that other groups also observed a drastic
drop in operative mortality. BUCY and IEELSMA (5) found a reduction from 21 %
to 3 % in 186 glioblastomas and MUCKE (23) a fall from 19 % to 11 % following
adminis tration of steroids.

Except for brain tumors the best response to dexamethasone is seen in brain ede-
ma associated with brain abscesses. We started to treat patients with brain absces-
ses and increased intracranial pressure with dexamethasone only recently, when
other groups reported on their positive experience (20, 25). In agreement with the-
se reports we found that treatment with dexamethasone and systemic antibiotics
enabled a better control of brain swelling and increased ICP. Operation which of-
ten had to be performed under poor condition of the patient could be better planned
with edema under control,and at some occasions it had even to be postponed until
encapsulation. This could be demons trated by repeated brain scan or / and caro-
tid angiography. With all simultaneous administration of systemic antibiotics we
have not seen an exacerbation of the local brain inflammation.

The response to steroids is far less apparent in severe closed head injuries than
in brain tumors or abscesses. The often dramatic clinical response to steroids in
patients with brain tumors is uncommon following severe head injury. Several in-
vestigators observed an increased survival rate in acute head injury patients trea-
ted with steroids, but these reports did not contain controls (30). A double blind
study has been conducted by RANSOHOFF, RAND and WOOD (25) in critically ill
acute closed head injury patients without angiographic shift or significant .clots,
but with documented increase in ICP. Patients received methylprednisolone, 125
mg every 6 hours for 4 days. The results showed that although there was a distinct
trend to a better survival rate in the steroid treated group, ( 48 %) as compared
to the placebo group ( 28 %) this was not statistically significant, since the number
of patients was too small. The quality of survival also appeared better in the
treated patients, but did not reach significance.

Laboratory studies using a model of a brain lesion showed that the timing of ste-
roid administration may be a major factor. Pretreatment resulted in a smaller
edema territory than treatment at the time of lesion production or when steroid
treatment was delayed (15, 21). An additional factor may be the dosis and admi-
nistration of the steroid. Undoubtedly, a properly conceived double blind study
with asufficiently larger number of patients would be most important to make a
clinical conclusion.
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Dosage and duration of steroid therapy

Plasma half-lives of 140 - 370 min. have been reported for dexamethasone in blood
(32). Thus, the repeated administration of dexamethasone every 6 hours seems phar-
macologically reasonable. Whether the empirical choice of 16 mg / day (11,12) is
an optimal dosage for all types of brain edema is not known, since no dose-effect
studies have been done.

In patients undergoing brain surgery most authors use a pretreatment of 2 - 4 days.
Therapy is started with a loading dose of 1o mg of dexamethasone i.v. followed by
4 mg every 6 hours i.m., as recommended by GALICICH and FRENCH (11, 12).
This schedule is continued following operation for 3-4 days, then the steroid is
tapered over a 4-7 days period, depending’on the patients condition.

Dexamethasone may become a most important adjunct in therapy in the group of
patients with inoperable gliomas, recurrencies or multiple cerebral metastasis.
Relief of symptoms, improvement of the sensorium can be often achieved after 2
- 3 days of the usual high steroid dosis (16 mg/day). The doses can then be redu-
ced individually until symptomswillreoccur. Patients can often be maintained in
good condition and live at home for weeks with this individually adjusted dose and
an orally administered form of dexamethasone. We consider this as a very im-
portant aspect of this therapy.

Steroid dependent brain

Several groups have encountered patients with brain tumors who had been placed
on high-dose long term steroid therapy before referringtothe hospital. Reducing
the steroid in the usual manner following the operation in these patients, through
the 5 - 7 days taper, results in an often acute deterioration, depression in senso-
rium and sometimes in coma. Continuous intraventricular pressure recordings in
some of these patients showed a rapid elevation if ICP when steroid therapy was
discontinued and a pressure decrease when steroid administration was restarted
(16). These patients require a careful and gradual taper of the steroid over seve-
ral weeks. It should be stressed, that the steroid dependency of the brain has ne-
ver been observed in the usual short term pre- and posttreatment of patients un-
dergoing brain surgery. Whether this phenomenon is related to some alterations
of CNS membrane function or/and depression of adrenal cortical function is still
a matter of discussion (1).

Side-effects of steroids in the treatment of
brain edema

Complications attributed to the steroid therapy were not very frequent in most re-
ports (3,6,10,11,12, 20,23, 25). This may well be due to a screening of all pa-
tients for any history concerning gastric ulcers or diabetes. In addition,all pa-
tients were covered with an antiacid during steroid administration. Finally, the
high dose steroid treatment should not be continued longer than 10 - 12 days.

With these restrictions, gastro-intestinal hemorrhage was observed by different
groups (3,6,20) in 3 - 10 % of the patients. Since this complication is seen more
frequently in comatous patients with severe head injuries, the complication rate
may depend on the proportion of head injuries in the respective series.
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Delayed wound healing or an increased incidence in wound infection of pulmonary
infection was not observed by most groups (3, 20, 25) and this is in line with our own
experiences. Other side effects, such as mild electrolyte disturbances or hyper-
glycemia, sometimes occurring in the immediate postoperative course, could be
managed without difficulties and they disappear after discontinuing the steroid.
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Effect of dexamethasone on the water and electrolyte content of perifocal

edematous cortex and white matter in patients with brain tumors.
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Mr CBF Hypertension Rest Hyperventilation
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MABP mm Hg
Dexa. 135:2 101: 4 94:3
Untr. 130:2 98:3 92:2
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Fig. 4. Mean rCBF and vasomotor response in 6 patients with brain tumor before
and after 5 - 7 days of dexamethasone administration (24 mg/day). Values at rest
and during hypertension are corrected to a standard PaCOj of 40 mm Hg. The
broken line shows the expected change of MrCBF following hyperventilation (26)
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Fig. 5. Case report: Left sided temporal astrocytoma in a 60 year old male. Ca-
rotid angiogram and location of the scintillation probes for the measurement of
rCBF
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Before Dexamethasone-Treatment After Dexamethasone-Treatment
\\\\\
MrCBF (std.) 18.8 MrCBF (std.) 28.2
Art.pCO2 41.0 Art. pCO2 405
MABP 82 MABP 90

Fig. 6a. Case report: rCBF of the focus (tumor and perifocal edematous brain tissue)
and of the residual hemisphere before and after dexamethasone therapy

Before Dexamethasone-Treatment After Dexamethasone-Treatment

Autoregulation

(i

CO, - Regulation

MrCBF (std.) "7 MrCBF (std.) 19.8
AArt.pCO, -13.5 4Art.pCO, -11.5
mABP 82 MABP 90

Fig. 6b. Case report: Vasomotor response of the focus (tumor and perifocal ede-
matous brain tissue) and of the residual hemisphere before and after dexamethsone
therapy
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RESPONSE TO DEXAMETHASONE IN BRAIN EDEMA ASSOCIATED WITH:

Cerebral Metastases
Glioblastomas
Astrocytomas
Meningiomas

Brain Abscesses
Spinal Cord Tumors

Acute Closed Head Injuries

Fig. 7. Response to dexamethasone in brain edema associated with various cere-
bral diseases

Supratentorial Tumors

25%-
20%
15%4
>
©
-
3 10%
100 |
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0 %-
° Without Dexamethasone
Dexamethasone Before and After Op.

Fig. 8. Lethality of patients with supratentorial brain tumors treated with dexa-
methasone before and following operation (100 patients) as compared to patients
(65) which were not treated with dexamethasone. Retrospective study



Electroencephalographical Findings During Therapy of
Brain Edema with Dexamethasone

R. W6Rz and H. RIEGER

Introduction

After the publications of GALICICH and FRENCH (2) several experimental and

clinical investigations have confirmed the efficacy of dexamethasone treatment

for cerebral edema (5,6,7,10). At the same time they discussed several inter-
esting problems. In order to gather more clinical information in man, we per-
formed an electroencephalographic observation on the course before and during
treatment with dexamethasone.

Materials and Methods

This study included 10 patients with supratentorial primary tumors, 8 with ce-
rebral metastases and 2 others with pseudotumor cerebri. Primary neoplasms
were 2 glioblastomas, 3 astrocytomas, 1 astroblastoma, 2 oligodendrogliomas,
and 2 meningiomas. For the patients submitted to operation, the observation of
the EEG course reached up to the date of the operation. For those, who had been
palliatively treated, the study extended over several weeks and in some cases
months. 15 patients received a daily dose of 24 mg of dexamethasone, 5 others
were treated with 16 mg daily. In all cases, an EEG was recorded before treat-
ment and compared in blind trial with another one which had been taken 4-5 days
after the beginning of therapy. The interpreter of the EEG did not know the pa-
tient, the diagnosis nor the date of the recording. We used a 12-channel-instru-
ment, mono-and bipolar techniques with several arrangements of the electrodes
and performed a 4 minutes hyperventilation test.

Results

In the case of patients palliatively treated for a prolonged time with dexametha-
sone, a decrease of diffuse abnormalities was observed. At the beginning, focal
EEG patterns became more prominent which in further development diminished
in degree and spreaded. Monomorph delta groups as distant signs came less
frequent or disappeared completely. In the cases, in which initially local findings
had been observed, somewhat in the form of polymorphic delta activity, a di-
minution of degree amplitude, and spread in the neighbouring regions was noted.

The same observation was made in the case of sharp waves and spikes regarded
as cerebral irritation signs.

In the blind trial, out of 20 EEGs 16 which had been recorded during steroid
therapy, were judged "improved" and 4 other "worse'' compared to the initial
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curves. The observations on the course before treatment show, that the develop-
ment of the tumor is accompanied with a tendency to worsening of EEG. We assum-
ed the probability that within the period of investigation a worsening rather than
an improvement of the EEG appears withp = 0.6 to p= 0.4. The 99 % score
with 4 worsenings out of 20 pairs ranges from 0.04 to 0.51 and 95 % score from
0.06 to 0.44. Our assumed rate of worsening is beyond the 99 % score. With the
clinically inadequate assumption of p = 0.5 to p = 0.5 there is a significance at
the 5 % level of probability. In some cases, an 8-channel-EEG was storedonmag-
netic tape before and during dexamethasone treatment. In order to evaluate the
inter-regional synchrony and certain spatio-temporal characteristics, the compu-
tation of cross correlation functions and their topographical mapping was applied,
according to the technique described by RIEGER (11).

Fig. 3 shows the electrode positions; the activity observed by 7 bipolar EEG deri-
vations are cross-correlated with the EEG of the 'reference' - channel 1 on the
midline. The seven cross-correlation functions are juxtaposed and intermediate
values are interpolated.

Spatio-temporal maps of correlation functions can now be presented (Fig. 4 and 5).

Analysis conditions: Time resolution of (digital) EEG-measures: 1.6 ms ( =step
of lag). Maximal lag 409.6 ms. Number of sweeps for each correlation function:
about 1 200, corresponding to an EEG duration of 8 to 10 min. One map is the
result of computation of about 2 millions of individual measurements.

The patient presented in fig. 4 shows a modification of the spatio-temporal corre-
lation structure during dexamethasone treatment which may be interpreted as an
amelioration - although we still know little about spatio-temporal EEG features in
brain tumors: In the upper map, the initial phase reversal (T=0) between positive

and negative correlation areas is displaced to the left (affected) hemisphere. Simi-
lar observations are reported by CALISKA et al. (1), who applied the alpha avera-

ge technique (REMOND et al.: 9) on brain tumors. During the treatment, the ini-

tial phase reversal returns to the normal site on the midline and the values of corre-
lation coefficients are becoming higher (more level lines, especially in the initial
part of the lower map).

Nevertheless, the systematic trend to EEG improvement during dexamethasone
application observed in conventional records in our blind trial is not necessarily
accompanied by a normalization tendency of correlation maps. The patient in fig.
5 shows - in spite of an amelioration in his EEG no modification in the very irre-
gular, badly correlated spatio-temporal structure.

The two patients presented here show an unusual, irregular spatio-temporal pattern
of correlation functions distinguishing them from the regular, symmetrical pattern
of normal records. It is not surprising that a certain discrepancy can appear bet-
ween conventional EEG and correlation maps: this method describes EEG qualities
which are not detectable by visual analysis, especially the functional connection
between the electrical activities of different regions.

Conclusions

Our conventional EEG findings during dexamethasone therapy may be interpreted
as an expression of the diminution of the peritumoral edema. probably as conse-
quence of this, of the decrease of raised intracranial pressure and of metabolic
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disturbances. Our results, however, do not allow us to state whether inhibitive or
stimulative drug effects play a part in the growth of the tumor (3,4, 8,12,13,14).

They also show, that dexamethasone is at least effective in a part of the cases with
pseudotumor cerebri.

The histological type of the tumor together with the extent of perifocal edema plays
an important role whether striking or minor effects appear during treatment with
dexamethasone.

Six of the eight cases with cerebral metastases, experienced a remarkable improve-
ment; in 2 of them, in whom considerable pathological EEG patterns had been observ=-
ed before treatment, there was an almost complete normalization. It may be assum-
ed that this was due to small tumors accompanied by increased edema and consi-
derable metabolic disturbances. One meningioma, 1 oligodendroglioma and 2 pat -
ients with metastases showed a worsening of the EEG.

Considering the neurological, psychopathological and other findings, the response
of the growing intracranial process to dexamethasone provides useful clinical in-
formation on the extent of a perifocal edema.

Clinical or pharmacological investigations on the effects of drug have not yet been
carried out using topographical methods. Our paper illustrates the fact that in the
evaluation of the EEG in space-occupying processes and their treatment not only
frequency and amplitude, but also topographical qualities are important parame-
ters.

Further application of these methods of analysis seems desirable.

Summary

In 20 patients with evidence of cerebral edema, an electroencephalographic observ-
ation of the course before and during dexamethasone treatment was performed. In
each case an EEG, recorded before the treatment, was compared in a blind trial
with another one, which had been taken 4-5 days after the beginning of steroid
therapy. 16 EEG records traced during the treatment period showed signs of im-
provement and 4 cases showed signs of worsening.

In patients with cerebral metastases who had been palliatively treated, an improve-
ment of diffuse EEG abnormalities was seen at first. At this stage, focal signs tend-
ed to become more prominent. They diminished later on. When there were initi-
ally focal signs in the form of polymorphic delta activity, sharp waves or spikes,
their degree, amplitude and spread improved substantially.

The histological type of the tumor together with the extent of perifocal or genera-
lized edema plays an important role whether an impressive or a minor response
appears to dexamethasone treatment.

Our findings also show that at least in part of the cases with pseudotumor cerebri
dexamethasone has beneficial effects.

In several cases a chronotopographical analysis was performed. The cross corre-
lation functions of 2 patients are topographically represented. The spatio-temporal
maps illustrate that in brain tumor and edema topographical qualities are of interest.
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Fig. 1. K.W., 57 years old. Deep oligodendroglioma involving the left frontal
lobe. Before treatment. EEG: There is a diffuse, continuous, and very irregular
delta activity with predominance in the frontal regions. Alpha activity is present,
but superimposed by irregular slow waves. The arrangement of electrodes is shown
on the right, the numbers correspond to the EEG channels. The technique is the
same as in fig. 1 - 2
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Fig. 2. Same patient as in fig. 1. During dexamethasone treatment. The frontal
delta activity became sporadic, the general slowing is clearly less pronounced.
Lability of frequencies in the alpha/theta range

Fig. 3. Electrode arrangements for correlation
analysis. Single electrode from right to left,
crossing the midline 5 cm above the inion. The
numbers indicate the 8 EEG channels. Channel 1
activity on the midline is correlated with all
other channels
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Fig. 4. Spatio-temporal representation of a series of cross-correlation functions
in a patient with metastases in the left parietal region. Positive correlations cor-
respond to dark, negative correlations to white areas. Neighbouring level lines
differ by a correlation coefficient of 0. 1; zero correlation exists on the limit bet-
ween dark and white surfaces. The place of initial phase reversal (=zero corre-
lation) is indicated by an arrow (pH). The ordinate represents the analysis time
of 409. 6 ms. On the abscissa the correlation functions obtained on the right he-
misphere are represented on the upper part of each map, the corresponding func-
tions of the left hemisphere in the lower part. The marks on the abscissa indica-
te the spacing of the original correlation functions: intermediate values are inter-
polated

Upper map: Oblique, slightly asymmetrical structure. The phase reversal is dis-
placed to the left (affected) hemisphere

Lower map: Under dexamethasone treatment slightly higher correlations, same
oblique structure. The initial phase reversal has returned to the midline
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Fig. 5. Very irregular, almost random correlation maps of a patient with an astro-
cytoma (KII) of the left hemisphere (parieto-temporo-occipital expansion). Some
regular "activity' is observed in the alpha range on the right hemisphere (R) only.
On the left (L), very slow or irregular phenomena are present. Under dexametha-
sone treatment ( lower map) no substantial change



Influence of Ventilation and Hyperventilation on Brain
Edema and Intracranial Pressure

R. A. FROWEIN, A. KARIMI-NEJAD, and K. B. RICHARD

The task of reporting about hyperventilation in the sense of increased alveolar ven-
tilation and its influence especially on the brain oedema seemed difficult from the
neurosurgical point of view. There seem to be only few exact studies that are apt
for clinical interpretation. For this reason, it seems necessary to accept the cere-
brospinal fluid pressure (CSF pressure) as a further factor of intracranial pressu-
re. In the course of a lumbar tapping, BARANY observed in 1912, that hyperven-
tilation leads to a reduction in CSF pressure. After that it was especially LUND-
BERG and co-workers (1959) who observed the ratio of ventricle fluid pressure
(VFP) and the changes in the minute volume, for example, in the case of a 60-year
old patient having a temporal glioblastoma. The average VFP of 30 mmHg, corres-
ponding to approx. 400 mm H20, was measured under spontaneous breathing of

5-6 1/min. Artificial increase of the minute volume for 1 - 2 hours to 15 and more
1/min. reduced the VFP to less than 275 mm HZO'

For the neurosurgical judgement of a therapeutic application of hyperventilation
in the presence of brain oedema and increased intracranial pressure - besides the
effect volume - it is also the effect duration that is of importance: most studies
are short-term observations: These will be discussed first. Thereafter, we shall
discuss long-term hyperventilation and long-term discontinuous assisted ventila-
tion (KARIMI-NEJAD, MASCHKE 1973).

Short-term observations

Since, 1960 the neurosurgery has known the short-term application of controlled
hyperventilation with extreme negative endexpiratory pressure in the trachea,
applied as positive-negative pressure ventilation in anaesthesia (HAYES et al.
1962, SCHETTINI et al. 1967, McCOMISH and BODLEY 1971). The resulting
strong decrease of CSFP pressure and brain volume is exactly the reaction that
is desired by the surgeon (Fig. 1).

COBB and co-workers 1931 already assumed - as many other investigations did
later on - that this effect is caused, according to the kind of hyperventilation
applied - by two mechanisms:

One is the decrease of pressure in the thorax and thus a better intracranial venous
drain (HUBAY et al. 1954) and the other oneisthe reduced blood flow in the brain
(see GOTOH and co-workérs 1965, BROCK et al. 1969, FRAZER 1970, GOTTSTEIN
1970, CERVOS-NAVARRO et al. 1971, GAENSHIRT 1972), which is due to hypo-
capnia. According to the measurements taken by REULEN et al. 1970, this amounted
to approx. 1/4 of the rest value at an arterial PCO, of 26 mmHg. At the same ti-
me, the regional brain flow in the region of a local brain lesion - infarct, oedema

- can rise remarkably. LASSEN 1966, WUELLENWEBER 1967, LASSEN, PAL-
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VOEGLY 1968, PALVOEGLY 1969, BROCK et al. 1970, REULEN 1971, SCHMIDT
1971 confirmed this so-called "inverse steal-effect'. In an experiment on monkeys
SOLOWEY (1968, 1970) caused a definite brain damage by media lock. As long as
an hour before, a hyperventilation with arterial COp pressure on 25 mmHg was
begun and continued for another two hours after the lock. In the non-treated control
group the media-infarct was definitely higher than under hyperventilation, If hyper-
ventilation was not begun earlier than 1 hour after the media lock, no protective
effect was obtained.

BROCK and co-workers 1970 were able to show that these short-term experimental
observations are similar to the circumstances that occur during the operation of
brain tumors in general anaesthesia with hyperventilation.

Long-term observations

The effects of therapeutic long-term hyperventilation in the acute stage of brain
damage are less clear.

Above all,we may remind of the fact that, according to KARIMI-NEJAD, 1972, pa-
tients in an acute stage of brain damage caused by vascular lock, trauma, opera-
tion, etc., develop a spontaneous uneconomical hyperventilation under clinically
recognizable respiratory disturbances in 92 % of all the cases.

In the arterial blood we find a wide-spread reduction of PCO;, to an average of 30
mmHg (measurements taken from 161 patients, KARIMI-NEJAD 1970, KARIMI-NE-
JAD, FROWEIN 1971).

PLUM and SWANSON 1959, FROWEIN 1963, STEINBEREITHNER and co-workers
1967, showed - as we did - during the Meeting of our Society in Cambridge 1970
that this hyperventilation is one of the typical courses that respiratory disturbances
take after acute brain damage. This peculiar feature distinguishes it partly from
respiratory disturbances to be found in other patients in the stage of intense therapy
and from the internal neurovegetative hyperventilation syndrome as well as from the
hyperventilation connected with acute brain damage in the region of the rear crani-
al cavity and the central brain (SEEGER 1968). If, for this reason, an additional
therapeutic hyperventilation is to be carried out in the stage of acute brain damage
with spontaneous hypocapnia of 30 mmHg, a stronger reduction of the arterial car-
bonic acid pressure can only be expected if enforced measures are taken.

A selection of the latestpapers (Tab. 1) shows that we, in fact do have detailed ex-
perimental short-term studies, but that we do not have more than a very limited
number of detailed clinical results of long-term hyperventilation or any other ven-
tilation therapy.

In 40 patients having acute brain flow disturbances, CHRISTENSEN 1970 carried
out hyperventilation in general aneasthesia and curarization up to a PCO, of 25 mm
HG which was continued for the period of 3 days.

After 8 weeks the results obtained were as follows: 5 out of 20 patients were better,
9 were worse or dead. CHRISTENSEN obtained nearly the same result of a 50 %
lethalitywhen the 3-day-hyperventilation was not carried out with hypocapnia but
with normocapnia and 3% CO, added to the breathing air. CHRISTENSEN comes

to the conclusion that the result of this difficult hyperventilation treatment is not
very encouraging, even if perhapsthe hypocapnia-hyperventilation exerts a favour-
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able influence especially on secondary lesions, a fact which is difficult to judge be-
cause of the reduced number of investigations.

Similar criticism has to be shown when studying the results of hyperventilation
treatment in the presence of traumatic brain damages.

GORDON 1970 isknowntobe the first to present a report about 51 patients with a
hyperventilation of several days after severe brain traumata (group A). Hyperven-
tilation was carried out without any regard to existing or non-existing respiratory
disturbances. The lethality of only 10 % - and only 3 % in the years 1967 to 69 - can
only be explained by the composition of the patients treated. In any case, the leta-
lity of group A is much lower than the approx. 30 % letality in 200 patients (group
B), who had been trated in a diagnostically and therapeutically similar way in the
previous years but without hyperventilation. The number of patients who recovered
completely amounts to about 30 % in both groups. The number of more or less se-
rious defects that were cured is, however, considerably higher with hyperventi-
lation.

The emphasis GORDON puts on the difference between former treatment without
any ventilation (B) and the modern treatment (A) is perhaps to be found not so much
in the hyperventilation than in the mere fact of the existence of any ventilation at
all in group A. In 1970, GORDON himself considered a group of 51 patients to be
too small for a final judgement.

Following severe brain damages a great variety of factors becomes apparentwhich
define the course: among these are unconsciousness, age and especially the severe-
ness of respiratory disturbances, which are the most important ones. This becomes
clearly visible with our own number of 680 patients having long-term consciousness
disturbances: children and young patients on the average undergo a longer period

of unconsciousness than middle-aged or elder patients do: the letality is lower than
in the old age group (KARIMI-NEJAD 1972). These differences weigh especially
heavily in smaller statistics and thus complicate to a great extent any comparison
between different clinics.

If long-term ventilation is to be carried out in a larger number of patients - we ge-
nerally do this for an average of 9 days - it must be feasible in a technically simp-
le way. It must be investigated where the emphasis of the whole indication has to
be laid. Is it only to be found in the aim of an arterial hypocapnia with the inten-
tion of intracranial pressure reduction? Or is it possible to reach an intracranial
pressure reduction by applying other additional means and - at the same time -
achieve by ventilation a normalization 'of the arterial oxygen pressure rather than
a change in the carbon dioxide pressure, and as a consequence, improve the brain
metabolism and thus the brain oedema? Here we will have to take into considera-
tion the extraordinarily complicated pulmonary difficulties arising from a long-
term ventilation that determine the course.

In order not to favour a bronchial-obstruction and an alveolar collapse (LYNCH
1959), pulmonologists demand,for long-term ventilation, a constant inflation of

the lungs by intermittent positive ventilation applying - as has been demanded in
recent times - a positive endexpiratory pressure "PEEP'". In the acute stage of
brain damage, however, the circulatory €ffects of this kind of ventilation are unde-
sired, especially since they prevent venous drainage, as has been proved by many
authors, e.g. COURNAND et al. 1948, MALONEY et al. 1953, SCHORER 1965,
SILL and SIEMSSEN 1972.
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In the acute and subacute stage of brain damage a type of ventilation will have to
be applied that meets as many requirements as possible such as technical simpli-
city, normalization of arterial POZ' intracranial pressure, reduction, consider-
ation of pulmonary complications (WIEMERS and SCHOLLER 1973). The discon-
tinuous ventilation with relatively low negative endexpiratory pressure - NEEP -
has proved to be very satisfactory in this respect (KARIMI-NEJAD 1970, KARIMI-
NEJAD and FROWEIN 1973). With our patients we were able to make 110 measure-
ments of average improvements of the arterial oxygen pressure for the surviving
- from 79 to 156 mm Hg - as well as for the lethal course - from 54 to 108 mm Hg
(Tab,II). In all groups the average arterial carbon dioxide pressure was at about
30 mmHg. This arterial PCO;, step proved to be optimal for the intracranial pres-
sure reduction, also according to HAYES.and TINDALL 1969, PAUL et al. 1972,
KINDT and GOSCH 1972,

The therapeutic efficiency seems to be measurable on the CSF values,which pa-
rallel the situation in the brain tissue (FENCL et al. 1966, ZWETNOW 1970, MET-
ZEL and ZIMMERMANN 1971). In surviving patients an average increase in CSF-
oxygen-pressure from 78 to 98 mm Hg was reached together with a steady PCO

of 39 : 36 mmHg. The average CSF acidosis with a pH of 7. 30 before the ventila-
tion is of importance; in lethal cases this remained more or less unaffected; in
survivors there was an amelioration of the CSF pH to 7. 32.

We do not know whether there exist any special investigations about the effects
of long-term assisted ventilation on brain oedema.

The influence of intracranial pressure can be estimated best by measuring the ven-
tricle-CSF pressure, even though it is not alway parallel to the brain-surface-pres-
sure (SCHETTINI et al. 1972, SUNDBARG and NORSEN 1972, CORONEOS et al.
1972). May we - only for comparison - repeat the it is well known that the intra-
ventricular CSF pressure decreases rapidly by lumbar or ventricle tapping, but
that it reaches its starting point again within 5-60 minutes if the ventricle size is
normal (HEMMER 1960, LORENZ 1972). After hyperosmolar infusion of Sorbitol
40 % the CSF pressure decreases less quickly but rises to - or even sometimes
over - its starting point within 1 - 3 hours . Both measures cannot be repeated as
often as desired (BRENNER 1973). A more frequent and longer high-resting of

the patient’ s upper body and head can be carried out as long as his breathing and
circulation allow this.

The decrease in CSF pressure levels up again within 1 - 2 hours ( Fig. 2).

Different pressure is applied for long-term ventilation; with our patients this was
in most cases an endexpiratory pressure of about 20 cm HZO and a negative end-
exporatory pressure -NEEP- of 3 - 5 cm H,0.

Measurements in the lateral ventricle at the Foramen Monroi showed in 80 % of
the different phases of ventilation a reduction of CSF pressure ot 100 - 200 mm
HZO within 10 - 90 minutes ( Fig. 3).

Emphasis must, however, be put on the fact that in some cases of heamorrhage
- this pressure did not decrease, as has been shown in the studies by PAUL et al.
1972,

When patients showed positive reactions we interrupted the ventilation after 30-60
minutes. After that the CSF pressure increased again to its starting point within
the course of 143 hours.

But the ventilation may be repeated regularly each hour and can be continued for
several days - up to 3 - 4 weeks.
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In the case of a 56-year-old patient the discontinuous assisted ventilation with ne-
gative endexpiratory pressure was continued for 8 days ( Fig. 4).

The continued registration shows that during the whole course the reduction of
ventricle-fluid-pressure was achieved symptomatically during each ventilation pha-
se. The slow increase of the minimum value is due to the worsening of the basic
process which could not be influenced in this case.

Definite indications on the average effects of this ventilation can only be obtained
from extensive statistics for longer periods: if lethality is taken as a criterion,
we find that there was a decrease of lethality from 75 % to 35 % in 595 patients
who were treated with discontinuous long-term ventilation during the years 1966
- 1971 (KARIMI-NEJAD, FROWEIN 1973). This will certainly be due to several
factors, but one may be quite sure that it is the discontinuous long-term ventila-
tion that is one of the most important factors contributing to this amelioration
(KARIMI-NEJAD and MASCHKE 1973).

Table III.
Results of discontinuous long-term ventilation in 592 patients with acute brain da-
mage

Year 1966 1967 1968 1969 1970 1971
No. of patients 78 84 86 108 113 123
Lethality 75% 67% 66% 63% 54% 53%

Summary

Hyperventilation with strong arterial hypocapnia was originally applied in order
to achieve a reduction of intracranial pressure. It is one of the steady and approved
means of anesthesia in: neurological surgery.

The value of the ventilation therapy in its widest sense - in the presence of acute
brain damage - is fully accepted.

The therapeutic value of a continued controlled long-term hyperventilation during
the whole stage of brain edema seems, however, to be questionable.

In contrast to this, the discontinuous long-term ventilation with negative end ex-
piratiory pressure is technically much simpler and pulmonary less complicated
and can be repeated as often as desired. Its foremost aim is the amelioration of
the blood gases.

An irregular, but progressive reduction in intracranial pressure, which could be
repeated for days, was demonstrated. Because of this and other short-term ex-
perimental results a positive influence on the brain edema seems to be possible.
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Artificial Ventilation in Cerebral Edema -
A Critical Analysis of Manometric and Gazometric
Conditions

A. KUHNER, B. ROQUEFEUIL, E. ViGUIE, PH. FREREBEAU, M. BAZIN,
J. M. PRivAT, and C. GROs

Artificial ventilation is one of the dominant therapeutic factors in the treatment
of cerebral edema since it ensures the control of arterial PCO2 which, in its turn,
playsanimportant role in intracranial hypertension.

However, many studies have shown that artificial ventilation may impose a me-
chanical block on CSF drainage. The aim of this work is to critically analyse the
manometric and gazometric effects of artificial ventilation during cerebral edema.

Pathophysiological review

The role of COj as a causative factor of vasogenic edema has been known for a
long time (4, 6). All hypercapnias cause an immediate rise of intracranial pressure
by direct, in situ, cerebral vasoparalysis and by an increase in cardiac output and
systemic blood pressure. The main merit of a permanently controlled ventilation
is precisely to prevent all hypercapnic crises.

Independently of its effects on PaCO2, artificial ventilation may act on intrapul-
monary and systemic hemodynamics (2, 3,7). Many important studies have defined
the techniques for artificial ventilation in cerebral edema; they have attributed
much importance to the regulation of ventilation.

In physiological states and ih apnea the graph of CSF is modulated by arterial systo-
lic and diastolic waves (physiologic pulsogram).

In spontaneous respiration,there is a low amplitude modulation of PCSF synchroni-
sed with the respiratory phase. The CSF is lower during inspiration (venous re-
turn is favored by the negative pressure) and it increases slightly during expira-
tion due to the increase in intrathoracic pressure which reduces venous return.

In artificial ventilation we find an inversion of this phenomenon. A slight increase
in intrathoracic pressure during insufflation gives a higher PCSF than is measured
during exsufflation. Thus, in a patient under controlled ventilation even with inter-
mittent positive pressure, there is the risk of ICP variations related to the in-
sufflation peak, the length of insufflation time and an eventual negative expiratory
pressure,

Experimental studies have shown that in the case of cerebral edema the most fa-
vorable adjustment of the regulation is that which, for a satisfactory alveolar ven-
tilation, requires the lowest insufflation pressures, the shortest ratio, and a
moderate negative pressure to bring the mean intrathoracic pressure close to
zero,

It seems that the problem with artificial ventilation in cerebral edema resides in
the conciliation of two opposed imperatives : to control hypercapnia by a satisfac-
tory alveolar ventilation, knowing that this causes or may cause unfavorable mecha-
nical conditions.
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The aim of this work is to elucidate, as much as possible, the true importance of
these gazometric and manometric conditions.

Study conditions

a) The choice of patients

The recordings were made on ten patients in the acute phase of head trauma. Each
one presented a ''brain stem'' type of symptomatology with cerebral edema manife-
sted by increased intracranial pressure

b) Methods and material

The study of the effects of artificial ventilation on ICP required, in addition to mea-
sures of CSFP, the measurement of tracheal pressure, and arterial and venous
pressures as well as the determination of blood gases.

Ventricualr CSF pressure was recorded with an intraventricular probe.

Intratracheal pressure was measured by means of a needle probe in the intu-
bation catheter or in the tracheotomy opening connected to a pressure cell by a
catheter.

Central venous pressure was measured in the superior vena cava by a catheter in-
troduced by either the subclavian or humeral route. The CVP measurement requi-
red a perfect catheter patency with distinct respirator oscillations.

Arterial pressure: We used a''Grandjean type''arterial microcatheter which has the
following advantages:

minimal trauma to the artery

good tolerance of the artery even over several days

easy maintenance due to permanent rinsing

no risk of hemorrhage even in the event of an accidental disconnection

A bidirectional stopcock at the extravascular catheter rip permitted the easy with-
drawal of the arterial blood for the measurement of blood gases.

The catheter and the probe are connected to ''Statham type'' pressure transducers,
Each transducer has a biconic head closed by two, three-way stopcocks. One cone
was connected to the pressure-measuring catheter; the other, a lateral cone, was
for tissue and zeroing before each measurement.

To establish a reference (zero) point, the four transducers were fixed at the level
of the right atrium with the patient on his back.

The pressures transmitted by the transducers were recorded on a four-track
"Roche-Dassault" monitor;each pressure was recorded on its appropriate base-
level in mmHg.

25 or 50 for tracheal pressure
200 for arterial pressure

12, 5 or 25 for CVP

12,5 or 25 or 50 for CSF pressure

For this study of the influence of artificial ventilation on ICP we used the most
perfected volumetric respirators (SF4 Robert et Carriere-Engstrom 3000).

The parameters successively envisioned were:

the influence of PaCOZ
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the influence of insufflation pressure during constant alveolar ventilation
a study of the ratio insufflation
exsufflation

the effects of negative pressure and positive expiratory pressure (REEP).

Results and discussion

A. Gasometric ventilatory factors with an effect on ICP

Artificial ventilation has a primordial role in controlling vasogenic edema by lo-
wering PaCO, ( Fig. 1). By itself, in cerebral edema, it lowers the initial PCSF
by 62 %. This easily equals the results obtained with the most efficient osmotic
treatments.

An analysis of the tracing of intracranial hypertension which we have (10 cases)
shows that a lowering of the PaCO by 1 mmHg induces a lowering of the initial
ICP by 5 %.

We had the opportunity to verify on the wards, in a reproducible manner, the
immediate effect of hypercapnia on ICP. The ICP rises as soon as the patient un-
hooks himself from the respirator or if the respirator is not well regulated (Fig. 2).

B. Mechanical ventilatory factors with an effect on ICP

We re-undertook the study of the different mechanical adjustments of a volumetric
respirator and their effects on ICP,

1. A study of the insufflation pressure (Fig. 3)

During constant alveolar ventilation isolated variations of the pressure factor
affect the level of CSF pressure. This effect is, however, moderate. A lowering
of the insufflation pressure by 10 mm Hg only lowers the PCSF by 3 mmHg. By
taking an average of the tracings we calculated that a lowering of insufflation
pressure by 1 mmHg only lowers the initial CSFP by 1 to 2 %.

The variations in CVP are negligeable. The mean blood pressure remains the same
in constant alveolar ventilation.

2. The effect of negative pressure (Fig. 4)

The use of a negative expiratory pressure increases venous return and decrea-

ses the PaCOp. Fig. 4 shows the effect of adding progressive negative pressures
with a decrease in arterial pressure by a lowering of left cardiac output caused by
hypercapnia. The CSFP shows a greater fall due to the summation of the two pre-
ceding factors., Thus, by the summation of its hemodynamic and gazometric effects,
the use of a negative expiratory pressure is an effective means of controlling cere-
bral edema. However, the effectiveness of a negative pressure is limited and there
is nothing to be gained by lowering the PaCO, below 20 mmHg. Quite to the con-
trary, in certain patients an excessively negative expiratory pressure may cause
bronchiolar collapse and, thus, an increase in intraalveolar pressure and hyper-
capnia ( Fig. 5).

The importance of a negative pressure in artificial ventilation in cerebral edema
is certain, but, in the lowering of CSFP obtained, we must take into account the
mechanical factor and the inevitable hypocapnia. In taking an average of the re-
corded tracings, a negative pressure of 1 mmHg lowered theCSFP by 7 %, but
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after taking into account the gazometric factor the actual lowering caused by the
negative pressure was 1.5 % to 3 %.

3. Study of the exsufflation ratio

The study of this parameter is difficulttorealiseif we - want to maintain a con-
stant alveolar ventilation and a constant insufflation pressure.

The CSFP is a direct function of the duration of insufflation. The variations in CVP
are synchronous to those of CSFP. In figure 6, the obstacle to venous return and,
consequently, to CSF drainage due to the increase in duration of insufflation is
undeniable and confirms the classical findings of intra-pulmonary hemodynamics but
is of relatively limited importance.

We noted in all our tracings a mean increase in CSFP of 8 - 10 % above its initial
value when the I ratio was increased from 1/3 to 1/1.

The danger of a blind manipulation of the I ratio is clearly shown in figure 7. When
the insufflation time becomes equal to the exsufflation time the hemodynamic si-
tuation can deteriorate and cardiac tamponade occur with venous hypertension due
to an increase in intrathoracic pressure, low left cardiac output and a collapse of
systemic arterial pressure. The CSFP then collapses due to a decrease in cerebral
perfusion pressure and a slight hypocapnia in spite of maximal mean tracheal press-
ure and CVP. The dissociation between the retrograde mechanical effects, theore-
tical factors of CSF hypertension, and the gazometric effect is striking.

4. The influence of positive end expiratory pressure (PEEP)

The risks and limitations of negative pressures have been stressed by many authors
(7,8,). The alveolar mixture (the quality of the ratio ventilation to perfusion) is
one of the primary concerns of artificial ventilation specialists.

The bronchi and bronchioles kept in slight positive pressure during expiration main-
tain a sufficient diameter and a good gaseous exchange with an increase in PaCO3.

PEEP is used in situations where bronchiolar collapse istobeavoided: such situa-
tions are met with in neurosurgery. The possibility of using a PEEP is found in cer-
tain respirators. We used it once with the follwing results (Fig. 8):

an increase in the mean intra-alveolar pressure

an increase in mean CSF pressure

a slight increase in mean CVP,

However, in this case, the PaCO, also increased and thus there was also an in-
crease in mean arterial pressure; the increase in CSFP is due to the conjugated
variations in the mean tracheal pressure and the ratio of cerebral perfusion. Be-
cause of this effect on CSFP the use of PEEP is indicated only in exceptional and
well studied circumstances.

Thus, in all of our tracings the predominant role of CO; over the mechanical con-
ditions is certain as soon as there is a variation in alveolar ventilation. We have
seen that hypercapnia CSF hypertension is produced immediately in a patient who
is disconnected from the respirator or whose respiration is not well regulated; the
mechanical conditions become more favourable:

increase in venous return during hypercapnia (high cardiac output)

decrease in the mean intrathoracic pressures.

Inversely, the reventilation of the patient instantly corrects CSF hypertension and
this correction appears even though the mechanical factors are less favorable.
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The most typical and most indiscutable example of the predominance of the gazo-
metric factors over the mechanical factors is found in the tracing of cardia tam-
ponade (fig. 7).

Conclusion

It seems that the technology of artificial ventilation, the circulatory effects of which
are well known (1) should take into consideration, concerning its effects on cerebral
edema, mechanical factors whose influence is moderate, but undeniable and the CO2
factor which has a great and direct effect on the levels of intracranial pressure.

The ideal artificial ventilation in dealing with cerebral edema consists in working
with a mean intratracheal pressure as near as possible to zero. This is accompli~-
shed by a rapid insufflation under low positive pressure followed by a prolonged
exsufflation under a slight negative pressure. These should be sufficient to assure
a good alveolar ventilation with hypocapnia.

Thus, because it allows the patient to rest, restore normoxic conditions and sta-
bilize the level of CO,, artificial respiration has a role equal to that of hypertonic
solutions in the treatment of cerebral edema,

Summary

We studied the influence of artificial ventilation on intracranial pressure in an
attempt to establish the best ventilatory conditions for cerebral edema.

Artificial ventilation acts on intracranial pressure both by variations in gazometric
and manometric conditions. The role of PaCO; on the perfusion pressure and on
cerebral vasodilatation is well known. The decrease inintracerebralpressure during
artificial hyperventilation is immediate and very important: a mean lowering of

61 % of the initial value.

Artificial ventilation also influences intracranial pressure by its effect on intra-
thoracic hemodynamics. Ideal conditions for artificial ventilation in cerebral edema
have been defined as follows:
mean pressure as close to zero with low insufflation pressure and moderately
negative exsufflation pressure;
the ratio I/E (insufflation time/exsufflation time) should be equal to or less
than 1/2,
We have found that the role of these manometric factors has been greatly
exaggerated.

Under constant alveolar ventilation we have found:

a lowering of the maximal insufflation pressure by 10 mm Hg only diminishes
the mean CSF pressure by 3 mmHg;

a negative exsufflation pressure of -1 mmHg only lowers the mean CSF pressu-
re by 3 %. At lower pressure we get bronchiolar collapse with air trapping;

a variation of the I/E ratio from 1/1 to 1/3 (with a constant insufflation pressu-
re) only lowers the mean CSF pressure by 1.5 mmHg, or increasing I/E ratio
from 1/3 to 1/1 increases CSFP by 10 %;

an opportune observation of cardiac tamponade with extremely high venous
pressure confirms the negligeable role of manometric conditions,

Nevertheless a prolonged respiratory alkalosis induced by long-term hyperven-
tilation could cause non-desirable metabolic side-effects.



1.

133

REFERENCES

DU CAILAR, J., Ch. TRIADOU, B.ROQUEFEUIL and P. MALZAC: Effects
de la ventilation artificielle sur la circulation: Agressologie 10-55 (1969)

. COURNAND, A.: Physiological studies of the effect of intermittent positive

pressure on cardiac output in man: Amer. J. Physiol. 152-162 (1948)

. GILBERT, RGB., GF.BRINDLE and A. GALINDO: Anesthesia for neurosur-

gery: IAC n%: Little Brown and Company Boston (1966)

KETY,S.S. and CF.SCHMIDT: The effects of passive and active hyperventi-
lation on cerebral blood flow, cerebral oxygen consumption cardiac output and
blood pressure of normal young men: J. Clin. Invest., 25-107 (1946)

. LAZORTHES, G. and L. CAMPAN: L’ oedéme cerébral: 1 vol. MASSON Paris

(1963)

. LUNDBERG, N.: Reduction of increased intracranial pressure by hyperventi-

lation. A therapeutic aid in neurosurgery: Acta Psych. Scand. Suppl. 34, 139,
(1965)

SABATHIE, M.: Le probléme de 1’ aide expiratoire: Agressologie 12 B, 153-
160 (1961)

. TORRI,G.: Notions de transfert des gaz et de perfusion alvéolaire: Agresso-

logie 12 B, 83, (1971)

Fig. 1. Effect of hyperventilation



Vol/min

pH

P
002
P
02

Fig. 2.

134

141 6 liters 14 liters
7.45 7.38 7.45

33 43 33

63 48 60

Effect of accidental hypercapnia (respirator dysregulated)




135
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pH 7.50 7.53 7.53
P002 27 26 26
Pos 84 X 96
F 10 20 30
I/E 13 1/2 1/2
Fig. 3. Effect of progressive lowering of the insufflation pressure with constant

alveolar ventilation
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Fig. 5. Bronchiolar collapse and increase of CSFP by excessive negative pressure
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Fig. 7. Cardiac tamponade at an I/E-ratio of 1/1: 'paradoxal" lowering of CSFP
by hypocapnia and hypotension
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The Influence of Ventilatory Changes on CSF Lactate and
CSF L/P-Ratio in Brain Injury

R. ScHUBERT, T. WALLENFANG, H. J. REULEN, and K. SCHURMANN

Diagnostic and prognostic evaluation of patients with severe head injury by means
of measurable values in an urgent and not yet satisfactorily fulfilled clinical need.
In recent years changes in CSF lactate and pyruvate concentrations in patients with
head injury have been pointed out by various authors with the suggestion to apply
them to clinical diagnosis and prognosis. Lactacidosis and increased lactate/pyru-
vate ratio in CSF have been demonstrated in the pressure of serious damage of
brain tissue, e.g. in patients with severe head injuries. CROCKARD and TAILOR
(1) observed a correlation between the amount of CSF lactacidosis and prognosis,
indicating that patients whose CSF-pH decreased below a certain level did not re-
cover,

This study may elucidate if the CSF lactate concentration, respectively the lactate/
pyruvate ratio, is a constant parameter for a certain pathological situation or if it
may be additionally influenced by respiratory changes such as hyperventilation.

Method

In 40 cats a cold injury was inflicted to the right frontal cortex. 24 h later, at the
culmination of the edema, the animals were kept under controlled ventilation. Groups
of 10 cats were either normoventilated, hypoventilated or moderately or severely
hyperventilated. Acid base status and mean arterial blood pressure were continous-
ly controlled. After a control period under normocapnia conditions pCO2, pOp,lac-
tate and pyruvate in blood and CSF were determined. Following this the animals
were ventilated appropriately for 2 hours. At the end of the examination the afore-
mentioned samples were withdrawn and brain was momentaneously frozen with li-
quid nitrogen. Then lactate and pyruvate were measured in CSF and arterial blood
as well as in the following brain areas such as 1. lesion; 2. adjacent region, 3. re-
mote area; 4. in the uninjured contralateral hemisphere.

Results

Fig. 1 demonstrates the influence of ventilatory changes of the arterial pCO, on
pCO2 and CSF pH. Under normoxic normocapnic conditions the arterial pCO3 is
28.9 mmHg, the pCO, of CSF is 31.6 mmHg and CSF pH is 7.441. Under hypocap-
nia the pCO2 rises and the pH decreases, however, in case of moderate as well as
pronounced hypocapnia a decrease of pCO2 and an increase pH occurs.

Changes in lactate and pyruvate as well as in lactate/pyruvate ratio of CSF are re-
presented in fig. 2. Under normoxic normocapnia ventilation a lactate concentration
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of 1.43 m Mol/1H0, a pyruvate of 0.14 m Mol/1 H2O and a lactate/pyruvate ra-
tio of 11. 2 was obtained. It is seen that the lactate concentration rises progredient-
ly under moderate and pronounced hypocapnia. A rise of the arterial and CSF pCO2
to approximately 70 mmHg causes a slight decrease of the pyruvate concentration
whereas lactate remains unchanged. Because of these unproportional changes of
both metabolites the lactate/pyruvate ratio increases significantly during hypocap-
nia, whereas during hypercapnia a moderate increase is observed.

In fig. 3 the lactate concentrations of the different brain areas are represented.
The lowermost curve is to show the CSF lactate for purpose of comparison. The
figure provides the relevant information that under normal, therefore normoxic,
normocapnic conditions the highest lactate value occurs in the lesion area proper
and in the directly adjacent tissue of the damaged hemisphere. Remote to the lesion,
the lactate concentration is slightly increased in comparison to the contralateral un-
damaged hemisphere. In case of moderate and pronounced hypocapnia the lactate
increases in all brain areas as well as in CSF., In reverse, CSF lactate remains
unchanged under hypocapnia compared to normal conditions, whereas tissue lactate
decreasesinall regions. These results allow the conclusion that most likely the
cause of the CSF lactacidosis is the local edema, which lead to a local decrease in
blood supply and a local hypoxia. This edematous focus sustains the lactacidosis
constantly.

These experimental results in animals were confirmed on various patients with
severe head injuries whose intracranial pressure was continously controlled follow-
ing operation by means of LUNDBERG ’ s method as shown in the last figure. A
moderate hypocapnic, a pronounced hypocapnic as well as a normoxic normocapnic
and finally ,a hypercapnic ventilation was performed under controlled conditions.
Specimens of CSF were measured at intervals of 1 to 3 hours. Here also a clear
tendency towards an increase under hypocapnia as well as a decrease under hyper-
capnia of the CSF lactate concentration becomes apparent. The lactate/pyruvate-
ratio is lowest in moderate hypocapnia and rises in case of any other ventilatory
change such as pronounced hypocapnia, normoxic normocapnia or hypercapnia.

Summary

The CSF lactate level is influenced not only by the extent of the head injury but
also by the type of ventilation, i.e. the arterial pCO2. In cases of low CO2-va-
lues and increased pH a higher lactate is observed and, in reverse, a CSF lactate
decrease is seen in the pressure of raised CO, values and decreased CSF pH. A
diagnostic and prognostic statement by means of CSF metabolite concentrations
should only be made if the type of ventilation is considered simultaneously, which
means that a raised or decreased lac¢tate concentration cannot be prognostically
evaluated unless the arterial pCO2 remains unchanged.
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Fig. 1. CSF pH and CSF pCO2 at an arterial pCO2 of 11.5 mmHg, 16 mmHg,
29 mmHg, 76.6 mmHg

Fig. 2 and 3: see page 144/145
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Fig. 4. CSF lactate concentration and CSF L/P-ratio of a patient, determined
continuously under: different:ventilation types
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Treatment of Cerebral Acidosis in Posttraumatic and

Postoperative Cerebral Edema
Influence on CBF, EEG, and Clinical Status

E. METZEL, H. SCHRADER, H. D. SEITz, M. HIRSCHAUER, H. ZIMMERMANN,
W. E. ZIMMERMANN, and F. MUNDINGER

Severe cerebral acidosis, which is often accompanied by normal or only slight
alterations in arterial blood-gas or acid-base levels, is shown by animal experi-
ments to have three main causes:

1. respiratory, through hypoxia

2. cerebral, owing to a decrease in the cerebral blood flow (anoxidative metabo -
lism)

3. direct lesion of brain tissue

Anyone of these three can by itself cause cerebral acidosis, which is always

followed by a more or less pronounced cerebral edema. In the case of craniocere-

bral injuries acidosis is often caused by all three noxae.

For reasons of expediency we have divided our patients into three clinical stages.
Fifty patients were examined altogether, and 10 patients in whom a suboccipital
puncture had been performed for other reasons, were used for comparison.

Clinical stages of craniocerebral injuries

Stage I No neurological symptoms
brief unconsciousness
no or only slight negetative symptoms
normal EEG

Stage II unconsciousness within 48 hours
slight neurological symptoms
moderate vegetative symptoms
pathological EEG

Stage III Coma
severe neurological and vegetative symptoms
severe pathological EEG

Fig. 1 shows the correlations between arterial and cerebrospinal fluid CSF values,
the shaded areas indicating the respective normal range. With regard to pO, it is
noteworthy that the seriously injured in particular show a reduction in oxygen ten-
sion. pH drops mainly in the CSF, wereas the arterial pH level may well stay with-
in normal limits or even be raised. In severe cases the lactate is usually increased,
more so in the CSF than in the arterial blood. In our experience the determination
of the CSF lactate permits a prognosis to be made. The patients with a CSF lactate
over 40 mg% either did not survive or developed extremely severe sequellae in

the form of an apallic or dyspallic syndrome.

In some cases pCO; is decreased paralleling a syndrome of hyperventilation, or
raised in the case of already impaired diffusion of ventilation.

+)Supported by Deutsche Forschungsgemeinschaft SFB 70‘(IIIe)
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Since, in our experience, it is not yet possible to ascertain the chief cause of aci-
dosis in severe craniocerebral trauma on the basis of these parameters, therapy
should aim at interrupting the vicious circle:

peripheral ventilation disturbances and/or cerebral edema cerebral
hypoxia cerebral acidosis

from two sides.

1. The conventional methods of preserving and supporting the circulatory and re-
spiratory functions usually permit normalization of gas tension levels in the CSF,
but have hardly any effect on cerebral acidosis. There still remains a striking dis-
crepancy between blood pH and CSF pH and also in the lactate levels.

2. While these parameters can be satisfactorily normalized in the arterial blood
as a result of treatment, cerebral acidosis persists as an expression of the distur-
bed cerebral metabolism or of major lesions of cerebral tissue.

In case of severe persistent CSF acidosis we therefore attempted, after prelimi-
nary experiments with animals, to influence the CSF acidosis directly by giving
sodium bicarbonate intrathecally. 35 patients have so far been treated in this way,
in 10 of whom we measured rCBF by the clearance method. 6 patients have parti-
ally or completely recovered, one of whom is at present still under treatment. On-
ly 4 of these patients are apallic.

All these cases were desolate patients, in which the severe clinical symptoms and
the persistent metabolic CSF acidosis led us to expect an unfavourable outcome.

After being given sodium bicarbonate intrathecally these patients were controlled

1. clinically

2. by the Xel33-rCBF clearance method according to LASSEN and INGVAR,
120 regions of one hemisphere being studied with a multicrystal camera

3. by EEG and EISA controls

In accordance with the findings of BALDY-MOULINIER and FREREBEAU et al. we
observed a marked reduction of 45 % on average in the supply of blood to the brain
in the acute stage of craniocerebral trauma. This was clearly related to the seve-
rity of the coma and to the CSF lactacidosis.

Following conversion of the flow-weighted intercepts of the biexponential X133-

clearance curves, it was seen that a reduction of the relative weight of the grey
matter to half the norm was essentially responsible for the decrease in the mean
total blood flow; evidently parts of the cortex assume the circulatory properties
of the white matter. :

Following intrathecal administration of sodium bicarbonate a marked blood flow in-
crease to nearly every part of the brain can be seen. A decrease in cerebral blood
flow was found in only 1 of 10 patients; in all other cases there was a more or less
marked increase (Fig. 4). In the case of the one patient showing a decrease, how-
ever, the total blood flow had risen above the initial value 24 hours later.

The increase in blood circulation was demonstrated equally in both the grey and
white matter. A tendency for the displaced relative weights to be normalized to-
wards the fast compartment however was not observed.

Following the administration of bicarbonate the EISA showed a desynchronization
lasting up to 2 hours with a decrease in the proportion of slow frequencies. Both
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are registered by the changes in the frequency spectrum and by the narrowing of
the EEG tape.

EEG controls show that this effect disappears again after 2-3 hours and the slow
frequencies then once more predominate.

This phenomenon has yet to be interpreted, just as the observed increase in blood
circulation cannot be explained. The latter is difficult to reconcile with the common
hypothesis that cerebral perfusion is solely dependent on pH. Animal experiments
have shown that while intrathecal doses of sodium bicarbonate can increase blood
circulation, giving THAM has but little effect and physiological saline solution none
at all. To what extent CSF-regulating centres in the brainstem - as postulated by
SHALIT et al. - may playaparthere through neurogenic activation of the cerebral
cortex need further elucidation.

Summary

1. In case of severe craniocerebral trauma a disturbance of the cerebral metabo-
lism usually takes place in the form of lactate acidosis, caused on the one hand by
the direct destruction of tissue with secondary hypoxia, and/or a ventilation distur-
bance as a result of unconsciousness, which again can lead to cerebral hypoxia.
Cerebral hypoxia is,in its turn, closely related to cerebral edema.

2. Metabolic cerebral acidosis is closely correlated to the clinical state, cere-
bral blood flow and changes in EEG.

3. CSF and brain lactacidosis cannot be corrected by treatment in the periphery
i.e. there may be alkalosis in the peripheral blood but marked acidosis in the CSF.

4. Intrathecal administration of sodium bicarbonate is a possible direct method
of normalizing cerebral or CSF acid-base balance.

5. Intrathecal administration of sodium bicarbonate increases CBF significantly.

6. The patients examined to date indicate that the prognosis of unfavourable or
even without any chance cases can be improved by means of this treatment.
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Fig. 1, Correlations between CSF (ordinates) and arterial (abscissa) parameters
in craniocerebral trauma of varying severity (2-3 days after injury)
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Effect of Hyperbaric Oxygen on Intracranial Pressure
in Brain Edema

D. MILLER

Introduction

Although hyperbaric oxygen (OHP) was considered early on in the treatment of
generalised and focal cerebral ischemia it was only in 1966 that OHP was suggested
as a therapeutic agent in the management of patients with increased intracranial
pressure (ICP) and cerebral edema (1, 2, 18). The first claims for the efficacy of
OHP in the treatment of brain edema and raised ICP were based on a reduction of
mortality in experimental animals (rats and dogs) in which edema-causing brain
lesions had been made. Clinical studies (4, 10, 19) reported temporary improvement
in patients with various types of brain lesion, including trauma, associated with
raised ICP.

In considering possible effects of OHP on the brain in states of raised ICP associa-
ted with brain edema, 3 possible mechanisms, operating simultaneously, may
determine the final result. The first effect is of increased oxygen tension and con-
tent of the blood in reversing tissue hypoxia (for this to occur, tissue blood flow is
necessary). The second possible effect of OHP is on the cerebral blood vessels
themselves, rather than the parenchyma. OHP is known to have a mild vasoconstric-
ting effect in several regions studied (9); although the mechanism of action of OHP
on cerebral blood flow (CBF') has been disputed, vasoconstriction occurs (7, 8).

The reduction of cerebral blood volume lowers ICP. Finally, high concentrations of
oxygen in the tissues may have a toxic effect on metabolism at the cellular level,
suggested by in vitro studies (5).

Five series of experiments have been undertaken by the author and his colleagues
to investigate the second of these possible mechanisms, namely the physiological
effects of OHP in experimental animals in which ICP had been artificially increased.
Measurements were made of arterial blood pressure ( BP), ICP, arterial and cere-
bral venous blood gases and CBF. All of the investigations were carried out in
anesthetised, artificially ventilated mongrel dogs and took place in a large pressure
chamber in the Hyperbaric Unit of the Western Infirmary, Glasgow, in which the
investigators could remain with the experimental animal throughout the study. The
dogs breathed a mixture of oxygen and nitrogen equivalent to a 20% oxygen mixture
at normal atmospheric pressure (air equivalent), which could be changed to 100%
oxygen under normo or hyperbaric conditions while maintaining normocapnia. In
addition, at intervals throughout each experiment, 5% CO, was added to the inspi-
red gas mixture to test reactivity of the cerebral vessels to carbon dioxide by ob-
serving the response of ICP, cerebral venous blood gases and, on occasions, CBF.
The results of these investigations (11-14) may conveniently be summarised here.
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Results

First series: ICP was increased by the inflation of an extradural balloon in 10 dogs.
Administration of 100% oxygen at 2 atmospheres absolute (ATA) for periods of 15
minutes increased arterial PO, from 100 to over 1000 mmHg., raising arterial oxy-
gen content by 3 ml/100 ml blood, and significantly reduced the high ICP by 37%.
This reduction of ICP was accomplished without any significant alteration in BP or
arterial PCO,, but it did appear to depend upon retention of responsiveness of the
cerebral blood vessels to changes in PCO,. At a late stage in the experiments, when
ICP was more than 70 mmHg. and inspired CO, failed to produce any further in-
crease of ICP, then OHP failed to reduce ICP. At an earlier stage in the experiment,
when inspired CO, did cause an increase in ICP, OHP invariably reduced ICP.

Second series (Table I): In this group of 7 dogs ICP was increased by application of
a container filled with liquid nitrogen to the dura mater (1). OHP at 2 ATA was
administered for 15 or 30 minute periods in the 6 hours following the production of
the cryogenic brain lesion. The tenfold increase in the arterial PO, was associated
with a 35% reduction in ICP, without any significant change in arterial PCO, of BP,
but again this decrease in ICP occurred only in dogs who were able to respond to
inhaled CO, by an increase in ICP. When OHP was successful in reducing ICP
there was a significant increase in cerebral arterio-venous oxygen content differen-
ce, which, assuming a constant cerebral metabolic rate, was equivalent to a 19,5%
decrease in total CBF.

Table I. Effect of OHP at 2 ATA for 30 minute periods. Results of 25 runs in
7 dogs with cerebral cold injury

Air = P value OHP
ICP mmHg (M + SE) 43,1 27.6
i 2.9 <0.001 i 2.2
MAP mmHg 114,2 N.S 114.1
+ 2.2 c + 2.6
Arterial PCO 40,6 39.8
2 + 0.6 N. 8. + 0.5
Arterial PO 110.0 1208.0
2 L 2.7 <0.001 + 20.0
Cerebral arterio-
venous oxygen con- 3.89 0. 00 4.83
tent difference + 0.59 <0.005 + 0.62
ml1/100 ml
Cerebral arterio- 9.42 12,04
<0.001
venous PCO + 0.99 + 1.02

difference
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Third series (Table II): In a further 7 dogs cryogenic brain lesions were produced
as scribed, but in addition, regional cerebral cortical blood flow was measured
by ~Krypton clearance in the hemisphere opposite to the cryogenic lesion during
breathing of air equivalent and OHP and 2 ATA. In these experiments OHP was
administered for 1 hour periods and was found to reduce ICP by 33% in the 5 CO,-
responsive dogs; this decrease in ICP was associated with a 19% decrease in corti-
cal blood flow. When OHP was successful in reducing ICP, however, there was a
significant increase in cerebral perfusion pressure (CPP = BP - ICP), since BP
did not significantly change. It was thereby calculated that the fall in ICP and CBF
due to OHP at 2 ATA was caused by a 42% increase in cerebrovascular resistance.
Since this occurred without any change in arterial PCO, this was evidence of a
direct vasoconstrictor action of OHP on responsive cerebral blood vessels during
raised ICP and brain edema.

Table II. Effects of OHP at 2 ATA for 1 hour periods. Results of 13 runs in
5 dogs with cerebral cold injury

Air = P value OHP
ICP mmHg (M + SE) 43.0 30.0
+ 4.0 <o. ool + 4.0
MAP mmHg 119.0 N.S 116.0
+ 3.0 ‘ + 2.0
CPP mmHg 76.0 86.0
+ 4.0 <0.001 + 5.0
Arterial PCO_mmHg 40.5 40.4
2 N.S.
+ 1.1 + 0.8
Arterial PO 105.0 1196.0
2 + 4.0 <0.001 +29.0
rCBF ml/G/min 0.9 0.76
+ 0.13 <0.001 + 0.11
rCVR mmHg/ml/ 0.91 1.29
. <0.02
100G/min + 0.09 + 23

Fourth series: Having shown that OHP reduced increased ICP by cerebral vaso-
constriction, the purpose of this series was to compare OHP with another method
of obtaining cerebral vasoconstriction, namely hypocapnia. Three groups of dogs
were compared, 5 normocapnic, normoxic controls, 6 normocapnic dogs which re-
ceived OHP for 4 hours commencing 1 hour after a cryogenic brain lesion, and 6
normoxic dogs which were hyperventilated to a mean arterial PCO, of 20 mmHg
for 4 hours commencing 1 hour after the production of the brain lesion.
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ICP rose slowly in controls over 6 hours, but was reduced by 26% in the OHP group
and 34% in the hyperventilated group. CBF, calculated from arterio-venous oxygen
content differences, was reduced by 13% in the OHP group and by 39% in the hyper-
ventilated dogs. CSF lactate increased to 3 times the starting value in the control
animals, by the same amount in the OHP group, but in the hyperventilated dogs CSF
lactate rose twice as much as noted in other experiments involving hypocapnia(16,
17).

It was concluded that OHP at 2 ATA was a weaker cerebral constrictor than severe
hypocapnia; the effects of OHP could be increased by accompanying hypocapnia and,
more important, completely reversed by even mild hypercapnia. Hyperventilation,
though more effective in reducing ICP, caused a greater reduction of CBF.

Fifth series (Table III): To test whether further increase in arterial PO would
intensify the vasoconstricting effects of oxygen, comparison was made in 5 dogs
with cryogenic brain lesions of the effects of OHP at 2 ATA and at 3 ATA. When
administering 100% oxygen, an increase in the ambient pressure from 2 ATA to

3 ATA increases arterial PO, from 1000 to approximately 2000 mmHg. This increa-
ses the dissolved oxygen content of the blood from 3 to 6 ml 02/100 ml blood.

(This is equivalent to the normal cerebral arterio-venous oxygen content difference).

OHP at 2 ATA caused, as before, a 30% decrease in ICP with a significant increase
in cerebral arterio-venous PCO; and pH differences, consistent with a reduction in
CBF. OHP at 3 ATA, on the other hand, caused only a transient decrease in ICP,
which returned to control levels within 15 minutes despite the continued administra-
tion of OHP. There was no change in cerebral arterio-venous blood gas differences,
suggesting that cerebral vasoconstriction was not occurring with OHP at 3 ATA.
This final study showed that further increasing the arterial PO,, far from intensi-
fying the vasoconstricting action of OHP, actually abolished it.

Conclusions

OHP at 2 ATA produces a significant reduction in ICP which has been artificially
increased in experimental animals both by inflation of intracranial balloons and by
cerebral cold injury. This reduction of ICP is caused by cerebral vasoconstriction
which is produced directly in the absence of changes of arterial PCO; or blood
pressure. The reduction of CBF causes a fall in cerebral volume. The relation
between this fall in volume and the resultant fall in ICP is determined by the intra-
cranial volume/pressure curve (15). In addition, the effect of OHP on ICP depends
on the presence and degree of vascular reactivity in the brain (as demonstrated by
the effect of carbon dioxide on ICP). Finally, when the vessels are reactive, small
increases in arterial PCO2 can override the vasoconstrictor effect of OHP.

OHP at 3 ATA does not reduce CBF in normal dogs (9) and did not reduce ICP in
the present study; it is possible that toxic effects of very high PO, levels cause

anerobic glycolysis in the brain (5, 6), and by producing tissue acidosis reverse

the cerebral vasoconstriction.

These experimental findings can be applied to recommendations for the use of OHP
therapy in patients. For OHP to be effective in reducing ICP, cerebrovascular re-
activity must be present and this points to the need for functional testing during
continuous ICP monitoring of the effects of hypocapnia on ICP and of the intracranial
volume/pressure status (15). Secondly, during administration of OHP, arterial
PCO; must not be allowed to increase, as this will reverse the effects of OHP.
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Lastly, the experimental findings suggest that a combination of moderate hypocapnia

and OHP may be better than either agent alone.
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Effect of Hyperbaric Oxygenation (HO) in Severe Injuries
and in Marked Blood Flow Disturbances of the
Human Brain

K.-H. HoLBACH

The real indication for the hyperbaric oxygenation therapy (HOT) in our specialty
is the deficiency of oxygen in the brain tissue, since brain hypoxia is an essential
factor of the following circulus vitiosus: primary brain lesion - hypoxia - hypoxic
sequela ( especially brain edema) - increased secondary hypoxia - secondary
hypoxic brain lesions.

In order to minimize or prevent brain damage due to hypoxia more than 600 ses-
sions of HOT were administered to patients with life-threatening braininjuries,
mainly acute cerebrovascular lesions and severe postoperative cerebral edema,
since 1967,

At the same time, various investigations were conducted and among other things
the following results were obtained:

I. Hyperbaric oxygenation causes a marked rise in arterial oxygen pressure

(Fig. 1) reaching the 8 to 10-fold at an inspiratory oxygen pressure of 1,5 ata

and about the 12 fold at an inspiratory oxygen pressure of 2,0 ata as compared to
the arterial oxygen pressures measured during spontaneous air breathing. On the
other hand the oxygen pressure in the jugular bulb venous blood rises only slightly,
resulting in marked increase in cerebral arteriovenous oxygen difference. This is
an important factor for the tissue oxygen supply.

II. In the same group of patients we also studied the effect of the hyperbaric oxy-
genation on cerebral glucose metabolism (Fig. 2) as the essential source of the
energy production in the brain.

Normally the cerebral arteriovenous difference (AVD) for oxygen is~ 7,0 vol %,
for glucose ~ 10,0 mg % and the negative AVD for lactate is ~ 0,8 mg %.
Subtracting AVD-lactate from AVD-glucose gives the amount of glucose that is
oxydized by the amount of taken up oxygen. 1,34 mg % of glucose are oxydized by

1 ml of oxygen, and therefore the normal glucose oxydation quotient (GOQ), expres-
sing the ratio of AVD-glucose minus AVD-lactate divided by AVD-oxygen is 1, 34,
On the other hand, we found during the initial phase of this study that while the
patients breathed air spontaneously there was a low AVD-O, as compared to the
exceedingly high amount of oxydizable glucose that remains available after sub-
tracting the markedly increased AVD-lactate from the AVD-glucose.

On account of this uncompensated balance of the cerebral glucose metabolism the
GOQ is far above its normal value demonstrating a reduced oxydative glucose meta-
bolism and a compensatory increase of the unoxydative glucose metabolism,i.e. of
the glycolysis, This indicates a deficient oxygen supply of the brain tissue resulting
in a hypoxic hypoxydosis, i.e. an insufficient oxydative energy production of the
brain tissue.
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Compared to the initial state, we found during the second period - 10 min after
changing from air to oxygen breathing - a significantly increased AVD-O, and a
very distinct and significant decrease of AVD-glucose and of AVD-lactate, There-
fore the GOQ was reduced. This change of the cerebral glucose metabolism is best
characterized as the "Pasteur effect'", the inhibition of glycolyses by oxygen.

During the third period of this study - 10 min after reaching an inspiratory oxygen
pressure of 1,5 ata- a well compensated balance of the cerebral glucose meta-
bolism was found as indicated by the normal GOQ of 1, 35 showing that the AVD-O,
corresponds to the available amount of oxydizable glucose. The biochemical pattern
of the second and also of the third phase of this study indicates a sufficient oxygen
supply and oxydative energy production of the brain.

Against that, we again found in the 4th period - 10 min after reaching an inspira-
tory oxygen pressure of 2,0 ata - a much too high AVD-glucose respectively a too
great amount of oxydizable glucose in relation to the AVD-O,, resulting in an un-
compensated balance of the cerebral glucose metabolismandin a marked rise of the
GOQ. This, as already seen in the initial period again shows a marked stimulation
of the glycolysis and indicates a disturbance of the oxydative glucose metabolism
and an insufficient energy production of the brain, i.e. an hypoxydosis.

In contrast to the hypoxic hypoxydosis of the initial phase the hypoxydosis of this
4th phase cannot be caused by too low oxygen pressure but must be caused by the
high oxygen pressure leading to an oxygen toxicity of the brain, especially because
higher oxygen pressures have an inhibitory effect on the oxydative metabolic path-
ways. Therefore this probably refers to a hyperoxic hypoxydosis, showing, that
patients with severe brain lesions at least to some extent do not tolerate an inspira-
tory oxygen pressure of 2,0 ata resulting in alterations of the cerebral glucose
metabolism.,

As a ’typicalé immediately appearing sequela of this hyperoxic hypoxydosis we find
during the 5 phase of the examination - 10 min after complete decompression
continuously respiring oxygen - and especially during the last period - 10 min
after changing froin oxygen to air breathing - a much too low AVD-glucose in rela-
tion to the AVD-O,.

This indicates a disturbance of the cerebral glucose uptake and thus shows a dis-
turbed function of the blood brain barrier.

III. Furthermore we simultaneously studied the acid base balance in this group of
patients and especially found that the lactate concentration (La) and the lactate-
pyruvate-quotient (L/P) of the cerebrospinal fluid (CSF) (Fig. 3a) reflected the al-
terations of the cerebral glucose metabolism seen under the different inspiratory
oxygen pressures (IOP). For we observed a considerable decrease of the La and of
the L/P up toan IOP of 1,5 ata. This indicates an increase of the oxydative glucose
metabolism and a reduction of the unoxydative glycolysis, thus showing an improve-
ment of the oxygen supply of the brain tissue.

Against that the La and L/P enormously rise at an IOP of 2,0 ata and thus show
like the corresponding alteration of the cerebral glucose metabolism the hyperoxic
hypoxydosis. After complete decompression we observed in the 5% and in the last
period of the examination a fading away of these metabolic changes in the CSF,

As the examinations of the cerebral metabolism in another group of patients with
severe traumatical brain lesions showed (Fig. 3b) such an oxygen toxicity, i.e. a
hyperoxic hypoxydosis does not occur if the IOP is not elevated above 1,5 ata.
But in doing so we found a continuous reduction of La and of L/P in the CSF.
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This indicates an increasing and continuing improvement of the cerebral oxygen
supply and thus also an improved oxydative, more energy producing, cerebral glu-
cose metabolism.

IV. These laboratory findings also correspond to the following clinical results ob-
tained by the application of HOT and already comprised in 1971, At this time we
had given 267 courses of HOT to 102 patients. From these 102 patients 52 had been
treated with an IOP of 2-3 ata and 50 with an IOP of 1,5 ata. Comparing the results
of these two groups we find only in 25 % a marked and in 52 % no improvement in
the patients that were treated with IOP of 2-3 ata. Against that, we observed in the
50 cases that were treated with an IOP of 1,5 ata a considerable improvement in
48 % and no improvement in 36 %. This comparison showed a statistically signifi-
cant, much more favourable clinical result to the patients who had been treated
with the lower IOP of 1, 5 ata.

V. We also investigated the effect of HO on the regional cerebral blood flow (rCBF)
in another group of patients with traumatic brain lesions using a fluvograph. The
rCBF measurements (Fig. 4 ) were made with a needle thermocouple deeply implan-
ted in the affected brain hemisphere. The results showed a decrease of rCBF du- °
ring the rise of the IOP and an increase of rCBF ‘during the decrease of the elevated
IOP. This demonstrates the cerebral vasoconstriction caused by the increasing

IOP, especially since the arterial PCO, and the arterial pH and the arterial blood
pressure practically remained unchanged.

On account of these laboratory findings and of the clinical results we can assume
that patients with considerable brain lesions having a hypoxic hypoxydosis of the
brain can well be treated with an IOP of 1,5 ata improving the clinical course of
their condition. However, exposing such patients to an IOP higher than 1,5 ata will
at least partly result in adverse effects, affecting the oxydative glucose metabolism
and the cerebral glucose uptake. For the favourable effect of HO the following fac-
tors are of considerable importance:

1. HO improves the oxygenation of the brain tissue by the enormous rise of the
arterial oxygen pressure.

2, HO reduces the brain pressure by cerebral vasoconstriction. This is very fa-
vourable for the perfusion and oxygenation of the affected, hypoxic edematous
regions of the brain.

3. The improved oxygenation of the brain tissue causes an increase of the oxydative
glucose metabolism and thus also a rise of the cerebral energy formation, At
the same time the unoxydative cerebral metabolism, the glycolysis is reduced
causing a decrease of the La and of the L/P and therefore also a reduction of
the cerebral lactacidosis.
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Fig. 2. Mean arterio-cerebral venous differences (AVD) of oxygen represented
by the columns with diagonal lines and of glucose and of lactate. The AVD-glucose
is represented by the total columns next to the ones of AVD-0O,. From the total
AVD-glucose the AVD-lactate is substracted and indicated within the AVD-glucose
columns beneath the baseline. After that the amount of oxydizable glucose remains

and is indicated by small dots within the columns of AVD-glucose above the base-
line

We chose the measure on the ordinate for AVD-O3 (vol %) and for AVD-glucose

(mg %) so that each volume of oxygen taken up by the brain simultaneously indicates
the amount of glucose that can be oxydized by it. This makes it possible to visualize
the balance of the cerebral glucose metabolism also being reflected by the corres-
ponding GOQ
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The Effects of Hypercarbia on Cerebral Blood Flow and
Carbohydrate Metabolism in Deep Normovolemic
Arterial Hypotension

J. HAMER, S. HOYER, H. STOECKEL, E. ALBERTI, and P. PACKSCHIES

In the last decade both clinical studies and animal investigations have shown that
lowering the systemic arterial blood pressure to values of about 50 mmHg will leave
cerebral blood flow (CBF) unchanged due to a decrease of the cerebro-vascular
resistance (LASSEN 1959, HIRSCH and KORNER 1964, RAPELA and GREEN 1964,
HAGGENDAL and JOHANSSON 1965, HARPER 1965, 1966). The ability of the brain
to keep the blood flow constant over a certain range of falling cerebral perfusion
pressure (CPP) has been termed autoregulation (AR) of the cerebral circulation.

In addition, COHEN et al. 1964, WOLLMAN et al. 1964, ALEXANDER et al. 1965,
RAICHLE et al. 1970 and GOTTSTEIN et al. 1971 could demonstrate that with a de-
crease of CBF in hypocapnia the cerebral arterio-venous differences of oxygen and
glucose will increase in a compensatory fashion, thus keeping the corresponding
cerebral metabolic rates (CMRO, and CMR glucose) constant.

The present investigations contribute to the question as to how these important
parameters of the oxydative cerebral metabolism change below the autoregulatory
range and, in particular, how hypercapnia influences CBF, the av-differences of
O, and glucose and the cerebral output of lactate in this stage.

Material and methods

In 10 halothane (0, 5 vol. %) anesthetized, artificially ventilated normoxic-normocap-
nic mongrel dogs CPP ( defined as the difference between mean systemic arterial
blood pressure and mean intracranial CSF-pressure) was decreased in a stepwise
fashion to values of about 70 mmHg (stage I) and to 40 mmHg (stage II) by controlled
intravenous injections of Trimethaphan (ArfonadR). After maintaining steady state
conditions over 30 minutes, the following measurements were carried out in the
resting state and in the two mentioned CPP-stages:

1. CBF, 2. avoxygen and glucose differences, 3. cerebral lactate output.
Cerebral blood flow was determined by means of the KETY -SCHMIDT technique
modified by BERNSMEIER and SIEMONS (1953). The volume of oxygen was mea-
sured by gas chromatography, the concentrations of glucose and lactate enzymati-
cally. pH, PCOZ, base excess and standard bicarbonate were determined in the
Astrup apparatus and controlled before and immediately after the single measure-
ments, Blood samples were taken from the femoral artery and from the superior
sagittal sinus. At stage II (mean CPP 43 mmHg), the abovementioned measurements
were also performed under hypercapnic conditions, after inhalation of 5 % CO,.
During the investigations the body temperature of the experimental animal was kept
at a normothermic level. Statistical calculations were based on the FRIEDMAN-
and the STUDENT -test.
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Results

Table I contains the mean values (n=10) of CBF and of the corresponding parame-
ters of cerebral carbohydrate metabolism at different steps of decreased CPP and
at a normocapnic level (mean PaCO,:34, 3 Torr) and at a hypercapnic state (mean
PaC0,:82, 6 Torr). Statistical significances are marked by asterisks, While de-
creasing mean CPP from 98 mmHg to 71 mmHg, under normocapnic conditions,
neither CBF nor (A-V)O, and CMRO, were altered. Glucose utilization and cere-
bral output of lactate, however, were increased. A further fall of CPP to a mean
value of 41 mmHg was accompanied by a highly significant decrease of CBF for
about 51 % of the corresponding resting values. Although the av oxygen and glucose
differences increased, O, and glucose utilization was not sufficient, with regard
to the sharp drop of CBF, to keep the corresponding cerebral metabolic rates con-
stant,

Table I
PaCOZ 34,3 Torr PaCO2 82,6 Torr
CPP, (mm Hg) 98,0 71,0 41,0 43,0
CBF , (ml/100g min) 65,6 64,1 32,27t g6t
(a-V)0,, (vol. %) 6,63 6,94 9,13 6,69"
) + +

CMRO,, (m1/100g min) 4,19 4,38 2,89 4,17
(A-V)glucose , (mg%) 7,3 9,5 10,5 3,8 Tt
CMRglucose , (mg/100g min) 4, 6 6,2 3,31 2,6

++ +
(V-A)lactate , (mg%) 0, 45 2,56 3,75 0,96
CMRlactate , (mg/100g min) 0,33 1,627 1,14 0,63

+

tp<o,005 Ttp<o,01; e < 0,001

Furthermore, the cerebral formation of lactate was markedly augmented in this
pressure stage (II): In contrast to 7 % of glucose metabolized to lactic acid in the
resting state, the glycolytic formation rate amounted to 34 % at a CPP of about
40 mmHg.

With raising of the PaCO) to 82, 6 Torr on an average, CBF increased in 9 of 10
‘preparations, reaching almost the resting values or even exceeding them, Whereas
CMRO, improved according to the rise of CBF, (A-V)glucose decreased signifi-
cantly in all preparations under hypercapnic conditions, and CMR glucose was fur-
ther lowered in spite of improved blood flow (see figures 1 and 2). Furthermore,
hypercapnia induced a significant decrease of (V-A) lactate ( see figure 3).
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Discussion

The present investigations have shown that at a CPP of about 40 mmHg AR is
abolished and the carbohydrate metabolism of the brain is severely disturbed. On
the contrary, at a moderate reduction of CPP to values of about 70 mmHg, AR is
still effective, probably due to a compensatory rise of cerebral lactate production.
The autoregulatory mechanisms, however, do not bring about maximal vasodilata-
tion, since, below the autoregulatory range, cerebral vessels may still be respon-
sive to increased PaCO, and thus be further dilated (see figure 4). Although hyper-
carbia may have a beneficial effect on CBF, it will cause, on the other hand, a con-
siderable inhibition of glucose metabolism. In this regard, our investigations are
consistent with the experimental results of DOMONKOS and HUSZAK 1959, COHEN
et al, 1964, WEYNE et al. 1970 and JAMES et al. 1971,

We have demonstrated, in another experimental study on normoxic normotensic

dogs (ALBERTI et al., unpublished data), that the inhibitory effect of hypercapnia
on cerebral carbohydrate metabolism seems to be dependent on the degree of raised
PaCO;,. Below a PaCO; of about 60 mmHg, there is apparently no inhibition of cere-
bral metabolism. The underlying mechanisms of this inhibitory effect of hypercar-
bia are still poorly understood. Possibly, with falling arterial pH in respiratory
acidosis, the intracellular pH-optimum for enzymatic reactions of carbohydrate
metabolism may be deteriorated and thus glucose uptake inhibited (SIESJO et al.
1972). On the other hand, the possibility of CO,-fixation in intermediary metabolism
should be discussed (WAELSCH et al. 1964). It is well known by the so-called Ochoa-
reaction that, due to a reducing carboxylation, pyruvate can be changed to malate
which easily converts to oxalacetate which, together with acetyl-CoA, reacts at the
beginning of the TCA-cycle. If in hypercarbia the Ochoa-reaction were accelerated,
the reducing carboxylation of pyruvate would explain why in hypercapnia lactic acid,
the product of reduced pyruvate in glycolysis, must be decreased and why, further-
more, a hypercapnic influence on the TCA-cycle may result in lowered cerebral
metabolism of glucose.

The decrease in lactate formation under hypercapnia and, vice-versa, an increased
output of lactate in hypocapnia have been found by many investigators (BAIN and
KLEIN 1949, DOMONKOS and HUSZAK 1959, ALEXANDER et al. 1965, LEUSEN et
al. 1966, WEYNE et al. 1970). In particular, the fundamental experimental studies
of DOMONKOS and HUSZAK and of LEUSEN and coworkers have provided evidence
of an intracellular pH-dependence of lactate formation in the brain. Thus, lactic
acid seems to have a rather important biochemical regulatory function in the cere-
bral acid-base equilibrium.

With special regard to raised intracranial pressure, cerebral vasodilatation and
further increase of intracranial blood volume under hypercapnic conditions, below
the autoregulatory range, may be of great clinical importance. LANGFITT and
associat\es (1965) have shown that the intracranial pressure-volume relationship
is not linear, but corresponds to an exponential function. Thus, from a certain
point on the pressure-volume curve, a relatively small increase of intracranial
volume may provoke an unproportional rise in intracranial pressure. Therefore,
hypercarbia may have deleterious effects in cases of raised intracranial pressure.

In accordance with the clinical observations of BRUCE, LANGFITT and MILLER
(1973), our results suggest that an increase of CBF cannot always be regarded as
an absolutely reliable criterion for improvement of the cerebral metabolic state.
Further pertinent determinations of other metabolic parameters as CMRO2 and
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CMRglucose and output of lactate etc. will better help to understand the complex
changes in cerebral functions.
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Regional Cerebral Blood Flow and Regional
Cerebrovascular Reactivity Following Local Brain Injury

T. WALLENFANG, R. SCHUBERT, J. GROTE, W. ScHAAF, and H. J. REULEN

Pathophysiological concepts on the mechanism of changes occurring inthe damaged
brain hemisphere following head injuries are still quite limited. Therefore the pre-
sent series of experiments were undertaken to examine the changes of the regional
cerebral blood flow and its regulatory mechanism following a cold induced edema.
At the same time we investigated the influence of a different arterial POy upon the
cerebrovascular reactivity of injured and undamaged brain areas, as well as the
influence of hypercapnia and hypocapnia on rCBF. Both methods were applied thera-
peutically during the last years.

Method

A local cold injury as described by KLATZO was inflicted to the right frontal cortex
of 56 cats under Nembutal anesthesia (40 mg/kg b.w.). Twenty-four hours after the

induction of the lesion 4 groups of 10 animals were either normoventilated, hypoven-
tilated, moderately or severely hyperventilated. At the end of the experiments rCBF
was measured by the Krypton clearance in the following areas (Fig. 1):

1. the lesion proper

2. the cortex immediately adjacent to the lesion

3. one cortical area remote from the lesion

4. the contralateral hemisphere, which served as control

In a 5th group of 16 animals under normocapnic conditions rCBF was measured over
the area adjacent to the lesion and over the undamaged hemisphere while PaO, was
gradually lowered from 100 mmHg to 25 mmHg. Following the above measurements,
the brain was instantaneously frozen with liquid nitrogen. The water and metabolic
contents were determined in the areas corresponding to the CBF measurements.

Results

The changes in regional cerebral blood flow in the neighbourhood of a brain lesion
under normoxic normocapnia conditions are demonstrated in figure 2.

The abscissa shows the difference of the water contents between the uninjured con-
trol hemisphere and the single areas of the injured hemisphere. The ordinate shows
in the same way the difference between the cerebral blood flow of the uninjured
hemisphere and the single areas of the injured hemisphere. The point of intersec-
tion of abscissa and ordinate corresponds to the control values of the uninjured he-
misphere,
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The closed circles correspond to the lesion, the triangles to the areas adjacent to
the lesion and the open circles to the areas remote from the lesion. Thus, an inho-
mogenous circulatory pattern can be observed around the brain lesion. Independent
of the distance from the lesion 4 different types of flow can be differentiated.

. normal areas (control values)

. hyperemic non-edematous areas
ischemic non-edematous areas

. ischemic edematous areas

B W~

In the latter areas a close correlation between the severity of local edema and the
decrease in local blood flow can be established. i.e. an increasing amount of local
brain edema causes progressive reduction of local circulation.

Probably the hyperemia results from a vasodilatation caused by the spreading lact-
acidosis, which accumulates in the lesion area. Fig. 3 demonstrates the relation
between the changes in regional cerebral blood flow and the local brain metabolism,
i.e. the local lactate content respectively the local L/P ratio as well as ATP and
phosphocreatine.

Thus, a reduction of about 62 % in CBF at the lesion results in a significant decrea-
se in phosphocreatine and ATP concentrations.

A CBF reduction of about 24 % in the remote areas and of about 33 % in the adjacent
areas does not cause any significant decrease of these energy-rich phosphates,
although the lactate concentration increases progressively due to tissue hypoxia. In
accordance with the stability of both compounds, phosphocreatin diminished earlier
than ATP due to tissue hypoxia. The increased tissue pressure and the concomitant
tissue lactacidosis apparently impairs blood flow regulation in these edematous
areas.

The hyperemic non-edematous areas, the vessels of which are already maximally
dilated by the tissue lactacidosis, have lost any capacity of vasodilatation to a gra-
dual reduction in PaO,. These areas, at the limit of their compensation, show a
significant decrease in blood flow - an intracerebral steal. Thus, a reduction in
PaO, soon results in a significantly deficient blood flow. Studies have been per-
formed on the influence of gradually lowering PaO, from 100 to 25 mmHg on the
regional cerebral blood flow in the uninjured and injured hemisphere (Fig. 4). In
the control hemisphere rCBF remains constant until PaO, has decreased below 40-
50 mmHg. A reduction below this level induces a marked increase of rCBF, These
results are in agreement with earlier findings reported by GROTE.

The edematous areas, the blood flow of which was already diminished as compared
to the control hemisphere, show a lower and earlier increase in blood flow. When
PaO2 was lowered below 40-30 mmHg we observed a tendency of blood flow to de-
crease in these edematous areas.

The results of these investigations on moderate and severe hypocapnia respectively
hypercapnia and their influence on rCBF is demonstrated in figure 5. The abscissa
shows the different PaCO,, the ordinate the corresponding rCBF values.

Under normoxic normocapnia a progressive reduction of rCBF from the remote and
the adjacent area toward the lesion was measured as compared to the control hemis-
phere. Under moderate hypocapnia the cerebral blood flow diminishes in the unin-
jured hemisphere paralleling the decrease of PaCO) from 30 to 16 mmHg. In compa-
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rison to normoxic normocapnic conditions, no remarkable change in CBF is found
under moderate hypocapnia in the lesion area, while rCBF is significantly increa-
sed in the adjacent and remote areas. This is known as the so called '"inverse steal
syndrome'. The decrease in PaCO} results in a vasoconstriction of the uninjured
hemisphere and induces a redistribution of blood flow from the healthy toward the
affected brain areas. Paralleling the increase in CBF brain edema progressively
diminishes.

Under severe hypocapnia, i.e., a decrease in PaCOj} from 30 to 11,5 mmHg,
rCBF diminishes in all areas. This controlled ventilation undoubtedly has no clini-
cal importance in treatment of patients.

The rCBF values during hypercapnia diminish in all areas of the injured hemisphere.
The well known increase in rCBF in response to CO, administration the uninjured
hemisphere was observed only in 4 cats. In the other 6 animals rCBF decreased.
Such a paradoxical COp-reaction of the brain vessels was also described by
ROSSANDA et al., FIESCHI et al. in cases of acute brain injury.

In summary, in the neighbourhood of a lesion of the brain an inhomogenous circu-
latory pattern exists, Independent of the distance from the lesion, 4 types of flow
reactions can be differentiated: areas with normal blood flow, hyperemic and
ischemic non-edematous areas and, finally, ischemic edematous areas. The areas
of the injured hemisphere failed to show the PaO; triggered blood flow regulation.
A beneficial effect on the damaged brain may only be obtained from the moderate
hypocapnia. A lowering of about 10 mmHg in PaCO, produces hemodynamic altera-
tions resulting in a redistribution of blood flow from the healthy toward the diseased
areas of the brain.
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Cerebrovascular Autoregulation After Acute Brain Injury
with Particular Reference to Changes in Intra-Ventricular
Pressure

J. OVERGAARD and A. TWEED

Arterial hypertension (HT) has been shown to promote the formation and spread of
cerebral edema in animal models (1, 2, 3), but the effect of HT on intracranial pres-
sures (ICP) in patients with acute brain injuries and impaired autoregulation has
not been clearly established.

We have continuously monitored mean intraventricular pressure (MIVP) during pe-
riods of induced transient arterial HT (during testing of autoregulation) in 28 rCBF
studies done at times ranging from 2 hours to over 30 days after acute brain inju-
ries, rCBF was measured by the intra-arterial Xenon method with 35 channel re-
cording and calculated from the initial slope (4). Mean global flow (CBF;,;; ) was
measured from the continuously recorded sum of the 35 channels. Autoregulation
was tested in each study by a slow intra-venous infusion of angiotensin to produce
a transient (3-5 minutes) increase of MABP of between 25-75 torr. Global or major
focal impairment of autoregulation was determined from the increase in CBF

init,
or rCBFjpjt, during HT as described by OLESEN (5).

Results

Changes in MIVP during transient HT are described in 4 groups of patients as
follows:

Group 1 was 8 patients with intact autoregulation and MIVP ranging from 6-34
torr. No change in MIVP was seen during HT, even with rapidly rising BP. We
conclude that normal autoregulation responds rapidly to rising BP so that CBF and
intracranial blood volume are maintained constant, and ICP, even when moderately
elevated, is unaffected.

Group 2 was 8 patients with impaired autoregulation but with resting MIVP control-
led to levels less than 25 torr (av: 15,9 torr). A small but inconsistent rise in
MIVP was seen during HT in this group (increase 3, 8 torr). It appears that these
patients maintained some margin for volume compensation so that they were able

to accomodate a small increase in intracranial blood volume.

Group 3 was 7 patients with severely impaired autoregulation and resting MIVP
elevated above 25 torr (av. 48 torr). In this group a rise in BP was consistently
accompanied by a significant rise in MIVP, the change in MIVP being coincident

in time and proportional in amplitude to the change in MABP. The proportional
relationship MIVP/MABP ranged from 0, 12 to 0, 69 (av. 0,49). We presume that
intracranial volume reserves were exhausted in these patients and they were unable
to compensate for a small increase in blood volume., We suggest, therefore, that
this response represents vasocongestive ICP elevation,
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One patient in group 3 had an MICP which rose progressively during HT and per-
sisted at the elevated level after reduction of BP and despite vigorous hyperventila-
tion, but was reduced to the resting level after CSF drainage. We believe this re-
presents edema formation provoked by the episode of HT.

Group 4 was 5 patients who had autoregulation tested during hypercapnia (PaCO,
45-70 torr). Resting MIVP was moderately elevated (av. 25, 8 torr) and rose during
HT in a manner similar to that of group 3 in 4 of the 5 patients,

Summary

1. In patients with impaired autoregulation after acute brain injury HT may provoke
vasocongestive or edematous elevation of ICP,

2, Control of MIVP to less than 25 torr prevents the vasocongestive response, but
it is uncertain whether it prevents edema formation.

3. Direct measurement of ICP and observation of the relationship between ICP and
BP are essential features in the care of these patients.,

4. Spontaneous episodes of HT should be anticipated and preventative measures em-
ployed. Since spontaneous HT is often related to elevation of ICP, CSF acidosis,

hypoxia, hypercapnia or restlessness, measures such as control of ICP, hyperven-
tilation, and sedation should be considered in preference to hypotensive drug therapy.
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Desintegration of Polysynaptic Vegetative Control of the
Mesencephalic Reticular Formation After Brain Edema
in Animal Experiments

E. MARKAKIS, W. WINKELMUELLER, and A. SPRING

Three methods have mainly been used in order to localize the vegetative centers
in brain, especially those with respiratory and cardiovascular function:

1. lesions and transections of the brainstem, which provide only a rough (9, 14)
anatomic-functional study, 2. electrostimulation of brainstem areas, allowing

a more exact localization of the vegetative centers and 3. recording of the neu-
ronal activity by means of microelectrodes implanted into the brainstem.

In this way the central cardiovascular regulation was defined in a large number

of superposed centers, beginning with the pontomedullar formatio reticularis, up
to mesodiencephalic centers of the formatio reticularis with bulbo-thalamic and
bulbo-hypothalamic projection pathways and ending at the cerebral cortex (3, 12,
13,14, 19).

The respiratory centers in brainstem were localized especially as:

a) a pneumotaxic center in the upper pons (inspiratory-inhibitory), b) an apneustic
center in the lower pons (inspiratory-facilitatory) and c) a primitive rhythmic
center in the medulla (4,9, 17,19,21). By means of electrostimulation a respiratory-
expiratory center was defined in the dorsal part and a respiratory-inspiratory
center in the ventral part of the floor of the fourth ventricle (2, 6,9, 16, 18).

The way in which all these centers influence each other is not yet clear.

Own previous studies (22) of the basal mesencephalic area have shown that electro-
stimulation in the ventromedian segment cause an increase in vigilance combined
with a marked motoric and electrocorticographic activation.

The question arises if, by electrostimulating these mesencephalic regions, the
changes of vigilance correlate with changes of vegetative functions (especially of
blood pressure and respiration) and if the functional pattern of reaction is modified
during the increased intracranial pressure.

In a series of animal experiments (30 spontaneous breathing, adult cats of both
sexes in light anesthesia) the ECoG, intracranial pressure, blood pressure, ECG,
respiratory frequence and pattern, aortic and brain pulsations were recorded.

By means of a bipolar electrode, stereotactically implanted into the left mesence-
phalic reticular formation, we registrated the stimulation effects in different depths
and the changes in vegetative functions, especially in respiration and blood pres-
sure at normal intracranial pressures (100 Hz stimuli for 20 sec.).
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As shown in figure 1 an initial depression of respiration followed by a deeper and
increased respiratory rate and simultaneously an instant phasic rise of blood
pressure was recorded at a depth of 21 to 22 mm.

We also applied 0,25-1 Hz and 8-12 Hz low-frequency stimuli and recorded in the
frontal ECoG (area 6) the specific (field potential) and unspecific (recruiting-
spindling ) responses.

Figure 2 illustrates the reaction of respiration and cardiovascular activity after a
high-frequency stimulus has been repeatedly applied under normal intracranial
pressure conditions (the period of a 100 Hz stimulus for 20 sec. is seen in the
grey field).

As shown in figure 3, brain edema and increase in intracranial pressure was caused
by oil embolisation through the right lingual artery.

In nearly all the cases we observed a postembolic ECoG depression, which, how-
ever, could be reversible (figure 4) and recorded not only on the right hemisphere,
because of the rich anastomoses of the cranial vessels,

During increasing the intracranial pressure we repeated the low- and high-frequen-
cy stimulations (figure 5).

At a level of 40-50 mmHg we recorded the reversal of the respiratory brain pulse
amplitudes - larger amplitudes during the inspiratory phase (15).

At the same time it was possible to induce respiration by 100 Hz stimuli, The
blood pressure regulation seemed to be fixed at an autonomic level and was no
longer influenced by mesencephalic stimulations.

In the same phase (figure 6) we observed that following low-frequency stimuli an
inhibition of the unspecific ECoG responses (recruiting) took place, whereas the
specific responses (field potential) were further recorded.

The inhibition of the unspecific responses in ECoG, appearing at a level of ICP
about 40-50 mmHg, points towards a breakdown of polysynaptic connections. As
the functional response of blood pressure centers following high-frequency stimuli
simultaneously disappears, we assume that the cardiovascular regulation is modu-
lated in mesencephalic areas by polysynaptic connections. Blood pressure is now
regulated by an autonomic pontomedullar generator and can no longer be influenced
by midbrain stimulation.

On the other hand the specific ECoG responses and functional reaction in respira-
tion following midbrain stimulation remain constant, showing the oligosynaptic
pathways are still intact.

The reversal of the respiratory changes in brain pulsations seems to be a sign of
the mesencephalic desintegration of cardiovascular and respiratory regulation.

We thus conclude that midbrain stimulation causes a general activation of the moto-
ricity, vigilance and vegetative reactions. At high intracranial pressures ( above
40 to 50 mmHg) an interruption of the polysynaptic neuronal connections takes
place, which clinically is seen as the desintegration of the vegetative functions and
the disturbance of consciousness.
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-and high- frequency

Electrocorticographic and functional responses following low

1.

midbrain stimulations

Fig.

Fig. 2. Respiratory and cardiovascular response following a 100 Hz stimulus P

(see p. 191 above)

Fig. 3. ICP increase following oil embolisation of the brain (see p. 191 below) >
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The Influence of Hypercapnia and Hypoxia on Intracranial
Pressure and on CSF Electrolyte Concentrations

P. MARX, G. WEINERT, P. PFIESTER, and H. KUHN

Hypercapnia has been shown to increase intracranial pressure (ICP) by augmenta-
tion of cerebral blood volume. Hypoxia also increases ICP, the mechanisms by
which this pressure increase occurs being at least twofold: vasodilatation and
cerebral edema. However, it is as yet unknown whether slight and shortlasting
hypoxia may also disturb cerebral electrolyte transport mechanisms, thus causing
cerebral edema, and whether such disturbances may be reflected in cerebrospinal
fluid (CSF) electrolyte concentrations.

The following investigation has been designed to show the influence of hypercapnia
and hypoxia on CSF displacement, intracranial pressure and CSF electrolyte con-
centrations. Mongrel dogs were paralysed with succinylcholine under neuroleptan-
algesia. Artificial ventilation was adjusted so that arterial pOz, pCO, and pH were
within normal limits. Ventricular cisternal perfusion (PAPPENHEIMER et al.)
was established by puncturing the right lateral ventricle through a small burrhole
by a specially constructed needle tightly fixed to the calvarium in order to avoid
fluid losses. An ELLIOTT’ s-B-solution (pH = 7, 4) was pumped through this needle
at a speed of 0,1 ml/min and ICP was recorded using a simple manometer. The
cisterna magna was punctured percutaneously and the outflow system adjusted so
that intraventricular pressure became léss than -10 mmHg during steady state.
(Na') and (K') in the effluent fluid were measured three times in each 20 minute
sample by flame photometry.

The perfusion system came to a steady state approximately after three hours.
Starting at the fourth hour of perfus'ion, 5% CO, were added to the inspiratory gas
mixture for five minutes. After restoring steady state conditions hypoxia was indu-
ced at the beginning of the fifth hour by reducing O3 in the inspiratory gas mixture
to 10% for ten minutes. During this period all animals showed progressive slowing
of EEG.

For statistical analysis the FRIEDMAN-test was chose¥ which showed significant
differences both for intracranial pressure and CSF (Na ) and (K ) at a level of

& =0,005. Two minutes after starting 5% CO; inhalation intracranial pressure
rapidly rose and increased by 5,4 mmHg at the fifth minute of hypercapnia indica-
ting well preserved reactivity of the cerebral vasculature to CO, (Fig. 1). After
restoring normal gas mixtures ICP fell to steady state values within 15 minutes.

A very similar curve was obtained during and after hypoxia, the quantitative diffe-
rences being due mainly to the longer exposure time to hypoxia as compared with

the hypercapnic period (Fig. 2).

The ICP changes occurred although cisternal outflow increased from 0, 161 ml/min
during steady state up to 0, 427 ml/min during hypoxia (Fig. 3), the total outflow
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increment during hypoxia amounting to 1,52 ml. This seems to be a rather small
fluid volume which - as indicated by the ICP rise - cannot be equal to the intra-
cranial volume increment during hypoxia. Nevertheless it permits an interesting
comparison to the CSF absorption rate which, using the regression lines of
BERING and SATO, can be calculated to be 0,01 ml/min at the highest ICP during
hypoxia. This means that intracranial volume increase during hypoxia is many
times larger than the possible CSF absorption at the same time. Hypoxia therefore
must increase intracranial pressure and the same applies to hypercapnia.

The finding that the increase in intracranial volume during hypercapnia and hypoxia
cannot be compensated for by increased cisternal outflow in our experiments can
not be explained by dbstruction of the cisternal outflow system, since the outflowing
fluid showed free respiratory movements. We therefore believe that CSF pathways
have been obstructed most likely at the tentorial aperture due to rapidly rising
pressure differentials between supra- and infratentorial cavity. Such pressure
differentials during hypercapnia have recently been reported by DORSCH and
SYMON in the monkey.

Both, outflow (Na+) and (K+) increased during and after hypercapnia (Fig. 4). This
increase is lasting longer than the entire hypercapnic period, probably because of
the very slow perfusion speed of 0,1 ml/min, The rise in (K ) cannot be explained
by a higher rate of addition of subgrachnoid or ventricular fluid to the perfusion
fluid during hypercapnia, since (K ) was 0, 7 mval/l lower in the original CSF than
in the ELLIOTT’ s-B-solution. A similar increase in CSF (K ) during respiratory
acidosis has been observed by CAMERON and might be attributed to a pH dependant
exchange of K between intracellular and extracellular compartments of the brain
tissue. Since (Na') in the original CSF was 10 myal/1 higher than in the ELLIOTT’ s-
B-solution, the observed increase in outflow (Na ) should mainly be due to increa-
sed admixture of ventricular and subarachnoid fluid to the perfusion fluid during
hypercapnia.

Outflow (K+) also increased during and after hypoxia, whereas (Na+) remained low
in the same 20 minutes sample. However, (Na ) inreased during the next 20 minu-
tes. 50 minutes after restoring normal gas mixtures (Na ) almost came back to
steady state level. (K ), although also coming down, was still considerably higher
than before onset of hypoxia. These findings should be compared with results,
obtained by GOTOH and MEYER, 4!\/IEYER and KANDA and WEST and MATSEN,
who showed a decrease in CSF (K' ) during ischemic hypoxia. Our results only dif-
fer slightly with respect to the changes in (Na ) which might be due to the fact that
both, degree and duration of hypoxia in our experiments were much smaller, so
that all animals survived without neurological deficits. However, the fact that CSF
(Na') did not increase during and immediately after hypoxia, as this was seen
during hypercapnia, might be interpreted as an early indication of disturbed active
ion transport mechanisms as shown by others. These disturbances might be expec-
ted to cause intracellular Na and water accumulation, i.e. brain edema.

In conclusion, since both, hypercapnia and hypoxia increase intracranial contents
much faster than can be compensated for by an increase in CSF-absorption, special
care should be given to ventilatory disturbances in patients with increased intra-
cranial pressure. CSF electrolyte concentrations change during hypercapnia due to
a pH effect on intra-extracellular-cation distribution in the brain. The recorded
changes in CSF (Na ) and (K ) during hypoxia might be related both to a pH effect
and to inhibition of active ion transport mechanisms.
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Dissociation of rCBF from Perfusion Pressure in Early
State of Cerebral Death (Abstract)

A. Tweep and J. OVERGAARD

Death from traumatic brain injury has usually been found to occur when intracrani-
al pressure rises to near the level of systemic blood pressure, with arrest of cere-
bral circulation and subsequent respiratory arrest. The ability of the human cere-
bral circulation to recover after a period of total ischemia is not known, though
CBF and functional brain recovery do occur in certain situations: after cardiac
arrest of only a few minutes duration, and after prolonged circulatory arrest during
deep hypothermia and anesthesia. With animal experiments both hyperemia and

"no reflow' after total cerebral ischemia have been reported.

We have studied two young patients within 4 hours of severe, traumatic brain injury.
Both were deeply comatose, though not '"brain dead'", since spontaneous respiration
and brain stem reflexes remained. There is good evidence that an indeterminate
period of severe intracranial hypertension preceded the investigation in both
patients. Regional CBF was measured by the intra-arterial Xenon washout method,
mean arterial blood pressure (MABP) was recorded from the carotid artery cathe-
ter, and intraventricular pressure (IVP) from a catheter in the lateral ventricle.
Position of the ventricular catheters was confirmed by the presence of arterial
pulsations and by subsequent injection of radiopaque dye into the ventricles.

IVP was less than 20 torr at the time of CBF measurement in both patients, and
rCBF was near zero despite a cerebral perfusion pressure greater than 100 torr.
(CPP = MABP - IVP). The absence of cerebral perfusion and correct placement
of the arterial catheter were confirmed by cerebral angiography.

The extremely high cerebrovascular resistance in these cases, more than 10 times
normal, was an unexpected finding and much higher than any values previously re-
ported in humans. The physiologic and clinical implications of this phenomenon in

the series of cerebral death will be discussed.
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Chapter V.

Diagnosis of Cerebello-Pontine
Angle Tumors



Microtopography of the Cerebellopontine Angle and Early
Otologic Diagnosis of Cerebellopontine Angle Tumors
(Abstract)

W. E. HiTseLBERGER and W. F. HOUSE

There has been an amazing increase in the number of acoustic tumors that have
come to operation. This is primarily the result of much improved diagnostic tech-
niques. Foremost in this area has been the development of positive contrast mate=~
rial making use of Iophendylate as a contrast substance. This has allowed the early
radiologic diagnosis of many cerebellopontine angle tumors before they have
reached the size that causes increased intracranial pressure.

Additionally, other advances have been made in the audiologic diagnostic capability.
The recognition of the early high tone sensory neural hearing loss in these patients
has been extremely important. Refinements in measuring vestibular function have
made it possible to pick up even small changes in balance impairment that are
related to malfunction of the semicircular canals.

Neurologically the changes associated with a small acoustic neuroma or other cere-
bellopontine angle tumor are much more subtile than the full blown neurologic
picture - an awareness of the many functions of the 5th and 7th nerves especially
has allowed these parameters to be tested.

There have been many changes in other aspects of these tumors as well, including
the recognition that acoustic tumors are not necessarily associated with elevation
of the cerebrospinal fluid protein. Additionally, tumors may be present without
changes being seen in the internal auditory canals. The recognition of abnormalities
produced by other cerebellopontine angle tumors which can be mistaken for acoustic
neuromas has been very important.

This paper will attempt to correlate the above discussion in such a way as to make
it practical to the otolaryngologist and neurosurgeon who are confronted with these
problems. Hopefully we will be able to point out some of the important aspects in
diagnosis that will increase our awareness of the early diagnosis of this tumor.
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Neuroradiological Diagnosis of Cerebellopontine
Angle Tumors

S. WENDE

The neuroradiological diagnosis for the demonstration of a cerebellopontine angle
tumor should be initiated by a special examination of both petrous bones (represen-
tation of the pyramids in STENVER’ s projection, in frontal projection, in TOWNE
projection , in axial projection). Furthermore, tomography is necessary in order
to visualize fine bone structures of the internal auditory canal.

The classical symptom of the acoustic neurinoma is the dilatation of the internal
auditory canal which, however, should not be considered as pathognomonic, for it
can also occur in general intracranial pressure increase. There are different
answers to the question as to when a dilatation of the internal auditory canal is to
be diagnosed. LINDGREN considered a side difference of 2-3 mm as still normal.
GRAF, however, never obtained a side difference over 1,5 mm in his comprehen-
sive histological and radiological studies. According to MAYER, a side difference
over 1 mm should already be considered as pathological.

Pathological changes of the petrous bone do not allow any conclusion about the tumor
size. Extensive destructions indeed are always caused by a large mass, however,

a slight defect appears not only in small-but also in large tumors, since the intra-
cranial neoplasm develops in the direction of least resistence. Thus, the question
of the tumor size cannot be answered by routine neuroradiological diagnosis.

Another outpatient examination method is the radioisotope diagnosis. Following
intravenous injection of 99 m technetium cerebral scintigraphy is carried out

(2 1/2 hrs post injectionem). In tumors which already exceeded the intetnal audito-
ry canal in the majority of the cases a radioisotope uptake in the cerebellopontine
angle region is present. This radioisotope method however fails to diagnose very
small tumors still lying in the internal auditory canal.

There is only one method for definite confirmation of cerebellopontine angle tumor
and its extent: representation of the cisterns by means of positive or negative con-
trast medium. This contrast examination applied to an exact examination technique
enables a distinct diagnosis. Thus, the tumor can be identified before having sur-
passed the internal auditory canal.

Pneumo-encephalo-cisternography

In small tumors the ventricles can show normal position and form, therefore the
picture of the cisterns plays a decisive role. Most important for the diagnosis of
the cerebellopontine angle tumor are the pontocerebellar cistern, the medullary
cistern and the ambient cistern. In case of a small tumor the pontocerebellar
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cistern is enlarged as a sign of the liquor blocking. The tumor can be completely
surrounded by air, then the picture of the cisterns (tomography) represents the
actual extent of the mass. Larger neoplasms show more pronounced changes, also
the pons is deformed and its lateral surface appears to be flattened. The cistern is
medially dilated and shows laterally a concave outline. The cistern can also be
withdrawn from the margin of the petrous bone. Simultaneously very often a flatte-
ning of the cistern on the opposite side caused by pressure occurs. In all these ca-
ses also a deformity of the ambient cistern is present which is significantly dilated
on the tumor side and can appear to be resected in its lower outline. Large tumors
cause also changes in the region of the 4th ventricle which in pneumoencephalogra-
phy should always be visualised too.

The diagnosis of the cerebellopontine angle tumor by pneumoencephalography yields
satisfactory information about tumors which already exceeded the internal auditory
canal extending into the intracranial region. Thus, the tumor must have reached
certain size to become visualised in the pneumoencephalogram. At this stage the
patient shows already pronounced neurological deficiency symptoms.

It is desirable to recognize the cerebellopontine angle tumor in its earliest possible
stage before having exceeded the internal auditory canal and before the appearance
of neurological deficiency symptoms. Relating to this cisternography with positive
contrast medium (Duroliopaque and Pantopaque) has led to significant progress
which is of crucial relevance for the recognition of cerebellopontine angle tumors.

Roentgenograms of Duroliopaque-cisternography demonstrate the contrast spilling
into the internal auditory canal on both sides. In the majority of cases the falciform
crest is identifiable, also in the medial part of the pontocerebellar cistern the tri-
geminal nerve can be visualised as an outlined contrast filling defect. Furthermore,
representation of the terminal segment of the facial nerve and cochlear nerve is
possible.

If pathological changes are present Duroliopaque does not completely enter the inter-
nal auditory canal. Then a smoothly outlined crescentic contrast filling defect
appears in the region of the internal acoustic meatus. The tumor can be completely
encircled by contrast medium, in larger tumors the contrast medium outlines only
one side of the mass.

A pathological finding in the Duroliopaque cisternogram is obtained if arachnoidal
adhesions or swellings in the region of the 8th cerebral nerve occur. Here, however,
the contrast medium appears to be irregular and does not show the typical tumor
configuration.

Which method should be preferred ? If a small tumor in the region of the stato-
acoustic nerve is suspected (only otological, no neurological deficits) cisternogra-
phy with Duroliopaque should be carried out. If, however, in addition significant
neurological symptoms are also present pneumoencephalography is preferable,
since this examination method enables additional demonstration of changes of the
cerebellum and midbrain. Both examination methods complement each other. For
the early diagnosis of a cerebellopontine angle tumor cisternography with positive
contrast medium is the method of choice.

Another reliable examination method is the representation of the internal auditory
artery by means of the magnification angiogram. In order to recognise pathological
changes of these small vessels in case of acoustic neurinomas or hypacousis we
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started practising magnification angiography in frontal projection one year ago.
These examinations are performed by means of a 0, 1 mm focal spot tube with a
magnification factor of 3.

The internal auditory artery is optimally recognisable in its total extent. Displace-
ments or occlusions are clearly identifiable, also fine tumor vessels are easily
demonstrable.

In conclusion, the radiological procedure shall be described as it is carried out in
our department in each case of a suspected cerebellopontine angle tumor: the pre-
sence only of otological deficiency symptoms requires standard diagnosis with tomo-
graphy of the pyramid region. Subsequently cisternography with positive contrast
medium and finally magnification angiography of the internal auditory artery are
necessary.

If, however, additionally to the otological deficiency symptoms also neurological
changes occur following standard diagnosis with additional tomography cerebral
scintigraphy should be carried out. Magnification angiography of the internal audi-
tory artery is third-ranked and finally - if still necessary - pneumoencephalogra-
phy is indicated.
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Fig. 1. Gas-cisternography. Indentation of right cerebellopontine cistern by a
cerebellopontine angle tumor

Fig. 2. Pantopaque-cisternogram. Localized filling defect due to a tumor >
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Anomalies of the Arteries of the Caudal Brain Stem and
the Cerebellopontine Angle

E. HALVES

The cerebral arteries of 35 human brains were injected post mortally with a mix-
ture of barium sulfate, gelatine and malachite green. The specimens were studied
radiologically and macroscopically. By ligature of the Aa. communicantes posterio-
res the arterial vascular system of the posterior fossa could be demonstrated selec-
tively.

This report deals with:

1. Neurovascular correlations
2. Arterial anastomoses
3. Malformations

1. Variants in the development of the anterior inferior cerebellar artery (AICA)
and the internal auditory artery (IAA) and the topographical situation resulting from
it in the cerebellopontine angle.

The posterior inferior cerebellar artery (PICA) will take over the circulation area
of the AICA if its caliber is reduced, except for the cerebellar flake (Fig. 6). One
may often find a small branch of the AICA reaching the flake while its trunk com-

petes with the circulation area of the PICA. A very characteristical course of the

AICA consists in a looping around the VII. and VIII. cranial nerves at the internal
auditory meatus as well as a close contact to the abducens nerve notching it some-
times at its root.

The point of origin of the JAA will be found most commonly at the lateral third of
the AICA during its course through the cerebellopontine angle - especially when it
crosses the VII. and VIII. cranial nerves or at the top of the loop in or at the inter-
nal auditory meatus.

2. Anastomoses of the arteries of the caudal brain stem. The most extensive
anastomoses connect the superior and the inferior arterial group. These will be
generally small arterial branches or a network of arterioles on the surface of the
cerebellum. You can often find a bigger branch of the artery of the upper worm
anastomosing with an arterial branch of the lower worm artery (from PICA) whereas
contralateral anastomoses will be commonly small. A linkage of the inferior arte-
rial group among one another is not so important except a contralateral connection
across the lower worm and the roof of the IV.ventricle (Fig. 1).

3. Neurovascular malformations of the caudal brain stem. Figure 2 shows a forma-
tion of a vascular circle by the right vertebral artery. Part of the root of the hypo-
glossal nerve is surrounded by this arterial circle. There is another circular late-
ral anastomosis between the vertebral and basilar artery on the same side.

Those malformations represent a transitory stage of embryological development
demonstrated in figure 3. It illustrates the stage of caudal cerebral arteries seen
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at the 30th day of the embryological development (i. e.fetal length of ca. 6 mm).
The vertebral artery comes into existence developing from rostral to caudal.
Parallel with it there is still the so called '"primitive lateral channel" while the
segmental connections to the carotid artery and to the aorta are regressing. False
regulation in regression and development of the vertebral artery during the follow-
ing developmental phase will lead to abnormal courses or arterial circles around
the root of the hypoglossal nerve.

Figure 4 demonstrates a similar malformation of the left vertebral artery surround-
ing parts of the root of the XII. cranial nerve. Radiologically it appears like a
vascular island (Fig. 5). Persistence of primitive arterial channels may also lead
to partial duplication of the vertebral artery or large caliber circular anastomosis
between PICA and the vertebral artery (Fig. 6). The vertebral artery’ s caliber
rostral of the anastomosis may be reduced as demonstrated so that it continues as
PICA chiefly. In this case there is typical reciprocal caliber or the AICA extending
to the flake exclusively - but even here it gives off IAA in the cerebellopontine
angle.

The arterial variants reported are caused almost exclusively by disontogenesis.
They had not caused any clinical signs. They may gain practical importance during
posterior fossa surgery because of altered topography and circulation.

Fig. 1. Postmortal arteriogram demonstrating contralateral anastomosis across
the lower worm and the roof of the IV. ventricle
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Fig. 2. Vascular circle of
the right vertebral artery
surrounding part of the
hypoglossal nerve root.
Lateral anastomosis between
vertebral and basilar artery

Fig. 3. Development of the
vertebral artery and its

branches, (fetal length of
6 mm corresponding to the

30th day of the embryological

VY development)

Art, vertebralis cerebralis

inconstant connection to vertebral art.

Lateral vessel

Art, primitiva hypoglossi

Hypoglossal nerve

<

later art. cerebelli inf. post.

Art. occipit. post.

Art, vertebralis cervicalis
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Fig. 4. Part of the hypoglossal nerve root Fig. 5. X-ray picture of Fig. 4
penetrating the left vertebral artery

Fig. 6. Partial duplications of the left vertebral artefy - or large caliber
anastomosis with the PICA )



The Diagonal Distribution of Spontaneous Nystagmus
in Cerebellopontine Angle Tumors

P. C. PortHorrF

Nystagmus is - still - one of the most frequent concomitant symptoms in cere-
bellopontine angle lesions. Until now, different (6,7, 8) and own statistics (2) record
gaze nystagmus in up to 95 percent, and spontaneous nystagmus in up to 80 percent
of cases. It is to be expected, however, that newer methods of early diagnosis in
cerebellopontine angle tumors (HITSELBERGER and HOUSE, this congress (1))

will lead to such an early detection of brain-stem distant lesions in the cerebello-
pontine angle, that nystagmus may not be a concomitant symptom in some cases, and that
its frequency will become less in future statistics.

Nystagmus - under these aspects - cannot be considered an initial symptom in
cerebellopontine angle tumors. This does not, however, alter the importance of
the caloric test as an early investigation method in these lesions.

Predominant tumor remains the acoustic neurinoma in more than 80 percent of
patients, followed by an average of 4 percent each for meningiomas, cholestea-
toma resp. epidermoids, and vascular malformations (angioma, angioblastoma)
(unpublished statistics, POTTHOFF and KOERWER, of 181 surgically proven
angle lesions: 149 acoustic neurinomas, 8 meningiomas, 6 cholesteatomas resp.
epidermoids, 7 vascular malformations). The same arguments for early diag-
nosis - as described above (HITSELBERGER and HOUSE (1)) - hold true for

the expectance that the statistical frequency of acoustic neurinomas will become
higher in future collectives.

Early nystagmus findings in smaller cerebellopontine angle tumors (less than 2 cm
diameter) - minor signs of mainly contralateral spontaneous and/or gaze nystagmus,
and decrease of ipsilateral caloric response in acoustic neurinomas - are, even
today, not often seen by the neurosurgeon. In contrast to ENT-investigations giving
differentiated nystagmus gradings in cerebellopontine angle lesions (6,7, 8), the
neurosurgeon,as a rule,is still confronted with late nystagmus symptoms only.

This stage of late, or rather terminal nystagmus in cerebellopontine angle lesions
shows two characteristics to be demonstrated here. These characteristics emerge
preoperatively in larger cerebellopontine angle tumors as well as postoperatively
after extensive cerebellopontine angle surgery. They are

1. BRUNS-gaze nystagmus and
2. the diagonal distribution of spontaneous nystagmus.

(While BRUNS-gaze nystagmus has been well known for a long time, the diagonal
distribution of spontaneous nystagmus has been assessed for the first time in
1965 by POTTHOFF, PURCKHAUER and KORNHUBER (2) in a group of 16
operated larger acoustic neurinomas. )
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BRUNS-gaze nystagmus consists of ipsilateral slow and coarse, contralateral
rapid and fine gaze nystagmus (lateral compartments, Fig. 1).

The diagonal distribution of spontaneous nystagmus shows the following charac-
teristics of '"diagonal distribution' between upward and downward gaze in straight
forward direction: On upward gaze the contralateral spontaneous nystagmus
increases, on downward gaze it decreases or even reverses to ispsilateral nystag-
mus in exemplary cases (medial compartments, Fig. 1). Rotatory components are
frequent; they should not be mistaken for vertical or oblique nystagmus.

The incidence of both characteristics in our preoperative observations of - usually
larger - cerebellopontine angle tumors has been about 70 percent in recent years
(17 out of 25 patients).

Two individual examples are given (Fig. 2 and 3).

Neither BRUNS-gaze nystagmus nor the diagonal distribution of spontaneous
nystagmus are specific for the etiology of the lesion; they may also be observed in
vascular lesions (infarction of the brain stem). Therefore this nystagmus syndrome
does also not allow to determine if the lesion lies inside or outside the brain stem.

This nystagmus syndrome is, however, specific for

1. localisation of the lesion at the level of the cerebellopontine angle
2. lateralisation of the lesion
3. its phenomenology

1. The localisation value - especially of the diagonal distribution - is confirmed
by our nystagmus investigation of 41 operated cerebellar tumors (5). In that
group only 3 cases showed a diagonal distribution of spontaneous nystagmus:
Two patients after repeated lateral cerebellar operation for hemangioblastoma
resp. cerebellar astrocytoma, one patient after lateral teratoma operation, all
three cases with corresponding extension of the lesion towards the brain stem

at the cerebellopontine angle. - Case 2, in Fig. 3 of this publication, gives
additional evidence. In spite of the fact that this very large meningioma reached
far supratentorally, its nystagmus syndrome still preserved the above charac-
teristics of an extensive lesion at the cerebellopontine angle from where the
tumor protruded. -

2. The lateralisation of a cerebellopontine angle lesion is specified in this
nystagmus syndrome by the following rule: The lesion is contralateral to the
direction of spontaneous nystagmus on upward gaze in the '"diagonal distribution"
and contralateral to the fine and rapid, ipsilateral to the slow and coarse
component of BRUNS-gaze nystagmus.

The nystagmus syndrome of the diagonal distribution of spontaneous nystagmus
and BRUNS-gaze nystagmus,therefore,is one of the very few specific nystagmus
features in the brain stem. Among these, retraction and convergence nystagmus
in bilateral upper aqueductal lesions affecting the pretectal areas (3, 4), the above
nystagmus syndrome at the cerebellopontine angle, and - possibly, and not to be
discussed here - a further nystagmus syndrome in occluding lesions of the lower
fourth ventricle, have to be named (Fig. 4).
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-

Fig. 1. The "diagonal distribution of spontaneous nystagmus'' (medial compart-
ments): On upward gaze increase of contralateral spontaneous nystagmus, on
downward gaze decrease or abolition of the contralateral spontaneous nystagmus
or reversal to ipsilateral spontaneous nystagmus. BRUNS-gaze nystagmus (lateral
compartment): see text
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Fig. 2. Case 1 Acoustic neurinoma, left side: Spontaneous nystagmus directed to
the contralateral right side, increasing on upward gaze, on downward gaze
reversing to the left = Diagonal distribution of spontaneous nystagmus. (BRUNS-
gaze nystagmus coarse to the ipsilateral left side, less coarse and of higher
frequency to the right. - The crossed arrows indicate optokinetic nystagmus,
widely impaired to the right and left side.)
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Fig. 3. Case 2 Meningioma, right side: Spontaneous nystagmus directed to the
contralateral left side, increasing on upward gaze, reversing on downward gaze
to the ipsilateral right side = Diagonal distribution of spontaneous nystagmus
(BRUNS-gaze nystagmus more pronounced to the right tumor side than to the
contralateral left side. - The crossed arrows indicate optokinetic nystagmus,
widely reduced to the right side, moderately impaired to the left side and
downwards.)
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Fig. 4. Anatomy of specific nystagmus syndromes in the brain stem

AP = pretectal area

KBW = cerebellopontine angle

? = questionable nystagmus syndrome in occluding lesions of the lower fourth

ventricle (see text)

("Copyright the CIBA Collection of Medical Illustration by Frank H. Netter, M.D.")



The Value of Petrous Bone Exposures in STENVERS'
Position and of Brain Scanning in the Diagnosis of
Tumors of the Cerebellopontine Angle Region

H. STEINHOFF and V. OLTENAU-NERBE

Tumors of the cerebellopontine angle cause pathological changes in the petrous bone
in a high percentage of cases, which usually can be best recognized by X-ray exa-
mination in STENVERS’ view. The most frequent alteration in the petrous bone, as
caused by acoustic neurinomas, is the enlargement of the internal auditory canal
(IAC). For the early recognition of a pathological enlargement it is important to
know the physiological variations of the internal auditory canal. In the literature
different opinions are presented. Among others, CRABTREE (5) reported that a
difference of 1 mm in diameter of the IAC between the two sides is to be considered
as pathologic whereas CAMP and CILLEY (4) state that physiological variations
between the two sides may be as great as 2.5 mm. The opinions concerning the upper
margin of the physiological diameter of the IAC differ from 7 mm (9) to 11 mm (4).

Statistical evaluation of physiological variations of the internal auditory canal

Our own evaluation, based on 40 proved unilateral acoustic neurinomas and a group
of 100 normal patients, led to the following results: 39 of the acoustic neurinomas,
nearly 98 %, showed differences in diameter (Table I). In the normal group differen-
ces in diameter were found in 15 %, the largest being 1.5 mm. In 28 cases of acous-
tic neurinomas (70%) the difference was 2.0 mm or more, 4 cases (10%) showed a
difference of 1 mm and in 8 cases (20%) there was a difference of 0.5 mm or none.
Due to the statistical analysis using the t-test (STUDENT) a difference in diameter
of 2.0 mm is significantly pathologic. The same result has been reported by HOUSE
et al. (13) and by APPEL et al. (1). There is no question that a difference in dia-
meter of only 1 mm, accompanied by additional erosions in the petrous bone, is

also to be considered as pathologic.

In the normal group the diameter of the IAC varied from 3.0 to 9.0 mm (Table Ia).
In 77 % of the normal cases the diameter was between 4.0 and 5.0 mm. In the group
of 43 acoustic neurinomas (among them 3 cases with acoustic neurinomas on both
sides), diameters between 4.0 and 15.0 mm were found. A diameter greater than
5.5 mm occurred in 85 % of the cases in this group. The statistical analysis using
the t-test (STUDENT) led to the result that a diameter of 7 mm is significantly
pathologic.

Results of X-ray diagnosis in STENVERS’ view

Of 62 proved cerebellopontine angle tumors 44 (66%) showed pathological findings
in STENVERS’ view, tomography with the polytome in STENVERS’ position inclu-
ded (Table II). Pathological changes in the petrous bone were more frequent in the
group of 43 acoustic neurinomas (79%) than in tumors of other origin (53%). In
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Table I. Differences in diameter of the internal auditory canal between the two
sides in STENVERS’ view, statistical evaluation of 40 proved unilateral acoustic
neurinomas and 100 normal patients

Acoustic neurinomas Normal group
Number of cases with 39 15
differences in diameter (98 %) (15%)
Ave.rage difference 2.0 1.2
in diameter, mm
Greatest difference, mm 5.5 1.5
Smallest measurable 0.5 0.5

difference, mm

t =3.087 (STUDENT’S t=2.21)

Table Ia. Statistical evaluation of the diameter of the internal auditory canal in
43 proved acoustic neurinomas and a group of 100 normal patients

. Acoustic neurinomas Normal group
Average diameter, mm 7.1 5.2
Greatest diameter, mm 15.0 ) 9.0 (1%)
Smallest diameter, mm 4.0 3.5
Predominant diameter, mm > 5.5 4,0-5.0
(% of total number of cases) (85%) (77%)

t=4.5 (STUDENT’S t =1.960)

the group of acoustic neurinomas a pathological enlargement of the IAC occurred
in 72 % whereas this finding was seen in the group of other tumors only in 16 %.
Erosions within the internal auditory canal (Fig. 1) were more frequent in the
acoustic nerve tumors (33%) than in other tumors (5%). An erosion of the petrous
apex was found in the group of acoustic neurinomas in 18 %, but in 44 % of the
cases of other tumors. By the use of additional tomography with the polytome in
7 % of all cases more pathological findings could be achieved.

In the group of acoustic nerve tumors there was no correlation between the size of
the tumor and the degree of enlargement of the IJAC. Of the tumors with a diameter
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Table II. Pathological findings in STENVERS’ view in 62 proved cerebellopontine
angle tumors

Enlargement of . . Total number
. . Erosion of Erosion
Tumorgroup int. auditory etrous abex of IAC of pathol.
canal (IAC) P P findings
Acoustic neurinomas 31 8 14 34
n = 43 (72%) (18%) (33%) (19%)
Cerebellopontine
angle tumors 3 8 1 10
(Acoust. n, excluded) (16%) (44%) (5%) (53%)
n = 19
Total cases of
cerebellopontine 34 16 15 44
angle tumors (55 %) (26%) (24%) (66%)

n = 62

of more than 3 cm 23 % showed no enlargement of the internal auditory canal at all.
On the other hand 67 % of the tumors smaller than 3 or 2 cm in diameter showed

a significantly pathological enlargement of the IAC (Fig. 2). In the group of other
tumors we can state that a large erosion in the petrous apex was found only in the
presence of a large tumor, but that small changes in the petrous apex do not rule
out a large tumor in the cerebellopontine angle.

Concerning differential diagnosis our results led to the conclusion that a large
ballooning of the IAC is typical for an acoustic neurinoma whereas a large destruc-
tion of the petrous apex without enlargement of the JAC should lead one to suspect
a tumor of other origin,

Re sults of brain scanning

Brain scanning with 99m technetium as well as plain X-ray examinations of the
skull (including STENVERS’ view) are methods without any risk for an ambulatory
patient with clinical signs of tumor of the cerebellopontine angle. The question
arises as to what extent brain scintigraphy is of additional value in detecting tumors
of this region.

Brain scanning was performed on 41 patients with proved tumors of the cerebello-
pontine angle including 27 acoustic neurinomas. The results of scintiscanning were
compared with those obtained by X-ray examination in STENVERS’ view, tomo-
graphy excluded.

Of the 41 tumors 61 % showed positive results in the brain scan and 64 % showed
pathological changes in STENVERS’ view (Table III). In the group of 27 acoustic
nerve tumors the percentage of pathological findings was higher by means of skull
exposures in STENVERS’ position (78%) than by brain scanning (59%).
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Table III. Results of scintigraphy and X-ray examination in STE NVERS’ view in
the diagnosis of tumors in the cerebellopontine angle region

Scintigraphy STENVERS’ View
Tumorgroup
n pos. susp. neg. | n  pos. susp. neg.

Cerebellopontine 25 6 10 25 2 12
angle tumors, 41 39
total (61%)  (15%) (24%) (64%)  (5%) (31%)

. 16 4 7 21 0 6
Acoustic 27 27
neurinomas (59%) (15%) (26%) (78 %) (22%)
Cerebellopontine 9 2 3 4 2 6
angle tumors 14 12
(Acoust.n. (647) (33%)

excluded)

The frequency of positive results of brain scanning depends on the size of the tumor
in contrast to the pathological results in STENVERS’ view, which generally do not
necessarily depend on the stage of tumor expansion. That means, that small tumors
(<2 cm in diameter) and tumors smaller than 3 cm in diameter can be detected in
a higher percentage by STENVERS’ examination than by brain scanning. Of 8
acoustic neurinomas smaller than 2 or 3 cm in diameter, all of them showing posi-
tive results in STENVERS’ view, only one (greater than 2 cm in diameter) showed
a positive result in the brain scan. On the other hand, tumors of more than 3 cm

in diameter showed more positive results in the scintigram than in STENVERS’
examination. Of 19 acoustic neurinomas of more than 3 cm in diameter 79 % were
positive in the brain scan and 68 % were positive in STENVERS’ view (Table IV

Table I.V. Results of scintigraphy and X-ray examination in STENVERS’ view in
acoustic neurinomasinrelation to the diameter of tumor

Diameter of Scintigraphy STENVERS’ View
tumor
n | pos. susp. neg. pos. susp. neg.
<2 cm 4 - 1 3 4 - -
>2cm-3cm 4 1 1 2 4 - -
15 1 3 13 - 6
>3 cm 19
(79%) (5%) (16%) (68%) (32%)
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Table V. Results of scintigraphy and X-ray examination in STENVERS’ view in
tumors of the cerebellopontine angle region in relation to the diameter of tumor

Diameter of Scintigraphy STENVERS’ View
tumor
n | pos. susp. neg. pos. susp. neg.
€2 cm 4 - 1 3 4 - -
>2cm -3 cm 5 2 1 2 5 - -
21 3 6 16 2 12
>3 cm 30
] (70%) (10%) (20%) (53%) (7%) (40%)

and Fig. 3). Of all tumors of the cerebellopontine angle region larger than 3 cm
in diameter (n = 30 ) 70 % showed positive results in the scan and only 53 % had
pathological changes in STENVERS’ view (Table V).

In contrast to plain skull X-ray examination, including STENVERS’ projection,
brain scintigraphy makes it possible to estimate exactly the size of the tumor in
a high percentage of cases.

By the use of both methods the percentage of pathological findings can be improved
to 94 % in acoustic neurinomas and to 79 % in the group of the other tumors.

Summary

The results of X-ray examination in STENVERS’ projection of 62 proved tumors of
the cerebellopontine angle region, tomography with the polytome in STENVERS’
position included, are discussed. In 39 tumors the results of STENVERS’ examina-
tion, tomography excluded, are compared to those of brain scanning.

Brain scanning in addition to X-ray examination in STENVERS’ view is of great
value especially in the detection of larger tumors. By the use of both methods 94 %o
of the acoustic neurinomas and 79 % of the tumors of other origin can be detected.
In contrast to STENVERS’ examination brain scintigraphy enables one in a high
percentage of cases to make an exact estimation of the size of the tumor. On the
other hand, brain scanning is of no value in the early detection of small tumors of
the cerebellopontine angle region, as tumors smaller than 2 cm in diameter are
not revealed by this method.
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Fig. 1. Right acoustic neurinoma with severe enlargement of the internal auditory
canal plus additional erosion in the petrous bone tomography with the polytome in

STENVERS' projection

Fig. 2. Acoustic neurinoma
of about 2 cm in diameter
with severe enlargement of
the internal auditory canal;
tomography (Polytome) in
STENVERS' position
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Fig. 3. Right acoustic neurinoma of more than 3 cm in diameter. No significant
pathological findings in STENVERS’ view (diameter of the right IAC 5.5 mm, left
IAC 5.0 mm, no erosions). The scan shows the large tumor in the right cerebello-

pontine angle region



The Diagnostic Value of Brain Scan in Cerebello-Pontine
Angle Tumors

H. ALTENBURG and W. WALTER

Until a few years ago, the value of diagnostic isotope investigations for the detection
of tumors and other lesions of the cerebellum and the posterior fossa was
controversial because of technical difficulties and the anatomical peculiarities of
this area. Due to technical progress, the use of newer diagnostic isotopes, and
greater experience in interpretation in recent years, it has become increasingly
easier to allay the basic doubts expressed by many authors about the value of brain
scans in the diagnosis of infratentorial lesions. In the meantime thoroughly
satisfactory results have been achieved.

Our experience is based on 25 cases of tumors in the cerebello-pontine angle,
operated on during the last 3 years and confirmed by surgery and histology. 20 of
these were neurinomas and 5 meningiomas. The other rare types of tumor in this
localisation will not be considered here.

In all 25 tumors of the cerebello-pontine angle where the diagnosis was suspected
on the basis of the clinical, radiological and echoencephalographic findings, an
unequivocally pathological concentration of 99m Tc pertechnetate confirmed the
localisation and size of the tumor before further, more involved diagnostic
procedures were performed. Conclusions about the type of tumor could not be
drawn.

We are aware of the fact that smaller tumors, located primarily in the porus
acusticus can escape detection by scintigraphy. However, the tumors we diagnosed
could be clearly verified on the p.a.-scan as well as on the corresponding lateral
scan. Beyond this, large tumors could be recognized even on the p.a.-scans.

In every case vertebral angiography via the brachial artery was performed, and
in most cases central ventriculography with Dimer-X was also carried out in
order to confirm the diagnosis further.

Although vertebral angiography revealed indirect signs of an infratentorial lesion
in most cases, only 20% of tumors detected with the brain scan showed a corres-
ponding pathological vascular tumor blush. These were exclusively meningiomas
and unusually vascular neurinomas,

At ventriculography, the signs of tumor growth in the cerebello-pontine angle were
also only indirect and included lateral and upward displacement of the aqueduct,
as well as stenosis of the aqueduct.

Finally, it should be emphasized that brain scintigraphy is a genuinely valuable

addition to the diagnostic methods for detecting cerebello-pontine angle tumors.
Since it is harmless, it can be applied even before the use of contrast medium
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methods, in many cases on an ambulant basis, in order to confirm the typical
clinical syndrome, so that further, more stressful diagnostic procedures can even

be avoided in some high-risk patients. It is not suited for the early diagnosis of
such lesions.



Radio-Isotope Cisternography for the Diagnosis of
Cerebello-Pontine Angle Tumors

M. SUNDER-PLASSMANN+)

In 1972, MAMO and HOUDART described radio-isotopic cisternography as being
superior to conventional neuroradiological techniques in diagnosing cerebello-
pontine angle tumors down to a diameter of 1 cm. But the authors left aside the
results obtained with the STENVERS’ technique and with cisternography using
positive radiopaque substances, when assessing the merits of the isotope procedure.

To verify the diagnostic value of radio-isotopic cisternography we decided to
employ this technique on our material, that has, however, not included any tumor
with a diameter below 3 cm in the past 6 months on which radio-isotopic cisterno-
graphy could have been tried.

Method

100 mC '3'I-human serum albumin (RIHSA) were diluted to 2 ml in physiologic
saline solution and injected into the cisterna magna by sub occipital puncture.
Patterns were recorded with the Anger-Camera (Ph. Gamma III) in the exact
lateral and postero-anterior views with the head in maximum extension. Recording
was started immediately after application of the isotope and continued for 2 hours
at intervals of 15 to 20 minutes.

Material

Since December 1972, radio-isotopic cisternography was performed in 12 patients
showing symptoms referable to the cerebello-pontine angle. In all of them vestibu-
lar and cochlear function was either reduced or completely lost. The STENVERS’
technique and Pantopaque cisternography were added to the radio-isotope method
in all cases. The table shows the results obtained (Table I). Surgical findings were
added for comparison. In cases 1 through 4 the data of the diagnostic procedures
were found to correlate well with the surgical findings. In case 5, a patient with

a tumor, measuring more than 5 cm in diameter which had pushed the brainstem
far towards contralateral, Pantopaque cisternography failed. Attempts at visu-
alizing the tumor contour on the side affected and at introducing the radiopaque
substance into the contralateral porus acusticus wereunsuccessful.In case 6,an
arched contour typically seen in the tumors was visualized in the caudal section

of the right cerebello-pontine angle on Pantopaque cisternography. Radio-isotopic
cisternography, by contrast, showed an obstacle to isotope passage in the cisterna
magna area which was demonstrable for 24 hours. On surgery the cisterna magna
was found to be occupied by an arachnoidal cyst. Additionally, arachnoidal adhesions

*)\With technical assistance of Miss W.U.SCHUSTER

227



228

stjuod °QqaI9d BUIDISTD = DD ‘rulewr BUIdlST) = D ‘stjuod BUIalsid = 4D

- -Sau *8ou *3ou 21-01
*8au *8ou *3ou *3ou 6
Ax23ans 103 panpayss *3ou ND PuU®e 40D :I UoIsary *3au 8
ewodi x *sod *3au *3au 2
JND Ul 1SAD Teprouydeay 1 *sod D Ul yoorg *3au 9
PUWIOULINSOU DT}ISNODY TeI931elIq IBITOUN JND pue 40D :I uorsar] x *sod S
PUWIOUTINOU DIISNODY x sod dDD pue gD :I uorsar] x °sod ¥
PUWIOUTINSU DI}SNODY 1 *sod dD :1 uorsary 1 *sod ¢
PUWIOUTINSU DIISNODY x *sod d0D PuUe 4D I uUorsary x *sod Z
PWOUTINSU DI}SNODY 1 *sod d0D pue WD ‘dD '] uorsar 1 *sod 1

s8urpury reotdang AydealSouxals1do anbedojuedg Aydea8ouxaistd otdojostorpey onbruyoe) ,SUAANALS aseD

swojduihks o18ue sunjuod-orreqaiad yjim sjuatied z1 ur sSurpury reordans pue orysoulderqg °I 219l



229

were present in the area of the right cerebello-pontine angle. In case 7 Pantopaque
cisternography was the only technique to successfully visualize the tumor, a patchy
lipoma of the right cerebello-pontine angle extending a cylindrical tongue into the
porus acusticus internus. In case 9, a patient with atypical trigeminal neuralgia,
both neuroradiologic techniques and scanning failed to visualize any tumor. The
absence of a neoplasm was confirmed on surgery using the Dandy neurotomy
technique. In cases 10 through 12 none of the diagnostic procedures mentioned
revealed a tumor of the cerebello-pontine angle. Surgery was not attempted in
these cases.

In conclusion radio-isotopic cisternography is superior to the Pantopaque technique
in visualizing extensive tumors associated with lateral displacement of the brain-
stem. On account of arachnoidal adhesions Pantopaque cisternography often fails

to visualize the tumor contour, and the radiopaque substance can,at times, not be
introduced into the porus acusticus internus on the contralateral, intact side.
Minor tumors which do not reach far beyond the porus acusticus internus are
likely to escape radio-isotopic visualization. In these cases the Pantopaque tech-
nique combined with tomography is superior to the isotope procedure.

Where the clinical signs and symptoms are beyond doubt and distension of the porus
acusticus internusis verified radiologically, further diagnostic evidence is surely
unneccessary. But valuable information can be obtained both from the radio-
isotopic and the Pantopaque techniques on the extension of the tumor.

As radio-isotopic cisternography exposes patients to fewer stresses, it should
invariably be preferred to the Pantopaque technique.
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Duroliopaque Cisternography in Cerebello-Pontine
Angle Tumors (Abstract)

P. R. DORLAND, J. M. STERKERS, R. BILLET, and J. P. CHODKIEWICZ

During the past four years we have been using Pantopaque-Cisternography as a
routine procedure to identify cerebello-pontine angle tumors, mostly acoustic neu-
rinomas. Pantopaque Cisternograms are used for every patient with clinical symp-
toms or signs of acoustic tumor, except in the presence of increased intracranial
pressure.

The technique is very simple: 1 or 2 cc. of contrast material are introduced by
lumbar puncture; the head is then rotated and positioned to have the pantopaque
flowing into the posterior fossa under fluoroscopic control.

In normal patients, the auditory canal can be filled completely, while in case
of acoustic neurinoma, the canal cannot be filled and the contrast material
outlines the tumor in and outside the canal, depending upon its size.

We have performed more than 100 Pantopaque cisternographies with no incident;
the procedure which always lasts less than one hour, is well tolerated.
The results, as fas as the last 70 patients are concerned, are very encouraging:

In 25 cases in which the auditory canal could not be filled correctly there were
18 verified tumors in the angle (15 neurinomas and 3 meningiomas).

In six other cases the tumor was strictly within the auditory canal and almost
impossible to demonstrate by the usual radiological procedures.

In the last case of unfilled canal, the operation failed to identify a tumor.
In our hands, when properly performed, pantopaque cisternography has proved to
be a benign and faithful test to identify small tumors in the cerebello-pontine angle;

the procedure is of great help to the neurosurgeon inselecting the adequate approach
based on tumor size and extension.
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The Use of Vertebral Angiography in the Differential
Diagnosis of Cerebello-Pontine Angle Lesions

L. SYMON and B. KENDALL

In recent years, vertebral angiography has been increasingly used to provide de-
tails of the exact site and probable nature of posterior fossa tumors, in a fashion
similar to carotid angiography which has largely replaced air study as the defini-
tive neuro-radiological investigation in cases of supratentorial tumor. Angiography
has additional advantages in showing the relationship of the tumor to the major
blood vessels, which is helpful in planning surgery and, particularly if performed
under basal sedation, of carrying little risk of disturbance of intracranial dynamics.
In large posterior fossa tumors, it is less liable, therefore, to cause deteriora-
tion in the patient’ s state than encephalography or ventriculography. Vertebro-ba-
silar angiography in combination with plain film findings will usually give enough
information to make further neuro-radiological investigations unnecessary. This
view is illustrated by review of 30 recent cerebello-pontine angle masses in which
vertebral angiography was used to elucidate the clinical picture. The tumors, which
presented over the past two years in The National Hospital, Queen Square, and
Maida Vale Hospital, all had signs which made the diagnosis of a C. P. angle lesion
certain on clinical grounds. There were no cases in which the potential diagnosis

of a small acoustic neuroma was being considered and we do not necessarily use
angiography as the primary contrast study in such cases.

The 30 cases were 15 acoustic neuromas, 4 angle meningiomas, 2 trigeminal neu-
romas, 2 brain stem gliomas, 1 epidermoid tumor, 1 chordoma, 1 arachnoid cyst,
2 giant aneurysms of the basilar artery and 2 ectatic atheromatous vertebro-basilar
arteries presenting in the angle. Specific changes, erosion of the internal auditory
canals, was shown in the plain skull films of 13 of the 15 cases of acoustic neuroma,
but in only one of the four posterior fossa meningiomas, which had sclerosis of the
petrous bone. Both trigeminal neuromas showed apical petrous erosion with a
smooth edge highly suggestive of the condition; the chordoma, however, also showed
similar apical petrous erosion and such erosion is not of itself specific. Curvilinear
calcification was seen in one of the giant vertebro-basilar aneurysms and a slight
expansion of the posterior fossa, indicative of the presence of a large mass, was
seen in the case of the arachnoid cyst. In two of the acoustic neuromas, three of

the meningiomas and in the cases of brain stem glioma, ectatic arteries, epider-
moids and one of the aneurysms, the straight films of the skull were normal.

Any mass within the cerebello-pontine angle will displace vessels away from the
petrous bone. Small masses usually displace first the complex of veins running to-
wards the petrosal vein which passes from the lateral aspect of the pons to the su-
perior petrosal sinus. These are the descending brachial vein which frequently re_
ceives the lateral mesencephalic vein, the ascending vein of the lateral recess

of the 4th ventricle, transverse pontine veins and hemispheric veins from the ce-
rebellum. transverse pontine veins and hemispheric veins from the cerebellum.
Fig. 1 shows the normal disposition of these veins on the right side and the com-
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plex of veins (arrow heads) displaced away from the petrous bone on the left side

by a moderate-sized acoustic neuroma. It should be noted that the displacement of
the veins, although curvilinear, does not of itself necessarily outline the maximum
circumference of the lesion and that the tumor may be considerably larger than the
displacement of the veins suggests. If the mass is large, it will displace the vessels
adjacent to the anterior or lateral aspects of the brain stem posteriorly and/or me-
dially. It may cause an increase in the distance between vessels on the anterior and
posterior surfaces of the brain stem by flattening it due to compression from one
side. An intrinsic brain stem mass may cause similar findings in the lateral pro-
jection, but usually expands the transverse diameter also and separates the brain
stem vessels in the antero-posterior plane also. The use of vertebro-basilar an-
giography in differential diagnosis depends upon assessment of all the vascular dis-
placements. In an endeavour to suggest the direction in which growth has occurred.
The presence or absence of a pathological circulation and its source of filling will
also provide an indication of the character of the lesion.

The acoustic neuromas: This group of tumors forms the largest proportion of any
series of angle lesion, and presents fairly typical features on ertebro-basilar an-
giography. In our own series, 10 of the 15 cases showed pathological circulation of
a consistent type. An example is shown in figure 2. The pathological circulation of
an acoustic neuroma is typically patchy, is usually filled from small branches of
the anterior inferior cerebellar artery, and in the capsule there are often early
draining veins. These will usually outline with accuracy the surface of the tumor and
when present are the best guide to its size and extent. The anterior inferior cere-
bellar artery is typically displaced posteriorly and superiorly, the former being
evident in the Townes and the latter in the antero-posterior view. Not infrequently,
the AICA may be displaced only superiorly and more rarely inferiorly, the patterns
of its distribution depending very much on the height of origin of the vessels from
the vessel from the basilar artery. Fig. 3, for example, is an antero-posterior pro-
jection in which the antero-inferior cerebellar arteries (large arrowheads) show
different displacements by bilateral acoustic neuromas. The tumour on the left si-
de displaced a small branch of the AICA running on the lateral aspect of the brain
stem (small arrow) medially, but did not affect the normal course of the main ar-
tery or its hemispheric branches. The larger tumour on the right side elevated the
AICA and sisplaced a hemispheric branch around it. The superior cerebellar artery
is also elevated (arrowhead). This was a young lady with neuro-fibromatosis in
whom both tumours were successfully removed with preservation of the facial ner-
ves. If very large, the mass may so indent the brain stem as to pass behind the
basilar artery, carrying the anterior inferior cerebellar artery of the affected si-
de across the midline before running back on the posterior aspect of the tumour.
The vertebro-basilar appearances of a moderate or large acoustic neuroma are vir-
tually diagnostic.

Trigeminal neuroma: The two trigeminal neuromas in this series were both large
lesions and the displacement of the vessels seen in these circumstances is again
characteristic. Pathological ciruclation was not a feature of either of these le-
sions. Although, if present it is usually from the meningo-hypophyseal trunk of

the carotid artery. Classically, the trigeminal neuroma displaces the veins of the
angle from the upper part of the petrous bone, and laterally indents the upper brain
stem, separating the anterior inferior cerebellar artery which is bowed inferiorly
or if the tumor is very large, even directly medially from the superior cerebellar
artery which is commonly stretched upwards and medially. The posterior cerebral
artery itself may also be similarly displaced. The tumor pushes the lateral mesen-
cephalic vein posteriorly and increases the space between it and the anterior ponto-
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mesencephalic vein. The posterior and lateral mesencephalic veins are also dis-
placed medially. A typical trigeminal neuroma is shown in fig. 4, in which the
small arrowhead indicates the superior cerebellar artery, the medium arrowhead
points to the AICA and the large one to the superior cerebellar artery.

Meningiomas of the angle: These may present a pathological circulation which
aids appreciably in diagnosis. It is usually derived from the meningeal branches

of the carotid arteries and is homogeneous and tends to persist in the venous pha-
se, in contrast to the patchy more rapid circulation of an acoustic neuroma. The
meningioma also tends to encircle vessels in the upper part of the angle, and in
this respect resembles basal meningiomas elsewhere, where suspiciously straight
or suddenly narrowed portions of major arteries suggest the presence of an encirc-
ling meningioma. Such findings were evident in two of the four angle lesions in the
present series, where the posterior cerebral and internal carotid arteries were
shown to be involved in the tumor on preliminary angiography.

Tumors of the brain stem: Intrinsic brain stem tumors presenting with masses in
the angle may occasionally cause difficulties in pre-operative diagnosis. The verte-
brobasilar angiogram shows splaying of some vessels around the brain stem, due to
expansion of both the sagittal and transverse diameters, in addition to the displa-
cement of the vessels in the cerebello-pontine angle.

Chordoma: The chordoma in the present series displayed an apical petrous erosion
on the straight films and displacement of the AIC and superior cerebellar arteries
suggestive of an apical petrous mass, such as a trigeminal neuroma. In this in-
stance, the irregular pathological circulation sometimes seen in chordomas was not
in evidence, and the angiogram could not be regarded as having given specific in-
formation as to pathology.

Cholesteatoma: This avascular lesion is often a flat plaque in the angle causing on-
ly a slight displacement of the vessels away from the petrous bone over a wide ex-

tent. The shape of the lesion and absence of circulation should suggest the diagnos-
is.

Arachnoid Cyst: These avascular lesions in the cerebello-pontine angle are often
extensive and multilocular and may pass through the tentorium into the interpe-
duncular and parasellar regions. They frequently expand the adjacent part of the
skull. The extentof displacement of the vessels with the posterior cerebral and
superior cerebellar carried upwards and medially, anterior inferior cerebellar
medial and the posterior inferior cerebellar depressed, together with complete
avascularity in the capillary phase of the angiogram, lead to consideration of an
arachnoid cyst in our case. This patient had originally been regarded as a case of
communicating hydrocephalus and had had a ventriculo-caval shunt inserted in
childhood without detailed neuro-radiological studies. The presentation of a cere-
bello-pontine angle lesion syndrome in the fifth year of life, despite revision of
the shunt, led to detailed investigation and the removal of the benign arachnoidal
cyst with complete cure.

Vascular lesions: These are directly elucidated by vertebro-basilar angiography.
In the present group of cases, two ectatic vessels in the angle were present, both
of which had presented with tinnitus, a partial deafness and cranial nerve palsies,
in one instance involving the 7th nerve alone, in the other instance involving the
5th, 7th and 9th as well as the 8th. Exploration of these lesions is not as a rule in-
dicated, unless for trigeminal pain, and the use of vertebro-basilar angiography
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will, therefore, avoid purposeless operation. Giant aneurysms of the basilar ar-
tery or giant ectatic basilar arteries are also not amenable to surgery. One of
the present cases presented with 9th cranial nerve palsy, together with a cere-
bellar syndrome. Air encephalography elsewhere had shown a very large mass in
front of the brain stemm and in the angle. Vertebral angiography confirmed this
mass to be the largely thrombosed giant sac of a basilar aneurysm which involv-
ed the whole length of the basilar artery irom the vertebral junction to the ori-
gin of the posterior cerebral arteries. Exploration in this case, which would have
been of no value and might possibly have been dangerous, was avoided by the use
of angiography.

Summary

It appears to be a characteristic of European neurosurgery that cerebello-pontine
lesions have reached a fairly large size by the time of presentation to the neuro-
surgeon. We do not claim that in the case of small lesions of the angle vertebral
angiography will give unequivocal diagnostic results, but in moderate or large-
sized angle lesions the site of the tumor has been localised correctly in every
case, its size accurately outlined in over 80 % of cases, and its pathological na-
ture suggested from pathological circulation or other findings in the majority of
these cases. Subtraction studies were routinely performed, but magnification which
further enhances the value of vertebral angiography was not used in the small ser-
ies.,
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Fig. 1. (see text)

Fig. 2. (see text)
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Fig. 3. (see text)

Fig. 4. (see text)



Chapter V.

Surgery of Cerebello-Pontine
Angle Tumors



Experiences and Results with the Translabyrinthine
Approach and Related Techniques (Abstract)

W. E. HiTseLBeRGER and W. F. HOusE

Since 1963,the authors have collaborated in carrying out over 600 explorations of
the cerebellopontine angle for various types of tumors. During this period of time,
there has been a gradual evolution in the surgical approaches to this area. Initially
there were considerable limitations placed on the translabyrinthine approach, i.e.,
it was felt only suitable for use in small tumors. However, with an increase in our
understanding of this tumor we have been able to apply this operation for even large
tumors. This has resulted from primarily an improvement in instrumentation, the
use of the operating microscope and high speed drills and certainly the increasing
experience of the surgeons. However, we have felt that these techniques are of no
value if they cannot be taught to other physicians; instead of being the type of oper-
ation that will be perpetuated and will be used, the}} become more of a stunt or even
an experiment if the physicians who originated them, cannot teach them to other doc-
tors. It is our hope that the techniques that have been developed in this area, will
continue to be used and even improved upon by others who have taken up this type of
work.

These authors willdiscuss the results of their surgery as regards mortality and mor-
bidity, especially preservation of facial nerve function. Appropriate movies will be
used to demonstrate the different surgical problems that one encounters in this
region.
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Experiences and Results with Posterior Approaches
(Abstract)

C. G. DRAKE

The surgical treatment of acoustic neuroma has reached the stage when it is not
a question whether the facial nerve can be saved, but rather that it should be
saved or reconstituted in the posterior fossa during total removal of large (and
small) tumors except in unusual-circumstances.

In a series of 51 large tumors, 14 were completely removed and the facial nerve
could be saved or reconstituted in all but nine cases which were chiefly early
in the series (Table I).

Table I. Acoustic Neuroma - 55 Cases - Fate of Facial Nerve and its Function
Tumor No. Excel-
Size Procedure Cases lent Good Poor
Large Intracapsular
Removal 7 7
C7 sacrificed 9 9
C7 saved 27 s 10 gt
Total Extrapetrous
removal graft 4 3 1
Intracranial
anastomosis
of C7 8 5 3
Small Total
removal 4 3 . 1
+)

4 deaths with post-operative clots early in series

++) 2 too recent to assess

Excellent = No mass movement

Good = with mass movement
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The four deaths occurred early in the series, all from postoperative clots after
the patient had come around from the procedure initially,

The extrapetrous grafts were done early in the series. There will be little need
for this method in the future as it is possible now either to save the whole nerve
or, where it is frayed or incorporated in the capsule, toanastomose the elongated
pontine and meatal segments in the posterior fossa.

Only four small tumors have been seen and there was no problem with preservation
of the facial nerve and its function, except in one case where the tumor was
peculiarly en plaque and invading the petrous bone. The future lies in the early
recognition of these tumors when the problem will be to preserve useful hearing.

A reassessment of the posterior fossa technique will be given emphasizing the
features for preserving or reconstituting the facial nerve in the total removal
of large tumors.



Surgical Reconstruction of Intracranial Lesions of
Cranial Nerves

F. Loew and R. KIVELITZ

In only a few cranial nerves is direct intervention possible on the nerve itself to
alleviate intracranial lesions. This is totally impossible for those cranial nerves
which actually are brain appendices such as the olfactory and optic nerves. To
the best of our knowledge, attempts at nerve suture or anastomosis of the oculo-
motor nerves have never been made*’; perhaps because their path, in the sinus
cavernosus, is not accessible to operative approach and their other intracranial
paths are reached only with difficulty. Perhaps also owing to the extremely
differentiated interplay on the reacting organ, the eye muscle coordination, makes
a satisfactory result after nerve suture, unlikely. Yet the possibility exists that
merely no one has been interested in this problem. Whatever the case may be, up
to now, one had to be satisfied in cases of functional loss of the third, fourth and
sixth cranial nerves with a positional correction of the eyeball using surgical
manipulation of the eye muscles, primarily an ophthalmological domain with
which neurosurgeons are usually not confronted and therefore excluded from this
report.

Furthermore, we know of no attempts at reconstruction after lesions of the stato-
acoustic nerves as well as following intracranial lesions of the caudal cranial
nerve group. As the extracranial lesions of cranial nerves are not directly
related to our topic, we have not taken into consideration individual .successes

of extracranial nerve sutures, transplantations and neurolysis following lesions
of the last three cranial nerves, as well as of trigeminal defect-bridging in
connection with oral surgical procedures and the reconstruction of the extra-
cranial portion of the facial nerve following injuries and operation in the ‘facial
region.

Thus, our report restricts itself to reconstructive measures in cases of intra-
cranial lesions of the trigeminal and facial nerves.

It is certainly easier to eliminate a trigeminal neuralgia by cutting off the nervus
trigeminus than to attempt a reconstruction, although it may be indicated. To the
best of our knowledge, SAMII has been the only neurosurgeon to date reporting

on a successful trigeminal reconstruction through nerve transplantations.

A boy with post-traumatic optical nerve functional loss on the one side and
trigeminal functional loss on the other was reported on. Because of the trigeminal
lesion and resultant trophic disturbances, a cloudiness of the cornea of the
healthy eye was observed. On account of this, the first corneal transplant was
+) . . .
Meanwhile Prof. Yasargil told us that he sutured in one case the oculomotor
nerve which had been damaged during the operation of an aneurysm. The nerve
function partially recovered.
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unsuccessful. Here the restoration of corneal sensibility was prerequisite to a
repeated attempt at corneal plastic. MILLESI and SAMII, using an autologous
nerve transplant, connected the major occipital nerve to the ophthalmic.nerve,
reporting that five months thereafter, the trophic disturbances regressed.

We are convinced that after treatment of trigeminal neuralgia, a similar indication
for this operative procedure is occasionally present, then namely, when accidently
the first trigeminal branch is damaged causing desensibilisation of the cornea of
the only eye, or when the patient is employed such that the eyes are particularly
susceptible to foreign bodies. Similar situations are seen after operation of
cerebellopontine angle tumors, when the trigeminal root cannot be preserved. In
any event, future cases of this nature will be treat ed by us in the manner described

by SAMIIL,

As opposed to the trigeminal nerve, where the possibility of connective restoration
has just recently been discovered and the indications for which must first be
adopted, the reconstructive problems of facial nerve function have concerned
neurosurgeons since 1898. At that time, FAURE first reported a nerve anastomosis,
the accessory-facial nerve anastomosis frequently employed even nowadays.
Depending on the school, neurosurgeons today prefer the one or other type of
nerve reconstructive plastic, as a rule either the accessory-facial nerve or
hypoglossal-facial nerve anastomosis. There appears to be, at least among
German neurogurgeons, agreement on the fact, that if no possibility for recon-
struction of the facial nerve continuity through direct suture or nerve transplant
exists, the anastomosis with other nerves has the prerogative for a plastic
surgical reconstruction of facial symmetry. We are convinced that the anastomosis
usually gives good results; the patient is thereby satisfied, and naturally, the
neurosurgeon too. Depending on the intensity of training adequate involuntary
symmetric mimic can be learned additionally to the restoration of a symmetric
resting muscle tone and to voluntary nervous control over the mimetic musculature.
In this manner, Mr. KIVELITZ and I prepared this discussion with the somewhat
pessimistic feeling that nothing new would be presented. Let me make clear in
advance that we underestimated this topic and surprisingly found ourselves in a
position to revise a number of otherwise unreflected assumed opinions. We, in

any event, have learned from preparation of this paper.

We, neurosurgeons, are mostly confronted with the question of facial nerve re-
construction in conjunction with cerebellopontine angle tumors. We, therefore,
wish to handle the problem from this viewpoint. Regarding Mr. MIEHLKE’ s
report, we consciously excluded traumatic facial nerve paralysis in connection
with skull-base fractures.

That even the best nerve suture, transplant or substitution plastic is not nearly
as good as the primary maintenance of facial nerve continuity, does not need
further mentioning, As Mr. DRAKE clearly demonstrated in his report, we must
strive to attain results approximating his own excellent ones.

If maintenance of nerve continuity is not possible, the best results can be obtained
by direct facial nerve suture in the cerebellopontine angle as DRAKE de monstrated
as a possibility, or facial nerve plastic after DOTT. In DOTT’ s procedure, an
autologous transplant is sewn onto the central stump of the facial nerve root and
positioned near the mastoid process, where it is connected again to the facial
nerve. The intra-temporal course of the facial nerve is thus bypassed. The

results are positive as, among others, DOTT, DRAKE and myself have shown
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and also yield a satisfactory involuntary mimic. Our experience has shown that
through this plastic-surgical technique, the operation time is lengthened by
approximately one hour. This is by no means detrimental with good anesthesia,
from the patient’ s viewpoint. In our last operation of this type, the surgical

team was exchanged after the removal of the tumor, for the sake of operative
efficiency. This tactic is for me recommendable. Unfortunately, the prerequisite
maintenance of a central stump of the facial nerve root on the pons for DOTT’s
plastic technique is only seldomly present so that in most instances other methods
of facial nerve plastic must be sought.

Other possibilities include, on the one hand, the anastomosis of the facial nerve
to another nerve, and on the other hand, a plastic-surgical procedure for recon-
struction of the facial symmetry, non-dependent on the reinnervation of the
mimetic musculature.

Reviewing the literature regarding nerve anastomosis, besides the well-known
accessory-hypoglossal anastomosis, three other reinnervation processes can be
found: use of the glossopharyngeal nerve, anastomosis with the platysmal facial
nerve branch of the healthy side using an intermediate autologous nerve transplant,
and anastomosis with the phrenic nerve.

Only one report by WATSON-WILLIAMS in 1927 concerning the glossopharyngeal-
facial nerve anastomosis could be found. By right, this technique has found no
imitation, although at that time, the reinnervation of the mimetic musculature
was successful. Swallowing difficulties are occasionally observed after cerebello-
pontine angle tumors, if the.glossopharyngeal nerve is unintentionally injured,
such complications being avoided if other possibilities exist.

Unfortunately, I cannot say much concerning the reinnervation by means of the
opposite facial nerve. We were orly able to locate a brief report in the popular
medical journal '""Medical Tribune'', and it has not been possible to date, to
obtain the original work. Principally, it is conceivable to conduct symmetric
mimetic impulses from a platysmal branch of the healthy side to the paretic
facial nerve via nerve transplant, however, a quantitative problem is present
in this case. The number of neuraxons and corresponding innervation impulses
from the small donator facial nerve branch is inadequate for a truly symmetric
innervation.

As opposed to this, it seems to us that the phrenic-facial nerve anastomosis is
unfortunately too little known. It was discussed in 1957 by HARDY, PERRET
and MEYERS. Besides that, we were able to locate a Russian report in 1962
over a series of 110 cases. The results of this procedure seem to compare
favorably with the later discussed accessory-facial nerve and hypoglossus-
facial nerve anastomosis. However, the disadvantages inherent in these proce-
dures, the hemi-atrophy of the tongue and/or a reduction in strength of the
muscles supplied by the accessory nerve are avoided. In spite of this, a hemi-
lateral diaphragmatic paralysis must be acceptable. This is, however, as ex-
tensive experience connected with pulmonary tuberculosis has shown, functionally
insignificant. In 20 - 30% of the cases of phrenic nerve disconnection, continu-
ing kinesthetic disturbances of the diaphragm are not even to be observed. With
a degree of reservation, as my own experience is limited in this method, I must
state that based on the literature, if an operative reinnervation of the mimetic
musculature using another nerve is decided upon, the phrenic-facial nerve
anastomosis is preferable to the accessory or hypoglossal anastomosis.
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According to the literature, facial nerve anastomosis with the accessory or hypo-
glossal nerve are comparable with respect to the restoration of the facial nerve
function. In 2/3 to 3/4 of the cases good to satisfactory facial innervation is
attained. These figures correspond to our own follow-up study of 14 cases with
facial-accessory nerve anastomosis, which, without exception, lead to reinner-
vation of this region.

In both methods, the donator nerve function must be sacrificed; that is to say,
one must accept a disturbance of the tongue mobility with hemi-lateral atrophy,
or at least the loss of one sternocleidomastoid muscle.

Trapezius loss can be prevented, if, after the technique described by COLEMAN
and WALKER in 1950, only that portion of the accessory nerve is used for ana-
stomosis which supplies the sternocleidomastoid muscle and preserves the nerve
portion supplying the trapezius.

However, what does the classification '"good to satisfactory' function of the nerve
anastomosis mean for the patient?

To answer this question, we not only undertook critical analysis of the literature,
but also carried out detailed follow-up examinations of our own cases. To prevent
misunderstandings, I repeat that all anastomoseés inour series are functioning,
yet the objective results remain in sharp contrast to the level of patient satis-
faction and our thereby subjectively induced and recollected impressions to date.

It must clearly be stated that even the best results are objectively unsatisfactory.
Although nerve anastomosis restores the restingfacial symmetry in many cases,
no one, no matter how differentiated and vain the personality, can learn a truly
symmetric, comparable to the norm, involuntary mimic.

Symmetric innervation of the mimetic musculature is more or less possible for
brief periods of time with concentrated attentiveness and great momentary effort.
As soon as the attention is concentrated elsewhere, the symmetry is lost and the
mimic, mirror of the soul, is distorted.

This is, in advantageous cases somewhat more, in many cases unfortunately less,
than is attainable by plastic-surgical procedures. These have the distinct advantage,
as opposed to nerve anastomosis, that no other nerve with its function must be
sacrificed for questionable results.

From all these results, it could be concluded:

1. In cases of simultaneous homolateral trigeminal lesions, the patient is not in
the position to relearn usage of the mimetic musculature after a reinnervation
through nerve anastomosis. In such cases, plastic-surgical correction is in-
dicated over every other form of nerve anastomosis.

2. The facial-accessory nerve anastomosis is contra-indicated when
a) the homolateral upper extremity is affected,
b) the affected patient requires the full strength of his shoulder girdle in his job
c) during the operation, lesions of the caudal cranial nerve group occurred,
d) a2 homolateral trigeminal loss is present.

3. The facial, hypoglossus anastomosis is contra-indicated when
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a) operation produced lesions of the caudal cranial nerve group,
b) in patients with homolateral trigeminal loss and
c) patients requiring speech in their employment,

The facial-phrenic anastomosis is contra-indicated
a) in the infrequent cases of reduced pulmonary function
b) in patients with homolateral trigeminal loss.

The phrenic facial nerve anastomosis should be preferred to the aforementioned

procedures.

The results of skilled plastic-surgical treatment are frequently better than
poorly functioning nerve anastomosis.
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Advances in Surgery for Acoustic Neurinoma (A Synopsis)

H. Kraus, F. Bock, V. GRUNERT, and W. Koos

Radical surgery has always been the ultimate objective of any operative treatment
in cases of acoustic neurinomas. The degree of radicality obtainable depends on
various factors, including the size and localization of the tumor and, more
prominently, its orientation and relationship to adjoining structures, particularly
the brainstem. But the obtainable radicality is decided by the surgical technique,
the choice of a suitable anesthesia, an optimal view of the surgical field and an
optimal access to the tumor by appropriate positioning of the patient. We should
like to report on some modalities developed in the Vienna clinic for the purpose
of advancing the radicality of acoustic neurinoma surgery.

Since 1958, 147 operations for acoustic neurinoma have been performed on 128
patients. In 23 cases surgery was done for relapses or as a secondary procedure
in bilateral tumors. The patients’ age ranged from 13 to 73 years, the average
being just below 50.

From 1958 to 1964, 55 patients were operated on in a prone position. A sitting
posture was adopted in 1964 and applied in 32 cases until 1969. From 1969
onwards we have opted for a lateral position, which was applied in 34 cases. The
surgical microscope was first used in 1971 and has since been employed in 26
patients, some undergoing surgery in a sitting and some in a lateral position.

The table clearly documents that results were poorest with the patients in the

prone position, while they improved considerably when we opted for a sitting
posture. With the patients sitting there is, however, the danger of major variations
in blood pressure in terms of a BP drop. In addition, air embolism may necessitate
overpressure anesthesia. Both these untoward effects are excluded in the lateral
position. Beyond that, the lateral position offers the best access to the tumor, as
the cerebellum automatically drops backwards and is thus not exposed to pressure
by the surgical instruments. As in the other positions, the surgical microscope

can be used without obstacles.

The introduction of the surgical microscope and the use of bipolar coagulation
marked the most recent advances in surgery for acoustic neurinomas.

Prior to employing these techniques we had felt that postoperative mortality was
mainly due to the size and localization of the tumor. However, this is not con-
sistently so. As seen from the reports by various co-workers of our clinic, the
postoperative course is decided by the functional blood supply of the brain stem,
while the tumor size will only be of influence in terms of mechanical interference
with brain stem function. With the aid of the surgical microscope important
vessels, including minor arteries, can almost invariably be identified. The
significance of preserving the brain stem circulation is documented by the fact
that of our 23 cases we did not loose a single patient.
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The surgical microscope helped in preserving the facial nerve in 19 cases. Attempts
at preservation failed in 7 patients, because the fasicles were split up by the tumor
mass.

Temporary facial palsy persisted for weeks to months in 14 cases with preserved
facial nerve. In 4 patients motor function was fully retained, while complete
facial palsy persisted in one case in spite of a mac roscopically intact nerve.

This brief synopsis was meant to illustrate the progress made in recent years
with modified techniques and advanced instrumentation, such as the surgical
microscope. Acoustic neurinomas initially dreaded as most dangerous, have thus
lost much of their horrors. With painstaking, technically adequate surgery they
range, in fact, among the tumors that offer the best prospects for operative

treatment.

THE POSITION OF THE PATIENT AND THE RADICALITY OF THE OPERATION

(quotations between brackets: postoperative mortality)

Position Number of Total Subtotal
all operations removal removal

Prone 1958-1964 55 (13) 4 (1) 51 (12)

Sitting up 1964-1969 32 ( 4) 14 (2) 18 ( 2)

Recumbent

lateral 1967-1969 34 (3) - 28 (2) 6 (1)

Microsurgery 1971-1973 26 (O) 23 (0) 3(0)

Total 147 (20) 69 (5) 78 (15)




Microsurgical Experience in Surgery of Acoustic
Neurinomas (Abstract)

M. G. YASARGIL

During the last 6 years (1967-1973) 120 patients have been operated on at the
Kantonsspital Zurich; 40 small tumors (1,0 - 2,5 mm diameter) were operated
on in the ENT-Department by Prof. U. Fisch. In 25 cases, during the trans-
labyrinthine exploration, the tumor was found to be larger than anticipated by

the preoperative neurological and radiological investigations; in these cases

the tumor was partially removed and the facial nerve was dissected in the meatus;
4 - 7 dayslater a suboccipital exploration was performed at the neurosurgical
department and the tumor radically extirpated.

In 55 cases the primary suboccipital-transmeatal approach allowed radical excision
of larger tumors, which was carried out at the neurosurgical department. After
having some unfavourable experience with patients in the prone position in 1967,

the author prefers the sitting position of the patients during surgery; the head is
tilted forward and slightly turned to ipsilateral side and fixed with the Mayfield-
Kees headholder. This position provides ideal visualization and facilitates the
surgical manipulations of the procedure with only slight retraction of the un-
congested cerebellar hemisphere.

The applied microtechnique allowed a remarkable decrease of the mortality and
morbidity rates.
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Experiences in Microsurgery of Acoustic Neurinomas
(Abstract)

W.T. Koos, F.W.Bobck, and S. SALAH

The use of the operating microscope for modification of the classical suboccipital
removal of cerebellopontine angle tumors has now advanced to the point where
acoustic neurinomas, from the small intracanalicular lesions to the more common
giant tumors may be most reasonably resected by this technique. At the Neuro-
surgical Department in Vienna, 24 cases of acoustic neurinomas have been sub-
jected to microsurgery since 1971. In 20 cases we were dealing with unilateral
neurinomas, while multiple tumors consistent with von Recklinghausen’s disease
were found in the cerebellopontine angle bilaterally in 4 patients. In 20 cases

the angle tumor measured more than 4 cm in diameter, only in 4 patients were

we dealing with 2 to 3 cm tumors.

A two-stage procedure was used only once toremovean extremely large unilateral
tumor. In bilateral cerebellopontine angle tumors, the larger tumor was ex-
tirpated first, while the contralateral process was attacked about 2 to 3 weeks
following the initial intervention.

In 73%ofthe patients the facial nerve was fully preserved. Postoperative facial
weakness due to manipulation on the stretched and greatly thinned nerve was in-
variably found to disappear provided nerve continuity was preserved. Where
anatomical preservation of the facial nerve failed, hypoglossal-facial anastomosis
was performed 4 to 8 weeks following primary surgery. Complete deafness of the
involved side was present after these large lesions were removed totally, but
deafness was total already preoperatively in 82 of our cases.

For all procedures performed during the past 18 months a special method of

controlled arterial hypotension has been used which permits to work in a surgical
field virtually free from bleedings.
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Critical Observations Concerning the Diagnosis and
Clinical Features in 100 Cases of Tumors in the
Cerebellopontine Region

G. THOMALSKE, |. KIENOW-RIEG, and G. MOHR

The 100 non-selected cases studied comprised:

- 69 acoustic neurinomas
- 13 meningiomas

- 6 epidermoids

- 5 gliomas

- 7 different tumors

(1 chordoma, 1 chondroma, 1 fibrosarcoma, °1 LINDAU-tumor,
2 carcinomas, 1 case without histological examinations)

The average duration of the case histories as shown in Fig. 1 was shortest in
gliomas (average 4.8 months), increasing further in the following sequence:
meningiomas (3. 3 years), acoustic neurinomas (4.5 years) up to the epidermoids
(10. 4 years).

In analysing the symptomatology we differentiated between the initial symptom
(i.e. the very first symptom noticed by the patient), the other early symptoms
(i.e. further symptoms occurring early during the course of the disease) as well
as the late symptoms of the fully developed clinical syndrome just before or at
the time of hospital admission.

Fig. 2 shows the four initial symptoms most commonly noticed inthe patients

in their relative distribution among the various space occupying lesions. Impairment
of hearing, which occurs relatively often as initial symptom, was most commonly
noticed as such by patients with neurinomas, epidermoids and meningiomas.
Incoordination , on the other hand, manifested itself as the first symptom only

in the patients with epidermoids, and tinnitus only in patients with acoustic
neurinomas.

The most diversified spectrum of the initial symptoms occurs in the cases of
acoustic neurinoma, whereas the number of the various symptoms manifesting
themselves initially was less in the other tumor cases (Fig. 3). There were
considerable fluctuations in the relative distribution of the various symptoms
depending on the stage of the illness, as seen in Figs. 4 and 5 in neurinomas and
meningiomas. When comparing the percentage distribution of the cochlear and
vestibular signs in the fully developed clinical syndrome we found it equal for both
in each tumor group (acoustic neurinomas, meningiomas, epidermoids and the

7 different tumors, except in gliomas where there was a predominance of vestibular
symptoms over hearing disturbances. See Fig. 6 for the distribution of symptoms
in acoustic neurinomas and meningiomas. Symptoms of the trigeminal nerve were
more often found in acoustic neurinomas than in the other tumor types. Caudal
nerve signs were most frequent in meningiomas. Brain stem symptoms involving
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the long tracts (disturbances of sensibility, reflex activity and motility, spastic
signs, urinary bladder symptoms) as well as bulbar speech were relatively
frequent in acoustic neurinomas, but even less than in the other tumors.

In space occupying lesions of a certain size neuroradiology is the most important
diagnostic method, whereas in cases of small and smallest tumors the results of
the ENT examinations, especially the negative recruitment, can often be of
conclusive value even in cases where the other symptoms and investigation findings
are not yet definitely helpful. Nevertheless, with the necessary experience,
especially the positive contrast cisternography can be of immense help in the
diagnosis of even the smallest tumors.

Unfortunately the otologic diagnosis was often impracticable because of the presence
of marked intracranial hypertension or vertigo. 80-100% of our patients already
had signs of raised intracranial pressure by the time of hospital admission. Es-
pecially early otological examinations could of course enable an optimal diagnosis
and lead to earlier operations.

So it is not surprising that only 39 audiograms with 14 recruitment-diagnosis
were of any value, since for example 12 patients who were already unilaterally
deaf could not be examined by this method. In 10 of the above-mentioned 14 cases
the recruitment was negative, thus proving a retrocochlear lesion. In a larger
statistical study PERTUISET (3) stated that recruitment was negative in 80% of
acoustic neurinomas whereas it was positive in 90% of MENIERE’ s disease.

We have also had cases in whom the most important early diagnostic criterium
was a negative recruitment, thus enabling the definite early diagnosis and early
operation of tumors of smallest size. In a former publication by our clinic the
reduction of the warm water irrigation reaction during vestibularis investigation
was shown also to be an early sign of vestibular impairment.

Nevertheless it must be emphasized that negative recruitment does not occur only
in acoustic neurinomas, and that on the other hand in rare cases even positive
recruitment can occur in acoustic neurinomas. Even acoustic impairment may be
absent, as reported by ALVING (1) in a case of acoustic neurinoma of 4 x 5 x 6 cm
size. Table I shows the frequency of relevant neuroradiological findings in the
different tumor groups (in plain films, vertebral angiograms and PEG). The value
of plain film diagnosis cannot be overemphasized. Because of the small number of
gliomas we cannot, of course, claim statistical significance for this group.

In neurinomas the EEGs with unilateral focal signs showed ipsilateral manifestations
twice more frequently than contralateral ones. However, the unilateral ipsilateral
focal signs comprised only one seventh (1/7) of all the pathological EEG findings

in all the tumor cases (Table II).

It is worth mentioning that we found an increased albumin content in the CSF in
about 82% of our neurinoma cases whilst this occurred only in somewhat more
than 1/4 (= 27.65%) in the other tumor cases, i.e. in some of the meningiomas,
the fibrosarcoma and a carcinoma. All the epidermoids and gliomas were not
accompanied by an increased albumin content in the CSF.

In conclusion, we must admit that in our patients, unfortunately, for the above-
mentioned reasons, the modern cochleo-vestibular examination techniques and
finer neuroradiological contrast methods had not been exhaustively employed for
the early diagnosis of small and smallest cerebellopontine tumors. It appears
necessary to continue emphasizing the importance of such methods for finding
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Table I. Relevant neuroradiologic findings

vertebral
plain films angiogram PEG
Neurinomas 76,9 % 33,3 % 63,6 %
Meningiomas 61,5 % 28,6 % 44,4 %
Epidermoids 60,0 % 20,0 % 25,0 %
Gliomas 66,7 % (0] %o 50,0 %
Various tumors 83,3 % 50,0 % 50,0 %
Table II. E E G
v various
Neurinomas Meningiomas Epidermoids Gliomas tumors
N = 69 46 9 5 4 5
ipsilat. focus 6 1 1 2
(13,0%) (11,1%) (20,0%) 40,0%)
bilat. pathol. waves 6 1
ipsilat. predominant (13, 0%) (25,0%)
contralat. focus 3 1
(6,5%) (25,0%)
bilat. pathol. waves 3 1
contralat. predominant (6,5%) (11,1%)
bilat. pathol. waves 6 2 1 2 1
(13, %)  (22,2%) (20,0%) (50,0%) (20,0%)
pathol. EEG 9 1 2
without focus
(19,7%) (11,1%) (40,0%)
normal 13 4 1 2

(28,3%) (44,4%) (20, 0%) (40,0%)
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these small tumors, in order to improve the operative prognosis. The collaboration
between the general practitioners, otologists, neurologists and neurosurgeons must
be intensified. Only then can it be expected that enough patients will come to the
surgeon long before intracranial hypertension has become a life-endangering
complication with an unfavorable influence on the prognosis.
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Fig. 3. Initial symptoms

1 Hearing diminution 8 Incoordination

2 Tinnitus 9 Cephalea

3 Vestibular symptoms 10 Vomiting

4 Trigeminal symptoms 11 Trouble of vision
5 Abducens symptoms 12 Fits

6 Facial-nerve symptoms 13 Weakness of

7 Symptoms of caudal group extremities
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Operations and Results in 102 Tumors of the
Cerebellopontine Angle

H. FRommMm, H. Hur, and M. SCHAFER

A non-selected series of 102 tumors of the cerebellopontine angle region is
presented. These tumors were operated on by several surgeons of the Neuro-
surgical Clinic of the University Hospital at Frankfurt/Main. In all cases the
diagnosis was verified histologically:

74 Acoustic Neurinomas
18 Meningiomas

7 Cholesteatomas

2 Chordomas

1 Fibrosarcoma

As shown above, about three quarters of all cases were acoustic neurinomas. We
feel it essential to point out that the majority of these patients operated on was
admitted in a rather advanced state, frequently with symptoms of a markedly
increased intracranial pressure. Most of the tumors had a diameter of at least

3 to 4 cm.

In such cases intracranial pressure was lowered by ventricular tapping before
opening the dura. All patients were operated on in a lateral position. As usual,
for smaller tumors, a direct approach was obtained by a suboccipital trepanation
measuring 3 x 3 cm. As the postoperative recovery may be seriously influenced
by a reactive edema of the brainstem and the pons, in large tumors a prophylactic
decompression of sufficient size was performed in the atlanto-occipital region,
including a dura graft.

It is well known that in large tumors, even when microsurgical technique and
electrical stimulation are combined, it is not always possible to identify and

to preserve the facial nerve. In some cases where the structure of the facial
nerve seemed to be intact, its function gradually diminished within a few days
postoperatively. Full function of facial nerve could be preserved in 40% of our
acoustic neuromas. In cases of lost facial function an anastomosis between facial
nerve and accessory nerve performed after a latency of about 3 months led to
fair or satisfactory results.

The usual postoperative treatment including fluid, electrolyte and blood gas
balance needs no special mention. The use of a gastric tube in preventing
aspiration and in early detection of stress-ulcer-bleeding is important. Hyper-
thermia should as far as possible be avoided, since it favours the development

of brain swelling. If necessary, the normalisation of temperature is accomplished
immediately by simple cooling methods such as ice-packs and ventilators. If
there is prolonged insufficient vigilance during postoperative period, we prefer

to shorten this state by giving such patients Pervitin. No unfavourable side effects
have been noted. If necessary, tracheostomy is promptly performed.
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The operati¥e results in acoustic neurinoma are as shown in the Table below:

i

100%
20%

Neurinomas operated 74
dead 15

1.-10 postop. day 11.-20. postop. day up to 130 postop. days
12 2 1

cause of death

central 7
pulmonary embol. 4 pulmonary embol. 2
myocardial infarct. 1 marasm 1

It is remarkable that the cause of death in more than one half of the lethal cases
was not central. Even during the first 10 postoperative days autopsy showed
massive pulmonary embolism in 4 cases and acute myocardial infarction in one.
The occurrence of pulmonary embolisation was apparently favored by long periods
of preoperative bedrest at home or other hospitals. In other words, only 10% died
as the result of the operation. It should be emphasized however, that 80% of the
patients who died were older than 50 years.

In 6 cases there was a recurrence of the tumor after an average interval of 5
years. These reinterventions took place under rather unfavorable circumstances
(usually as an emergency). This is the reason for the high rate of mortality

(4 patients).

In cases of meningioma and cholesteatoma we almost always found extremely
large tumors with corresponding surgical risk, leading to the rather high mortality
of 25%.



Preservation of the Facial Nerve in Acoustic Neurinoma
Surgery (Abstract)

I. M. vAN DER WERF

Preservation of the facial nerve in acoustic neurinoma surgery has become a
challenge to both the otologist and the neurosurgeon. Since these tumors can now
be detected at an early stage,when they are relatively small,on the one hand,and
since microscopic techniques became available,on the other hand, the facial nerve
can be saved in an increasing number of cases. In a consecutive series of 19
patients and 21 neurinomas - two patients had bilateral tumors - the facial nerve
could be preserved anatomically 11 times and functionally 7 times. Technical
details concerning the possibilities as well as the limits of surgery are discussed
and illustrated by a movie.
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Crossed Cranial Nerve Anastomosis for Re-Innervation
of Muscles Supplied by the Facial Nerve

V. GRUNERT and M. SUNDER-PLASSMANN

In lesions of the facial nerve following extirpation of cerebello-pontine angle tumors
the best results are undoubtedly obtained by direct anastomosis of the facial nerve
ends, if preserved, or by Dott’ s operation, if only the cranial nerve end is
available. We have never had an opportunity of performing any of these two
techniques, as the remaining nerve ends in all of our cases proved to be unsuitable
for direct anastomosis. Consequently we were compelled to resort to cross anasto-
mosis for re-innervation of the facial muscles in those cases where the facial
nerve was injured intraoperatively.

Between 1967 and 1973 we attempted re-innervation of the facial muscles by cross
anastomosis following removal of a cerebello-pontine angle tumor in a total of

32 patients. In 14 cases the accessory nerve was used, in the remaining 18 the
facial nerve was conneeted to the hypoglossal nerve. Almost all patients presented
satisfactory results within 6 to 9 months postoperatively. These were already
reported in September 1972 in Vienna.

Time does not permit a detailed account of our material. Instead, we will try to
highlight some specific problems involved. In the literature, hypoglossal anasto-
mosis is claimed to produce better results than accessory anastomosis, These
findings were confirmed by our experience in as far as we found re-innervation
potentials in the cheek muscles to recur considerably earlier when the hypoglossal
technique was employed. But we have now come to opt for routine anastomosis
with the accessory nerve, since the long-term results are apparently the same as
for the hypoglossal technique and functional loss of the muscles supplied by the
accessory nerve is apparently better tolerated by the patients than paresis of the
tongue muscles.

Hypoglossal-facial anastomosis is performed in sporadic cases if pareses of the
muscles supplied by the accessory nerve can be expected to constitute a vocational
handicap for the patient, The case of a contrabass player whom one would probably
enjoy listening to, though not watching, is an appropriate example.

Another problem is encountered in cases where the tumor can be removed under
the surgical microscope with preservation of facial nerve continuity, but the post-
operative electromyogram shows loss of nerve function. We have come across one
such case, After attempting conservative treatment for one year, we ultimately
performed cross anastomosis. Intracranial reconstruction of the nerve was not
considered in this case due to the high risk involved in re-craniotomy and since
identification of the functional facial nerve segments in the cerebello-pontine angle
appeared to be impossible.
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Facial Paralysis Secondary to Skull Fractures
New Approaches in Management (Abstract)

A. MIEHLKE

Facial paralysis following skull fracture or penetrating lacerations is occurring
more frequently in clinical practice. Accordingly, the surgeon has had to adapt
his diagnostic skills in order to allow immediate facial nerve repair when indicated
as well as elaboration of regional plastic or reconstructive surgery,when required.

Both longitudinal and transverse fractures of the base of the skull may cause facial
nerve injury. Nerve lesion occurs inl0-25% of patients with longitudinal fractures,
but increases to 30-50% of patients with transverse fractures. Of the total number
of nerve lesions, 75% of early lesions and 90% of late onset lesions will resolve
without medical intervention. However, it remains to be defined which group will
require operative care.

Indications for decompression of the facial nerve in early phases of injury at the
Gottingen E.N.T. Department are based on the transcutaneous nerve excitability
test. This test becomes significant four days following injury, thus allowing

clinical stabilization of the injured patient. A greater than 3,5 milliamp side
differential in nerve stimulation or progressive limitation of nerve function indicates
irreversible nerve injury, and the need for operative intervention.

Discussion will elaborate upon the pathology of facial nerve lesion, as well as
early and late management of the involved lesions. Stress will be placed on the
various surgical means available for repair of intra-temporal nerve injuries,
particularly as related to injuries of the nerve within the internal auditory canal
and its intralabyrinthine segment. Examples will include injuries subsequent to
bone splinters, lacerations as well as traction-lesions of the nerve. Note will be
given to the role of regeneration fibers passing through the greater superficial
petrosal nerve inhibiting normal regeneration of facial motor-fibres, and
appropriate management of this problem by rerouting of the VIIth nerve.
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Cerebello-Pontine Angle Arterio-Venous Malformations
(Abstract)

C. G. DRAKE

Large AVMs of the brain stem have been considered to be inoperable because of
the conception that they are embedded in the brain stem. Surgical experience with
three cases suggests that may not always be the case.

The AVMs appeared to lie in the pons and cerebello-pontine angle in two cases and
in the other to occupy one-half of the midbrain. Each patient had a severe neuro-
logical deficit as the result of multiple hemorrhages. As a result of an operation
designed to clip feeding vessels in a critically ill boy of 14, it was found that the
AVM could be completely removed from the surface of the pons, midbrain, cranial
nerves and cerebello-pontine angle. His recovery has been virtually complete
except for unilateral deafness.

Similarly, a larger AVM including a peripheral AICA aneurysm sould be totally
removed from the surface of the pons, cerebellar peduncle and angle in a 21 year
old woman. In the last case, the AVM which appeared on angiography to be in the
midbrain actually lay on the lateral surface, the crus and the interpeduncular
fossa. In these two cases, there has been to date only mild improvement of their
severe pre-existing neurological deficits.

This experience suggests that in some cases AVMs seeming to lie within the brain

stem are actually on the surface alike to most spinal AVMs and may be totally
removed without great jeopardy to the integrity of the brain stem.
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Cerebellopontine Angle Meningiomas
O. WILCKE

The most common cerebellopontine angle tumors are acoustic neurinomas and the
second most common are meningiomas. Acoustic neurinomas are about 7 to 10
times more common than meningiomas; then follow gliomas which extend into the
cerebellopontine angle, and cerebellopontine angle epidermoids are about half as
common as meningiomas.

From our data of 55 infratentorial meningiomas (Table I) observed during the last
ten years in our hospital under comparable diagnostic conditions, cerebellopontine
angle meningiomas were, after tentorial meningiomas which extended into the supra-
tentorial or infratentorial region, the second most common amounting to 31%. Most
of the patients were female (71%). It can be seen from the larger surveys in the
literature that cerebellopontine angle meningiomas (Table II) are the most common
among meningiomas in the posterior fossa, and 42% of the meningiomas are petrosal.
Unlike acoustic neurinomas, meningiomas are not always found in the same place
and therefore their effects on neighbouring formations differ.

Table I. Incidence and sex distribution of 55 infratentorial meningiomas

Localisation s % J ?_
Tentorium 25 45 8 17
Ce rebe.lla r 7 13 2 5
convexity
Cerebellopontine 17 31 5 12
angle
Clivus 3 5 1 2
IV. Ventricle 1 2 1
Multiple Meningiomas 2 4 2
55 16 39
29% 1%
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Table III. First symptoms of cerebellopontine angle neurinomas and meningiomas

Cerebellopontine angle

Neurinomas Meningiomas

Number of cases 234 45
Impairment of hearing 45% 17%
Tinnitus 6%

Disturbance of equilibrium 15% 11%

N. V disorder 6% 7%

N. VIII disorder ) 2%

Headache 11% 40%
Intracranial pressure 3% 13%

Table IV. Clinical symptoms of cerebellopontine angle neurinomas and meningiomas

Acousticus- Cerebellopontine
Neurinomas angle Meningiomas
Number of cases 234 45
Cochlear disorder 96 % 1%
Vestibular disorder 80% 64%
Disorder of N, IV 33% 25%
N. V 74% 547
N. VI 61% 25%
N. IX 16%
N. X 6% 25%
N. XII 10%
Intracranial pressure 66% 75%
Motor and sense disorders 25% 22%

Psychic disorders 19% 10%




269

Although clinically cerebellopontine angle tumors are all similar, there are speci-
fic criteria which enable a diagnostic prediction about the type of tumor. There is,
first of all, a significant observation to be made here with regard to the first
symptoms and their frequency (Table III). I am basing my observation here in part
on a survey of 234 acoustic neurinomas by REMBOLD and TONNIS (7). Whereas
impairment of hearing is the most frequent initial symptom (42%) of acoustic
neurinomas, it is the first symptom of cerebellopontine angle meningiomas in only
17% and the most frequent first symptom (40%) is a continuing headache - usually
at the back of the head. A continuing headache is the first symptom in only 11% of
neurinomas. Signs of intracranial pressure were four times more frequent in cases
of meningioma than in cases of neurinoma.

The average time of evolution for cerebellopontine angle meningiomas is 3, 6 years,
but short evolutions of about 6 months are more frequent than in cases of other
meningiomas of the posterior fossa. The average evolution time for acoustic neuri-
nomas is 4, 6 years according to REMBOLD and TONNIS (7).

The most frequent clinical symptom (Table IV) of cerebellopontine angle meningi-
omas is papilledema and increased intracranial pressure, which is found in 75%

of the cases, more often than with acoustic meningiomas. Then follow symptoms
of the eighth brain nerve; these are the most significant symptoms for acoustic
neurinomas, where cochlear disorder is almost always observed. The other brain
nerves, especially the trigeminus and facialis are more often affected by neurino-
mas than by meningiomas. Altogether it is more usual to find several brain nerves
affected with acoustic neurinomas than with cerebelloponine angle meningiomas,
although according to the findings of LECUIRE and DECHAUME (2) and also to a .
certain degree our own observations, damage to the contralteral trigeminus is,to

a certain extent,indicative of cerebellopontine angle meningiomas, and this can lead
to a false localisation.

The protein content of the CSF is of considerable diagnostic value. The protein
content was over 50 mg% in only 15% of the cerebellopontine angle meningiomas

but in 97% of the neurinomas. The average protein content was 46 mg% for menin-
giomas and 146% for neurinomas. For cerebellopontine angle epidermoids,
arachnoiditis and metastases protein values of higher than 50 mg% are almost never
encountered.

Isotope investigations can be of geat diagnostic help in recognizing cerebellopontine
angle meningiomas. Meningiomas increase the activity more than neurinomas but
to different extents (Fig. 1) and a correct diagnosis of the type of tumor was
possible in 60% of the cases investigated and a correct localisation was possible in
all cases.

X-ray evidence of intracranial pressure - secondary elargement of the sella or
decalcification - is found in about 45% of cerebellopontine angle meningiomas and
thus more commonly than in other cerebellopontine tumors. An expansion of the
porus acusticus internus, however, is found in about 60-80% of acoustic neurino-
mas but in only 20% of the cerebellopontine angle meningiomasg. *

Clear destruction of the petrous pyramid or changes in the calcium structure was
radiographically verifiable in 35% of cerebellopontine angle theningiomas. Calci-
fication of the tumor is very rare.
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Encephalography or ventriculography need only rarely be used to substantiate a
clinical diagnosis. A view of the cerebellopontine angle cisterns (Fig. 2) or the
arachnoidal regions (Fig. 3) can give more conclusive evidence of a cerebellopon-
tine angle tumor than the inconclusive evidence from a view of the displaced fourth
ventricle (Fig. 4).

Angiographic evidence of cerebellopontine angle meningiomas is less characteristic
than with meningiomas in other locations. Usually there is no tumor flush typical
of meningiomas and from a vertebral angiogram (Fig. 5) one can only conclude

that there is a tumor from the vascular displacement (Fig. 6). The raising of the
superior cerebellar artery and the fact that the basilar artery runs close to the
clivus are the most obvious pieces of evidence. Sagittal views (Fig. 7) also often
show a clear raising of the posterior in the arterial phase and a pathological course
of the superior cerebellar artery. It is often the case that a carotid angiogram
(Fig. 8) shows small vessels leading from the internal carotid to the cerebellopon-
tine angle and this is evidence of a meningioma, especially when a vascular hilus

is to be seen.

Without wishing to go into details of surgical technique, the literature and our own
experience show a surgical mortality of 30-40%.. ZOLTAN and collaborators (8)
were able to demonstrate what CUSHING had already observed with a small number
of patients namely that partial removal of cerebellopontine angle meningiomas is
associated with a considerably higher mortality than total extirpation. Thus a
clarification of the type of tumor involved seems desirable before an operation is
planned. Contrast medium methods are not suitable for this. A combination of
clinical features - sex, typical first syndrome, investigation of the CSF, displace-
ment, damage to the brain nerves and radiographic and scintigraphic evidence
enable us to clarify to a large extent, as I have tried to show, what kind of tumor
is involved.
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Fig. 1. Positron-scan of a left sided cerebellopontine angle meningioma

Fig. 2. Displacement of the cerebellopontine cistern in a case of a left sided
cerebellopontine angle tumor



272

Fig. 3. Meningioma in the cerebellopontine covered by an arachnoidal air cap

Fig. 4. Displacement of the 4th ventricle in a pontine angle meningioma
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Fig. 5.
Vascular displacement by a
cerebellopontine meningioma

Fig. 6. The A, basilaris runs close to the clivus; the A. cerebelli superior is
dislocated medially and is elevated
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Fig. 7. Sagittal view: The A, cerebri posterior is lifted; the A. cerebelli superior
is dislocated medially and its hemispheric branches are distended

Fig. 8. Some small vessels orginating from the infraclinoidal part of the carotid
siphon running towards the cerebellopontine angle



Intra- and Postoperative Complications in
Cerebello-Pontine Angle Tumors and Their Relation to
the Patients’ Position, Type of Ventilation and Cranial
Nerve Lesion

R. ENzENBACH, U. SwoziL, A. v. MEER, E. JAUMANN, and R. SCHMIDT

During the past 8 years, 72 tumors of the cerebello-pontine angle were operated
on. In Table I all cases are listed with regard to their histopathological diagnosis.

Table I. Histopathological findings in 72 cerebello-pontine angle tumors

histopathological diagnosis number of cases
acoustic neurinoma 51
meningeoma 10
epidermoid 4
metastasis 2
LINDAU -tumor 2
melanoma 1
ependymoma 1
spongioblastoma of cerebellum 1

The relatively high incidence of intra- and postoperative complications is related
to the difficulties inherent to the surgical approach to this part of the brain. Best
known,in this regard,is the relation of the patients position during surgery and the
intraoperative blood loss (Table II).

In the prone position, which was used in 9 cases during 1965 and 1966, the mean
blood loss amounted up to 2500 cc. About the same quantity was lost in 12 patients
in the lateral position with the trunk slightly elevated: 2480 cc, whereas, in the
sitting position, intraoperative blood loss could be considerably reduced to a mean
of 480 cc. In 26 patients, that is more than 50% of all cases who were operated on
in the sitting position, no blood transfusion was required and therefore the risk of
hepatitis is considerably decreased, which according to GRUBER (1) occurs in
7-12% of all transfusions with a mortality rate of 10%. The superiority of the
sitting position is thereby clearly demonstrated. Anyhow, the loss of time needed
for fixation of the patient, is of no importance for an operation lasting about 4 hrs.
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Table II. Blood loss as related to different positions during operation

number of cases position blood loss (in cc)
51 sitting 480 (100-1700)
12 lateral 2480 (350-9700)
9 prone 2500(1000-6000)

From the sitting position, however, air embolism may result as a serious compli-
cation. When introducing this position into our clinical practice, there were 2 such
incidents. In one patient, air entered via an opened sinus during incision of the
dura; in the other patient, air embolism occurred from a bone vein during trepa-
nation. There were no more cases of air embolism, since intermittent positive
pressure (IPP) ventilation has been applied throughout, from the incision of the
skin until preparation of the tumor is started. When using this technique, there
seems to be no need for an additional catheter, prophylactically introduced into

the right atrium.

It has been, and still is, a matter of discussion between neurosurgeons and neuro-
anesthesiologists whether to use spontaneous breathing or artificial ventilation at
the time of preparation of the tumor, particularly when the tumor lies close to

the brainstem. When the patient is breathing spontaneously, there might be a rise
of the endexpiratory CO2- content up to 8%, thus leading to a concomittant increase
of the cerebral blood flow which,in turn,may enhance the development of brain
edema. Supporting the spontaneous breathing by manual assistance, on the other
hand, is of little advantage only, because this will result in an intra-thoracic
pressure rise. Moreover, it had been shown by OROSZ (2) many years ago, that
irregulatories of the ventilatory stimulus are generally preceded by those of the
circulatory system. Therefore respiratory disturbances seem to be of less
significance during preparation of the tumor. In good agreement with this, we have
never observed isolated intraoperative disturbances of the respiration without
progressive disturbances of the circulatory system. For this reason, we have
recently used controlled ventilation with positive-negative-pressure changes during
the time of the tumor preparation. In addition, special attention is paid to cardiac
function; including ECG control on an oscilloscope, acoustic signaling of the pulse
frequency and monitoring of the arterial and venous blood pressure,

Cardiac arrhythmias were found to be the most often among the intraoperative
complications, resulting in a drop of blood pressure in 17 patients, while in only
5 patients an increase of blood pressure was found.

All of the cardiac arrhythmias were found to occur during the preparation of the
tumor. Most frequently, in 44 cases, bradycardia was found (Fig. 1); less often
other forms of cardiac and circulatory disorders were detected: tachycardia - 8
cases -, extrasystoly presenting as sinus arrhythmia or ventricular premature
contractions - 26 cases -, bigeminus - 9 cases -, or often combined forms - 36
cases (Fig. 2). With only one exception, all arrhythmias could be controlled
within the time of the operation. Usually, a normalisation of the cardiac rhythm
was found to occur after the tumor had been removed or could be obtained by drug
therapy. However, when cardiac arrhythmias reoccurred during the early post-
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Table III. Frequency of cardiac- and circulatory disorders in 72 cerebellopontine
angle tumors

bradycardia 44
premature contractions 26
drop of blood pressure 18
bigeminus 9
tachycardia 8
rise of blood pressure K
cardiac arrest 1
combined forms 36

operative course - 3 cases with tachycardia - this seems to be indicative of a poor
prognosis. It should be mentioned that none of the 72 patients died during surgery.
Intraoperative disturbances of heart and circulation by far outnumber the respi-
ratory disturbances. There were only 3 instances with shortlasting episodes of
cessation of respiration, during the time when supported spontaneous ventilation
was used: an 8-year-old boy, operated on because of a spongioblastoma of the
cerebellum, could be transferred on the 20th postoperative day in good condition,
although he had been on a respirator for 6 days following the operation. The other
case was a 64-year-old man with an acoustic neurinoma. He showed good recovery
and could be discharged 33 days later. The third case, however, a 5l-year-old
woman, operated on for a metastasis, died on the 3. postoperative day from
bleeding and brain swelling.

More specific problems, related to cerebello-pontine angle surgery, arise from
those postoperative complications which are due to a partial or total - mostly
transitory - palsy of the basal cranial nerves. Palsy of the facial nerve, being
primarily of cosmetic interest, how to prevent it and how to restitute its function,
has been the subject of many of the preceding papers. From the anesthesiological
point of view, however, dysfunction of the vagal nerve is of much greater signifi-
cance because impairment of swallowing and loss of sensibility of the glottis and
the trachea may result in aspiration-pneumonia, which still represents a major
problem during the postoperative course. Besides the cases of aspiration
pneumonia, there is also one case with lung abscess in our material. On the other
hand, since the sensibility of the glottis and the trachea is diminished, these patients
tolerate tracheal intubation well for an extended period of time. The endotracheal
tube ist not removed until the patient is fully responsive. In this material, we have
never observed gulping or straining, which has to be carefully avoided in order to
prevent bleeding. The patient is put in bed in an upright position, at least during
the 1. postoperative day. In some cases, prolonged intubation, as described above,
was continued for 2-4 days; in one patient for a total of 6 days. Tracheostomy,
when necessary, is usually performed on the lst postoperative day. Only in few
cases, tracheostomy was performed following a period of prolonged intubation.
Artificial ventilation is only required in patients showing signs of severe pulmonary
dysfunction.
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Another serious complication, as seen in 2 patients, is due to increasing stridor
following extubation. In the lst case, a 47-year-old man operated on a right-side
acoustic neurinoma, a bilateral palsy of the recurrent nerve was found on the 8th
postoperative day. The vocal cord on the right - the side of the operation - was
diagnosed to be in the paramedian position with the left vocal cord being in the same
position, revealing only slight movements (Fig. 3). The patient was immediately
intubated with a nasal tube, thereafter a tracheostomy was made and artificial
ventilation was applied for the next 20 days. During this time, there was a good
restitution of recurrent nerve function, first seen on the contralateral side, later
also on the side operated on. The patient could be decannulated on the 44th post-
operative day. He was able to feed himself. The other case, a 49-year-old woman,
had a plum-sized acoustic neurinoma on the left side. When the fully responsive
patient was extubated postoperatively, she started to develop an increasing stridor
early the next morning (Fig. 4). After the diagnosis of a bilateral paresis of the
recurrent nerve had been established, a tracheostomy was performed. Again, in
this patient - she is still in hospital -~ there is now good evidence of recovery of
nerve function. Electromyographic study (EMG) of the sternocleidomastoid muscle
revealed a complete loss of spontaneous activity and of fibrillation on the left side,
indicating paresis of the accessory nerve. No pathological signs were found in the
right side. These findings are strongly suggestive of an intraoperative involvement
of the intracranial part of the vagal nerve, where both the vagal and the accessory
nerve are closely joined. Involvement of the contralateral vagal nerve is probably
best explained by postoperative brain swelling and subsequent shifting of the brain
stem. In both patients, periods of bradycardia were observed during the operation
which could be easily corrected by application of atropine (Fig. 5).

Conclusions

The advantage of the sitting position during posterior fossa surgery is well known.
It was the aim of this report to focus the interest on postoperative complications

in cerebello-pontine angle surgery. By using prolonged intubation or early
tracheostomy, whenever required,and artificial ventilation, these complications can
be treated successfully., Finally, careful pre- and postoperative evaluation of basal
cranial nerve function is of paramount importance for early recognition and
immediate treatment of certain postoperative complications.
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Fig. 2. ECG standard recordings and respiratory CO,-trace during removal of

an acoustic neurinoma in a 40-year-old man. Note the development of irregularities,
starting with ventricular extrasystoles (second graph from top) and transition to
manifestations of polytopic excitations (third graph from top) probably elicited by
brainstem stimulation. Immediate and spontanous recovery at the end of the
manipulations in the cerebello-pontine angle (lowest graph) '
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Determination of the Size of the Third Ventricle Following
Subarachnoid Hemorrhage by Echoencephalography

H. BUCKING

Introduction

Cases of communicating hydrocephalus following subarachnoid hemorrhage (SAH)
from rupture of intracranial arterial aneurysms were described as incidental in
the earliest publications (1, 2).

When recognized, these cases probably were late sequelae with uncertain date of
beginning and development.

For the first time KRAYENBUHL 1948 (3), FOLTZ and WARD 1956 reported
continuous clinical observations under control of repeated diagnostic investigations.
Today the clinical features of this complication are well known (2, 5).

Method and case material

We used dynamic echoencephalography for serial measurements of third ventricular
size following SAH (9). We studied 28 patients, ages between 18 and 71 years, up

to 7 months following SAH, before and after operation, before and after shunting
procedure, and inoperable cases. 118 measurements of the width of the third
ventricle were obtained, i.e. at least 2 to 10 in an individual case. The selective
case material of 28 patients represents 40% of 70 patients with aneurysms seen
during a 10 months’ period at the Neurosurgical Department of the University of
Zurich.

In the remaining cases preoperative echo measurements were normal. Random
tests and the uncomplicated clinical course showed that further repetitions were
not necessary. Enlargements of the third ventricle, at least 3 mm or more than
the normal value for the age were considered pathologic.

Results

In 71% of the cases (20 cases) the width of the third ventricle exceeded 10 mm up
to 16 mm.

Table Ia gives a postoperative view of the echoventriculograms (EVG) based on a
measurement prior to operation. In some cases ventricular enlargement was
present before the operation. In the first postoperative week transient enlargements
occurred. In 5 cases the EVG remained normal. Maximal dilatations of the third
ventricle were observed in 2 cases after 2 weeks at the earliest.

Maximal dilatations of the third ventricle occurred in the later period (Table Ib)
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Table I. Measurements of the third ventricular width in mm a) during the early
postoperative days b) in the late postoperative period

CR: craniotomy, SH: shunting procedure

First measurement prior to operation
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Table II. Measurements of the width of the third ventricle in mm, compared to

the normal value of age. First measurement at the beginning of the line, maximal
width during the course, reversal or last measurement. Two cases with repeated
enlargement

from 3 up to 10 weeks after craniotomy. This complication of communicating
hydrocephalus could be confirmed when the measurement was done in various
intervals after the craniotomy.

Table II shows that in all ages the pathological results of third ventricular
measurement exceeded the normal value of age (6).

In Table III all results are related to the date of the first or single SAH.

Different mental and neurologic dysfunctions which were not comparable with the
delayed progressive brain organic syndromes (BOS) existed in 50% of the operated
cases during and shortly after the SAH and prior to pathological EVG, but in all
inoperable cases immediately.

The BOS in the late period is characterized by signs of mental deterioration like
disorientation, impaired memory, decrease of mental and physical activity,
reduction in consciousness, and accompanied by neurological dysfunctions like
spastic paraparesis, akinetic mutism, ataxia and urinary incontinence. All patients
did not necessarily have the whole complex of symptoms and the degree was
moderate or severe. Mild symptoms might only consist of headache.

Pathological ventricular enlargements occurred with distinct intervals,

We have analysed intervals from 0 to 4 weeks and from 4 to 16 weeks, following
the first SAH. Pathological EVGs at 0 to 4 weeks intervals were obtained in 8 cases.
These ventricular dilatations were transient and concerned the early postoperative
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Table III. Measurements of maximal enlargement of the third ventricle at intervals
following the first or single subarachnoid hemorrhage

period (Fig. 1). The patients had mild clinical signs or none. 5 moderate or severe
BOS developed after an interval of 2 to 4 weeks from craniotomy, too. In 2 cases
the diagnosis of communicating hydrocephalus was confirmed.

The incidenceof single SAH was 12 of 13 patients in this group.

Pathological EVGs at long intervals from 4-16 weeks and more were measured in
9 cases (Fig. 2).

The distinct interval between craniotomy and these findings is obvious.

The incidence of multiple SAH in this group was 7 out of 9 patients. Complications
in this group consisted of intracranial hematomas(55%) and cerebral angiospasms
(30%). 8 cases at long intervals presented progressive BOS, 5 cases of a severe
degree.

Course and duration of clinical signs and diagnosis

7 moderate or severe BOS, 2 at short and 5 at long intervals, advanced but then
spontaneously improved within 4 to 8 weeks. Repeated lumbar punctures in special
cases probably favored this course.

7 severe BOS of long intervals progressed and further diagnostic steps were done
in order to confirm the diagnosis of hydrocephalus and abnormal cerebrospinal
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fluid circulation. In 5 cases diagnosis was. established by RIHSA cisternography,
in 3 cases by pneumencephalography and in one case only by EVG and electro-
encephalogram.

One confirmed severe hydrocephalus spontaneously improved.
Elevated cerebrospinal fluid pressures were measured in 7 cases 4 to 16 weeks

following SAH, at the climax of pathological enlargement of third ventricular size
and BOS.

Body temperature of septic type in some cases was present several weeks following
SAH and preceded progressive clinical signs and pathological EVG.

Treatment with shunting procedure

6 cases were treated with ventriculo-atrial shunting procedure (PUDENZ-HEYER)
which was performed from the 8th up to the 16th week following the first SAH. The
BOS had a duration of 2 to 4 months or longer and were reversed after shunting
procedure within 2 to 6 weeks. Normalisation of EVG often preceded.

Two cases were therapy - resistent.

Inoperable cases with and without shunting

In 3 out of 6 inoperable complicated cases the third ventricle was pathologically
dilatated as the time interval increased (3-7 weeks) following SAH, and in no case
earlier.

The severe BOS and neurological deficits existed immediately following the SAH
and were superimposed by stupor, somnolence or initial coma. Three inoperable
cases with rapid lethal course were complicated by severe cerebral vasospasm
and intracranial hematomas.

Discussion

Communicating hydrocephalus following SAH is attributed to fibrosis of the
leptomeninges in the basilar cisterns, in the cerebral sulci and the incisural region
of the tentorium which results in obstruction of cerebrospinal fluid absorption.

Our ultrasonic investigations show that this process takes 4 to 16 weeks to develop
following the first SAH, the shortest interval being 2 weeks.

If transient findings in the early postoperative period are neglected pathological
EVG correlates in 23% (16 of 70 patients) with delayed progressive BOS and
neurological dysfunctions. Seven advanced, moderate or severe BOS spontaneously
improved. One case in advanced stage was lethal. Thus 11% (8 cases) remain,
which presented pathological EVG and progressive clinical signs and in which the
diagnosis of communicating hydrocephalus was confirmed. KAZNER and SCHIEFER
in 1967 found a normal echoencephalogram immediately after SAH, but later in
43% the third ventricular size was 10 mm. HEIDRICH (7) mentions 54% enlarge-
ments of the third ventricle in 26 patients studied with pneumencephalography.
GALERA (5) reports 30% hydrocephalic ventriculocranial index among 100 cases
following SAH 3 weeks to 3 months , seldom up to 2 years.

In a recent study (8) the diagnosis of communicating hydrocephalus was made in
10% out of 280 patients with aneurysm, by combining various diagnostic procedures
including echoencephalography.
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Summary

We studied the changes in size of the third ventricle as an indication of developing
communicating hydrocephalus following subarachnoid hemorrhage. This was
determined by serial echomeasurements. Enlargements of the third ventricle occur
at distinct intervals. Pathogenetic views of the underlying delayed process,
establishment of diagnosis, spontaneous improvements and treatment are discussed.
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Fig. 1. Transient early postoperative enlargement of third ventricle
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Experience with Ultrasonic B-Scan, Assessing the
Ventricular System in Children and Adults

T. GRUMME

Two-dimensional echoencephalography was carried out for 1 year with four different
equipments (Fa. KRETZ, ATOMICA, PICKER, KONTRON) and for the last 1 1/2
years with the KRETZ equipment only. Recording was performed according to the
compound-scan. In children a 2 MHz- and in adults a 1 MHz-probe was always
used: diameter 15 mm. Recording techniques: 1 Horizontally, 2.0-5.0 cm above
the line from the lateral canthus to the external auditory meatus. 2. Vertically,
at right angles to the line through the external auditory meatus, applying the probe
over, or more in front of, or behind the ear. All pictures of the B-scan, which
was done on different levels, were compared with theresultsof the A-scan as well
as the pneumencephalographic findings. Our experience is based on 30 children
and 20 adults.

Results

1. Children: In the majority of cases the third ventricle can be determined by
horizontal and vertical scanning. Although B-scan gives a better optic impression,
the A-scan succeeds better in determining accurately the width of the third ventricle
(Fig. 1). The lateral ventricles can be represented as cavities in almost every

case of extreme hydrocephalus. Medium sized dilatation fo the ventricular system
can only be demonstrated in about one third of cases (Fig. 2 and 3). For the
evidence of an asymmetrical hydrocephalus (Fig. 4) we found proportions similar

to those observed in extremely and medium sized hydrocephalus as described
above. A congruent presentation of normal ventricular system, as obtained by
pneumencephalography, has not yet been achieved by this method.

2. Adults: The recordings of the normal and pathological ventricular system are
not encouraging at the present time. In a few cases (namely patients with occlusive
hydroecephalus) the third ventricle and parts of the lateral ventricle are demon-
strated. Special probes either working on 1.5 MHz or having separated areas for
ultrasonic wave transmission and reception did not influence these results.

Discussion

If two-dimensional echoencephalography is to replace air encephalography in
appropriate cases, then the ventricles of the brain must be represented as real
cavities. Single demonstrations of parts of the ventricular wall are not sufficient
to make reliable, relevant statements on the brain ventricles. Apart from the
optical gain, no conspicuous advantage is established as compared to the A-scan.
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The good results observed with increasing ventricular width in children are explain-
ed by the favourable echo conditions. Figures 5 and 6 demonstrate the reasons

why the normal ventricular system is not represented as a cavity under the present
technical conditions: the echo conditions are extremely unfavourable. The shape of
the normal ventricular system allows at most a partial outline in the region of the
body and the anterior horn of the lateral ventricle, because an optimal angle of
incidence for the ultrasound of about 90° can almost never be obtained.

The poor results in adults are additionally caused - and all authors agree in this
respect - by the poor echo conditions with increased absorption of the ultrasonic
energy by the cranium.

From comparative consideration of the literature available since 1963 and our own
investigations, it appears that only better technical conditions and new probes,
possibly containing several individual probes, will permit further development in
the field of echoventriculography with the B-scan.

Fig. 1. The third ventricle; comparison between A-scan
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Fig. 3. Medium-sized hydrocephalus;
vertical cut

Fig. 2. Medium-sized hydrocephalus;
horizontal cut

Fig. 4. Asymmetrical hydrocephalus; horizontal cut
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Fig. 5. Condition for ultrasound-reflexion in cases of normal and pathological
ventricular system; horizontal cut

Fig. 6. Condition for ultrasound-reflexion in cases of normal and pathological
ventricular system; vertical cut



Comparative Study of Computerized and A-Mode Midline
Echoencephalography

E. HoPmAN, E. KAZNER, and B. VOGEL™)

A-mode echoencephalography has gained increasing clinical importance during the
last few years for rapid orientation regarding the position of the cerebral midline
structures. However, the number of those who master this technique is still small,
since only constant training and control by neuroradiological findings leads to
reliable results. Many attempts to standardize the A-mode technique failed (WHITE,
1970; WHITE and HUDSON, 1971). A constant adjustment of the ultrasonic apparatus
or a constant application point of the probe cannot be expected. There is too much
variation in the size and thickness of the skull and in the projection of the cerebral
midline structures on the surface of the skull from individual to individual.

For some years, the development and perfection of computerized ultrasonic tech-
niques has been in progress, with the aim of allowing an automated midline echo
determination. Computerized ultrasonicequipmentdoes not have an oscilloscopic
screen. Instead of this, the position of the midline structures is displayed digitally.
Over a period of one year, a midline computer 7/ was used clinically and the data
were compared with the results of conventional A-mode technique and neuroradio-
logical findings.

Principle of operation

As usual in A-mode technique, a 2-MHz probe is applied to the skull in the temporal
region (Fig. 1). The computer at first searches for the so-called distal echo,
originating from the scalp-air interface. This echo appears distal to the echo from
the inner skull table-dura mater interface (end echo). From its position, the
computer calculates the theoretical midline location. Then the gate for midline

echo search is opened. The search for the midline echo is limited to 16 millimeters
left and right of the theoretical midline. This limitation seemed to be suitable since
shifts exceeding 16 mm are extremely rare. If the computer finds a single echo

of high amplitude in the mid-gate, its position is read out in millimeters and dis-
played digitally. A 2-mm graduated scale indicates both the direction and magni-
tude of a given shift. After plotting the read-out data on a bar diagram the operator
then re-cycles the computer to start the measurement cycle again. The measure-
ment is repeated 30 to 50 times from either side of the skull. Multiple measure-
ments result in a "histogram' which facilitates a rapid evaluation (Fig. 2). Each
histogram represents a summation of echoes of high amplitude in the mid-gate.

By the large number of readings erratic measurements of the midline position

1)

technician

++)MIDLINER, PICKER ROENTGEN GMBH, 4992 Espelkamp
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are minimized. If no large echo is found by the computer, or if two or more large
echoes are found simultaneously in a single reading, the computer recycles and
starts the search for the distal echo again.

In comparison with the conventional technique, this method has the advantage that
operator bias is eliminated. The physician or the technician who also can perform
this investigation, may concentrate upon the application of the probe; the necessity
to control the screen and adjust the apparatus is abolished. Maximal objectivity

can be reached,if one person applies the probe without optical control of the digi-
tal display, while a second operator makes the readings. This procedure accelerates
the investigation considerably. The duration of the investigation is 5 to 10 minutes
with one operator and only 3 to 4 minutes with two operators.

Results

The comparative study included 530 patients with various intracranial diseases
(Table I) during the last twelve months.

Table I. Computerized echoencephalography - results in 530 patients with
intracranial disease

. Number of Midline Reading-Out

Histogram . .

patients correct incorrect
Normal Midline Position 382 379 3
Midline Displacement 114 108 6
Uninterpretable,
Technically insufficient 34 (6. 47%)
Total 530 487 9

91.9% 1.7%

Primarily we were interested in the reliability of the midline computer in the
presence of a midline displacement. Fig. 3 shows an example of a midline shift
in the histogram. The midline complex is displaced by about 6 millimeters from
right to left. The maximum values from right and left overlap. This finding
corresponded completely with the A-mode echogram and the carotid angiogram.

In 117 patients with a midline shift of 2 mm or more in the computer echogram or
in the A-scope, the midline echo measurements of both methods were compared.
The diagram in Fig. 4 shows a close correlation of measurements. Only in patients
with slight shifts did false computerreadings occur (6 false positive and 3 false
negative, see also Table I and II). In 105 from the 117 patients, the ultrasonic
findings were checked by contrast medium investigations. In all these cases the
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Table II. Computerized echoencephalography - incorrect and unsatisfactory
results (43 cases = 8.1 per cent)

Histogram Number of patients
False positive midline shift 6
False negative midline shift 3
No response 10
Unilateral response 7
Technically insufficient uninterpretable 17
Total 43

ultrasonic measurements could be confirmed. In 12 patients the neuroradiological
control was not necessary. These had postoperative follow-up measurements to
observe the decrease of the preoperatively existent midline echo shift. From a
total of 111 midline displacements in the A-mode echogram, the computer detec-
ted 108 (97.3%). The above-mentioned 3 patients with false negative midline echo
reading-out showed only slight shifts in the conventional echogram (2.0 to 2.5 mm)
as a result of receding brain edema after intracranial surgery. The preceding
trepanation with alterations of structures,necessary for the determination of the
distal echo,may be the cause for this failure. However, in patients with intact bony
skull we could not observe false negative computer measurements. In the presence
of scalp swelling, it is uncertain,whether or not,erroneous measurements can occur
as in the A-mode technique, since after some technical failures in head-injured
patients with subgaleal hematoma - there were only sporadic responses - we no
longer employed the midline computer in such cases. The false positive results in
half of the cases also concerned patients with trepanation defects. In two cases,
the maximum midline reading-out was at 2 millimeters, a borderline value. Only
once did the histogram show an unexplained midline displacement of 4 millimeters.

The reliability of the computer measurement,as evaluated by the team after a short
period of training,is underscored by the fact,that in all cases with questionable
midline measurement in the A-mode echogram, the computer was used to clarify
the situation. As an example, the histogram of a 68-year-old man is reproduced
(Fig. 5). It shows a marked displacement of the midline complex from right to

left. During the A-mode investigation, it was doubtful whether a midline shift or

a ventricular dilatation was present. The patient had a glioblastoma in the right
temporal lobe.

Secondly, we were interested in the possibility of determining the width of the third
ventricle using the midline computer. The breadth of the midline complex in the
histogram and the width of the third ventricle are doubtless related. The histogram
in Fig. 6,for instance, shows a small midline complex. The width of the third
ventricle in the A-mode echogram was 4 to 5 millimeters in this case.
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In 44 patients of our series, a dilatation of the third ventricle could be found, using
the A-mode technique (width of the third ventricle 8 mm or more). In 7 patients,
the computer echograms were technically insufficient or not interpretable. A
markedly dilated third ventricle obviously often leads to such an unsatisfactory
result (Fig. 9). The interpretation of the A-mode echograms of these patients
caused no problems. In 17 patients only the midline came out in the histogram.

In the remaining 20 patients, an approximate determination of the third ventricle
width was possible. If the third ventricle is about 8 millimeters in diameter, often
only a single 8 mm wide midline complex is to be seen in the histogram. From 10
to 12 millimeters, separate bars can be plotted from the lateral walls of the third
ventricle. Fig. 7 and 8 show histograms in the case of hydrocephalus. In Fig. 7,
only the ventricular walls are displayed. In Fig. 8 beneath the ventricular bars,
the midline complex is demonstrated. Reliable results among the 44 patients with
hydrocephalus represented only 45 per cent of the patients examined by means of
the midline computer. This points out thatcomputerizedechoencephalography is not
a very useful technique in detecting ventricular dilatation.

The total of unsatisfactory or false measurements using the computer was 8.1 per
cent (Table II). However, the false positive and false negative midline shifts have
been discussed. In 10 cases, even with maximum amplification, no response was
detected; in 7 further cases, only unilateral response was obtained. Seventeen
cases proved to be technically insufficient oruninterpretable. Fig. 9 for example
shows such a histogram of a child with extreme hydrocephalus. All uninterpretable
histograms resulted from patients with intracranial anomalies.

Conclusions

In the comparative study in patients with supratentorial space-occupying lesions
leading to a displacement of the midline structures, computer echography of the
cerebral midline proved to be a significant simplification with respect to conven-
tional A-mode echography. This procedure can also be performed by a technician
without special training, and still results in a midline determination of very high
reliability. The method is less adaptable to the determination of hydrocephalus or
patients with lesions in the midline region.
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findings in the A-mode echogram

Fig. 6. Four-mm wide midline complex in a patient with a small third ventricle
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Fig. 7. Histogram of a patient with marked dilatation of the third ventricle. The
two bars at 6-mm left and 6-mm right originate from the lateral walls of the
enlarged third ventricle

Fig. 8. Histogram of a patient with marked dilatation of the third ventricle. Beneath
the bars from the walls of the third ventricle at 6/8-mm left and 8/10-mm right
the real midline is displayed
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Scintigraphic Findings with Cerebrovascular Lesions
W. WALTER

Individual scintigraphic examinations and, in particular, follow-up series of cere-
brovascular lesions are valuable in the differential diagnosis and the prognosis of
these lesions. The scintigrams performed on 185 cases at our clinic in the last

4 years may be grouped as follows:

1. Spontaneous intracerebral hematomas

2. Cerebrovascular lesions (grouped into acute symptomatology and chronic symp-
tomatology)

. Vascular occlusions

. Arteriovenous angiomas with and without hematoma

Saccular aneurysms with and without hematoma

. Subarachnoid hemorrhage with or without demonstrable vascular malformation
and with or without demonstrable so-called vascular spasms

. Av-cavernous sinus fistulas

. Cerebral venous thromboses

oUW

Brain contusions
Chronic subdural hematomas

O O ©

The examinations were carried out in the Nuklear Medizinisches Institut ( Head:
Prof. Dr. F. Wolf) with 99™ technetium.

In the differential diagnosis between encephalomalacia and space-occupying lesions,
the follow-up scintigrams are particularly important. In the case of typical scinti-
graphy during follow-up, a tumor can be excluded. However, few cases show a
concentration of activity for several months. In several cases, craniotomies were
performed because of the persistent suspicion of tumor. Here extensive areas of
encephalomalacia were found which revealed a picture of total tissue necrosis at
the histological examination. In the case of vascular occlusions the follow-up ob-
servations showed a typical scintigraphic finding. The extent and the amount of con-
centration of activity almost always corresponded to the degree of neurological
deficit or to the seriousness of the clinical picture. Cautious prognoses can be set
here if the slight concentration of activity quickly decreased at the follow-up scinti-
graphic examination. This is particularly true for partial occlusions of the middle
cerebral artery. Here the scintigram often shows signs of increased local perfusion
(luxury perfusion) which are also apparent in the angiogram, indicating poorer
oxygen utilization,

In our experience, hemorrhagic encephalomalacia leads to earlier and more marked
concentrations of activity in the scintigram. This was particularly notable in 3
cases of cerebral vein thrombosis that had led to a massive hemorrhagic infarct.

A concentration of activity was visible within the first 24 hours.
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The spontaneous intracerebral hematomas are best seen in the scintigram between
the 6th and 10th day. In a few isolated cases craniotomies were not performed since
the clinical status improved and the follow-up scintigram showed a decrease and
normalization of the scintigraphic finding. Approximately 40 % of the intracerebral
hematomas did not lead to pathological concentrations of activity. Here the scinti-
gram was probably performed too late or too early. However, the concentration of
activity is partly dependent on the time interval between injection and scintigraphic
examination. Occasional cases of hematoma that were not recognized in the scinti-
gram at first showed a positive finding after an interval of 3hoursfollowing injection.
The few cases of cavernous sinus aneurysms appear as increased concentrations

of activity at the base of the skull in the scintigram. Particularly remarkable was
the fact that the carotid ligations led to a complete normalization of the clinical
symptomatology on the one hand and to normalization of the scintigraphic finding
which had been pathological at first.

Of special interest are the scintigraphic findings in cases of subarachnoid hemorrha-
ge with so-called vascular spasms. Previously ( WALTER and SCHUTTE 1964) it
was pointed out that such vessel spasms occurred more frequently together with
severe neurological deficits and prolonged disturbances in consciousness. In all
cases of subarachnoid hemorrhage with aneurysms and pronounced vascular spasms
in the angiogram, pathological scintigraphic findings appeared in the corresponding
perfusion area. During the follow-up period an increase or decrease in pathological
activity in the scintigram was accompanied by an improvement or worsening of the
neurological status and the state of consciousness. These scintigraphic findings

Table I. Results of scintigraphic investigations of 185 patients. positive,
O negative, F examination too late, S examination too early

EEEE 8
GISIEE)

oo l. without neurological

Spontaneous intracerebral hematomas

Arterial occlusions

%% deficit
Vascular lesions { chronic stage, more
than 3 months) ﬁm 22
Vascular lesions (acute stage)
Arteriovenous angiomas © © [with hematomal
000004 ‘
Saccular aneurysms ©@00Byih hematoma E( without hematoma)
% YUY SABWIthOUt

1 Wi 110neurvsm 3Sp05m zugneur sm &
Subarachnoid hemorrhages Wit Spasi iout aneurysm EEEEH ooty &
AV.Sinus cavernosus fistula w3 ]
Venous thromboses 2

. . [z 7177

Brain contusions B, 1 1bduysEEHa: 9more than 2 weeks

Chronic subdural hematomas tim 12 2
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were also found in occasional cases of subarachnoid hemorrhage where the angio-
gram had failed to show an aneurysm. The previously mentioned opinion that such
spasms can lead to circulatory disturbances which can in turn cause reversible or
non-reversible brain tissue damage, has been confirmed by these scintigraphic and
angiographic comparative investigations. Further confirmation was achieved by the
cases which were autopsied. Here it could be demonstrated unequivocally that the
scintigraphic finding and the corresponding neurological status could not be ex-
plained by an intracerebral hematoma, but rather by hemorrhagic softening in the
perfusion area of the spastic vessels. Subarachnoid hemorrhages due to aneurysms
but without such spasms of the vessels all showed a negative scintigram. The rela-
tively small number of contusions is included here because the histopathological
substrate of the contusions may strongly resemble that of a hemorrhagic infarct.
Acute contusions lead to marked scintigraphic findings chiefly within the first

8-10 days. In cases of contusions over 4 weeks old, the scintigram did not show
any changes. Here too, the follow-up examinations of individual cases showed that
an improvement in the patient’ s condition, i.e. a decrease in the neurological
deficit was accompanied by a decrease in the pathological concentration of activity
in the scintigram. All but two of the chronic subdural hematomas showed the well-
known typical, sickle-shaped concentration of activity. We could not explain this
negative finding.

An improvement in the diagnosis of cerebrovascular lesions with the help of brain
scintigrams will be achieved through the use of regular follow-up examinations.

The findings mentioned here, some of them only as small groups are intended to
stimulate larger series so that a typical scintigraphic pattern can be worked out for
the various vascular lesions in the future.



Surgical Treatment of a Carotid-Cavernous-Fistula
Without Interruption of the Carotid Circulation

B. KonToPouLOs and H. PENzHOLZ

The surgical treatment of carotid-cavernous-fistulas is always particularly diffi-
cult if the intracranial collateral circulation is insufficient. This is not a rare pro-
blem as proven by an increasing number of recent publications. This report con-
cerns a case in which, as we think, we found a good solution for this surgical pro-
blem and want to compare our procedure to other possibilities presently under
discussion.

The pathophysiology and the clinical picture of the carotid-cavernous-fistula are
well known. In 1809 TRAVERS reported the first cure of this disease by the liga-
ture of the common carotid artery on the neck. Since the beginning of this century
a more radical elimination of the fistulas was tried by an additional ligature of the
internal carotid artery at the neck which was later completed by a simultaneous
intracranial ligature of the internal carotid artery by HAMBY and GARDNER in
1933. Since there have always been recurrences following this procedure to occlude
the fistula, the complete embolization of the carotid siphon was tried after a pre-
vious intracranial clipping of the internal carotid artery and the subsequent ligature
of the internal carotid artery at the neck. This procedure, also developed by
HAMBY and GARDNER, aimed at combining the advantages of the technique of
muscle embolization, reported by BROOKS in 1930, with the methods of carotid
ligature. For a long time until present it remained the standard operation for eli-
minating a carotid-cavernous-fistula without relapse.

The main disadvantages of these methods are the definite occlusion of a carotid
artery and the necessity of an additional intracranial operation. At least to avoid
the disadvantage of an additional intracranial operation it was tried to modify the
already mentioned method of embolic occlusion of the carotid siphon, so that an
occlusion of the middle cerebral artery would seem to be impossible, even without
a previous intracranial clipping of the internal carotid artery. To our knowledge
SERBINENKO was the first who solved this problem by tying a piece of muscle to a
thread of a certain length. KOSARY, KRAYENBUHL, GRUNERT chose similar
ways. Unfortunately these methods also lead to a definite occlusion of the carotid
artery and are not useful in cases with insufficient collateral circulation. With
BROOKS’ method and an adequate choice of a piece of muscle of a certain size the
occlusion of the fistula must become possible without an interruption of the carotid
circulation.

In our case we were forced to try this procedure because d an extraordinarily in-
sufficient collateral circulation.A 58 years old patient suffered a head injury during
a motor-bicycle accident in 1970, He was admitted to the hospital because of a
deteriorating vision of the right eye and a noise in his head in december of the same
year. On admission we found a left exophthalmus and a pulse synchronous noise.
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The tentative diagnosis: carotid-cavernous-fistula was proven by arteriography.

The noise disappeared under compression of the carotid artery at the neck, but the
patient became aphasic and displayed a hemiparesis within 10 seconds. It could be
proven that there was no collateral circulation either via the anterior communicant
or the posterior communicant artery by angiography of the right carotid artery with
simultaneous compression of the left carotid artery and by left retrograde brachial
angiogram. In this extraordinary situation the attempt to use the following opera-
tive technique seemed to be justified: we measured the distance between the carotid
bifurcation and the fistula on the angiogram considering the factor of enlargement.
The distance was 13,1 cm. On January 8th, 1971, we exposed the bifurcation of the
left carotid artery under local anesthesia. A round piece of muscle with a diameter
of at most 3 mm was prepared, marked with a clip and fixed to a thread (4xO).

The thread was marked with a knot at the 13,1 cm limit. ,After this careful prepa-
ration the embolization was performed in a typical way via the external carotid
artery. The critical phase of the operation was the short-term cross-clamping of
the internal carotid artery for 21 seconds. The aphasic and hemiparetic symptoms,
which - as expected - occurred after a cross-clamping for 10 seconds, disappeared
following restoration of the circulation. The immediate disappearance of the pulse
synchronous noise was the sign of successful occlusion of the fistula, as proven by
an intraoperative angiogram.

Our intention to maintain the circulation of the carotid artery was successful. The
thread was fixed at the 13,1 cm-mark at the bifurcation of the carotid artery, and
the artery was sutured.

Fourteen days following surgery the patient was again able to work. Now, twenty-
eight months later he is free of symptoms and completely restored.

At the beginning of this year two published papers seem to confirm the described
method. Both authors likewise used small emboli fixed to a thread of a certain
length., OHTA (1973) used polyurethan foam, BLACK (1973) used muscle and ob-
tained an occlusion of the fistula maintaining the circulation of the carotid artery.
RIECHERT and PARKINSON chose the direct approach to the cavernous sinus to
maintain the carotid circulation. )

REFERENCES

1. BLACK, P., S.UEMATSU, M.PEROVIC, and A.E. WALKER: Carotid-
cavernous fistula: a controlled embolus technique for occlusion of fistula with
preservation of carotid blood flow. J.Neurosurg. 38, 113-118 (1973)

2. BROOKS, B.: Discussion. Trans.South.Surg.Ass. 43, 176-177 (1931)

3. GRUNERT, V. und M.SUNDER-PLASSMANN: Beitrag zur chirurgischen
Therapie der Carotis-cavernosus-Fisteln. Acta Neurochir, 25, 109-114 (1971)

4, HAMBY, W.B.: Carotid-Cavernous Fistula. Springfidd , III: Thomas 1966

5. HAMBY, W.B. and D.F.DOHN: Carotid-cavernous fistulas: report of thirty-
six cases and discussion of their Management. Clin, Neurosurg. 11, 150-170

(1964)

6. HAMBY, W.B. and W.J.GARDNER: Treatment of pulsating exophthalmos
with report of two cases. Arch.Surg. 27, 676-685 (1933)



10.

1.

13,

14,

15,

16.

312

KOSARY, I.Z., M.A.LERNER, M.MOZES and M. LAZAR: Artificial embolic
occlusion of the terminal internal carotid artery in the treatment of carotic-
cavernous fistula. Technical note. J.Neurosurg. 28, 605-608 (1968)

KRAYENBUHL, H.: Treatment of carotid-cavernous fistula consisting of a
one-stage operation by muscle embolization of the fistulous carotid segment.
In: Micro-vascular surgery. Ed. by R. M. P. Donaghy and M. G. Yasargil.
Stuttgart, Thieme 1967, p. 151-167

OHTA, T., S.NISHIMURA, H.KIKUCHI and M. TOYAMA: Closure of carotid-
cavernous fistula with polyurethane foam embolus. J.Neurosurg. 38, 107-
112 (1973)

PARKINSON, D.: Carotid cavernous fistula: direct repair with preservation
of the carotid artery. J.Neurosurg. 38, 99-106 (1973)

PARKINSON, D.: A surgical approach to the cavernous portion of the carotid
artery: anatomical studies and case report. J.Neurosurg. 23, 474-483

(1965)

PARKINSON, D.: Transcavernous repair of carotid cavernous fistula: case
report. J.Neurosurg. 26, 420-424 (1967)

RIECHERT, T.: A new surgical method for treatment of pulsating exophthal-
mos. Progr.Brain Res. 30, 445-449 (1969)

SERBINENKO, F.A.: Okkliuziia ballonom kavernoznogo otdelf sonnoi arterii
kak metod lecheniia carotidno-cavernoznykh soustii. Vopr.Neirokhir. 35 (6),
3-9 (1971)

SERBINENKO, F.A.: Kateterzatsiia i okkliuziia magistral’ nykh sosudov
golovnogo mozga i perspektivy razvitiia sosudistoi neirokhirurgii, Vopr.
Neirokhir. 35 (5), 17-27 (1971)

TRAVERS, B.: A case of aneurysm by anastomosis in the orbit, cures by
ligation of the common carotid artery. Med. Chirurg. Trans. 2, 1-16 (1811)



313

Fig. 1. Preoperative right carotid angiogram
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Fig. 2. Intraoperative right carotid angiogram following successful muscle
embolization.



The Therapy of Extracranial Arteriovenous Malformations
of the Carotid-Vertebral Circulation

R. WULLENWEBER, J. WAPPENSCHMIDT, and E. LINS

Extracerebral arteriovenous malformations occurring asisolated angiomas of the
skull or dura mater (4,6,7,9,11,14,17) can be treated by ligature, complete remo-
val or circumcision of the dura mater, thus presenting hardly any therapeutical
difficulties. The angiomas of the orbita can normally be cured by complete removal
as well (8 ).

However, completely different circumstances are found in cases of extracerebral
angiomas of the carotid-vertebral circulation located in the soft tissues of the face
and neck and frequently draining through the cerebral sinus (1, 2, 3,5, 10, 12, 13, 15,
16).

Heavy subjective complaints, such as pulse-synchronous bruit, severe neurological
and psychical disturbances can be observed, caused by a deficient cerebral blood
flow. While hemorrhages occur seldom, a progressive cardial insufficiency is fre-
quently seen due to the chronic overload of the right heart. Since a complete remo-
val is not possible in these cases on account of the extension and localisation of the
vascular malformations, the only therapy likely to provide success is the ligature
of all afferent vessels.

Case reports

Case 1: 4l years old man with papilledema, severe cerebellar symptoms and tin-
nitus. Following ligature of the ext. carotid artery and all other afferent vessels
with dissection of the neck-muscles, craniotomy and circumcision of the dura there
was an improvement for some months (Fig. la). One year later all symptoms re-
appeared and the angiograms showed a shunt with cerebral circulatory insufficiency
(Fig. 1b). The patient died suddenly of acute cardiac failure.

Case 2: Similar clinical findings and angiographic results in an 8 years old girl,
who died after a cardiac arrest before any operation could be done.

Cases 3 and 4: Two patients, who suffered only from a pulse-synchronous bruit
were operated on by ligature and partial extirpation of the angiomas located in the
skull, the neck muscles and the bone. The symptoms disappeared only for some
weeks, then the tinnitus recurred.

As demonstrated by the above examples, ligature of the afferent vessels improves
the clinical state only for a short time, since new anastomosis develop and reopen
the shunt. If the pulse-synchronous noise is the only symptom of the vascular mal-
formation, operations with a higher risk are noti indicated. But in cases with severe
neurological disturbances as well as progressive heart insufficiency all attempts
that promise improvement are justified. Therefore in 2 other cases we tried to
occlude the angiomas by ligature of the afferent vessels combined with embolization
by small plasticspheres and muscle pieces.

315



316

Case 5: 47 years-old man suffering from a growing tumor in the jaw-angle and a
pulse-synchronousnoise. Angiographic findings: arteriovenous malformation
supplied by the external carotid and vertebral arteries (Fig. 2a). Following ligature
of the occipital artery the angioma was embolized by sylastic spheres from the ext.
carotid artery, which was ligated following this procedure. As confirmed by the
angiographic (Fig. 2b) control, the angioma was completely occluded and the
swelling disappeared. But the noise recurred some months later in less severe form,
so that the ligature of the contralateral occipital artery became necessary.

Case 6: 35 years-old man suffering from an angioma of the cheek, growing to a
monstrous swelling within 3 years. A pressure-ulcer caused by a dental prothesis
eventually led to massive hemorrhage into the oral cavity. Following ligature of the
ext. carotid artery, the occipital artery and other arteries of the opposite side of
the face, the brachial artery angiogram (Fig. 3a) showed that the ext.carotid artery
and the angioma filled through small arteries from the neck region. So the ext. ca-
rotid artery was exposed once more and embolized with plastic spheres and small
muscle pieces until the vascular malformation was occluded (Fig. 3b). After this
operation the swelling diminished but a complete recovery could not be obtained.

Conclusion

The therapy of the extracerebral arteriovenous malformations of the carotid-
vertebral circulation by ligature of the afferent vessels combined with embolization
by sylastic spheres and small muscle pieces might improve the operative results
known so far. Using plastic spheres we did not succeed in occluding the angiomas
completely, since no progressive thrombosis could be seen. Therefore it is sug-
gested to perform embolization with materials of higher adhesive properties, for
instance by roughening the surface of the spheres and impregnating them with
thrombin.

Summary

Arteriovenous shunts supplied both from the carotid and vertebral circulation cause
cardiac disturbances as well as cerebral circulatory deficiency.

The assessment of the extension and location of the angioma can be very difficult
and in some cases it is only possible by . subtractionand. large angiographic series.
Following ligature of afferent vessels new anastomosis always appear. In most
‘cases an extirpation of the malformation - located in the dura mater and the soft
tissues of the face and scalp - is impossible.

In 6 cases we tried to exclude the malformation from the circulation by ligatures

in different steps, but the long term results were bad. Therefore in our opinion the
only successful treatment may be the ligature of as many afferent vessels as possi-
ble combined with an embolization using sylastic spheres and small muscle pieces.
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«Fig. la. Brachial artery angiogram after ligature of the ext. carotid artery and
all other afferent vessels

«Fig. 1b. Angiogram of the same case one year later

Fig. 2a. Brachial artery angiogram in a case of arteriovenous malformation
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Fig. 2b. Control angiogram following ligature and embolization of the ext. carotid
artery

Fig. 3a. Brachial artery angiogram following ligature of the ext. carotid artery,p,
showing the filling of the angioma with contrast medium

Fig. 3b. Control angiogram following embolization. The plastic spheres can be P
seen in the region of the angioma



Fig. 3a.

Fig. 3b.
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Clinical, Morphological and Pathogenetic Consideration
on the So-Called “Temporal Lobe Agenesis Syndrome”

T. KOLBERG, R. WULLENWEBER, and F. GULLOTTA

ROBINSON has tried in numerous papers (1955, 1958, 1964) to outline a syndrome
consisting of large defects of the temporal lobe with widening of the middle fossa.
In the opinion that these lesions were developmental in origin, he designated the
state as '"temporal lobe agenesis syndrome!'.

Six such cases observed in the Neurosurgical Clinic in Bonn, led us to some critic-
al considerations about the clinical signs, morphological features and pathogenesis.

Own cases (see table): Of our 6 cases only one was female. The age varies bet-
ween 2 1/2 and 57 years. The clinical signs were rather h‘eterogenous, however,
focal epilepsia was seen most frequently. In 2 cases subdural hematomas led to
admission.

The angiography (Fig. 1) showed a widely bow-shaped dislocation of the middle ce-
rebral artery upwards and towards the midline with an almost vertical origin from
the internal carotid artery. The middle fossa appeared avascular. The anterior
cerebral artery was not, or only slightly, dislocated towards the other side. This
angiographic constellation indicates a loss of substance in the temporal brain. The
frontal films show the local bulging and thinning of the temporal bone. Plain skull
X-rays of the skull base, frontal stereoscopic and tomographic X-rays, show the
widening of the middle fossa anteriorly and downwards with elevation of the lesser
sphenoidal wing as described by ROBINSON (1955, 1958). This is an expression of
pathologic pressure conditions in the region,

In all cases, except in those with subdural hematomas we found at surgery (Fig.
2) a thickening of the arachnoid underneath the dura mater, which appeared norm-
al. Underneath the visceral capsule of the subdural hematoma, a second in-
dependent membrane appeared; this was identic to the thickened and hypervas-
cularized cyst wall found in the other cases. Sometimes rests of cerebral tissue
or molecular layers were macroscopically seen adherent to the hypervasculari-
zed membrane. Following incision of this thin membrane a large defect appear-
ed, mostly in the temporal lobe, sometimes in the temporo-frontal brain (2
cases). The defects contained cerebrospinal fluid of normal composition and
were mostly smoothwalled, their walls being vascularized. In one case septa
were seen. Medially one could see parts of the wall of the temporal horn and the
basal ganglia. Only once there was communication with the temporal horn of the
lateral ventricle.

Histological examination (Fig. 3) showed a small stripe of cerebral tissue (mole-
cular layer) underneath the thickened and fibrotic arachnoid in all cases.
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Discussion

Our morphological findings correspond to those seen in porencephalic cysts, that

is, defects of the immature brain due to vascular processes. Therefore, we cannot
agree with ROBINSON. These lesions have, in fact, nothing to do with a develop-
mental origin. Moreover, the suggestion of ROBINSON (1958) that an agenesis of

the temporal lobe should lead to a widening of the middle fossa can hardly be under-
stood or accepted. In these cases the developing or already developed temporal

lobe has undergone an injury. The arachnoidal casts, which sometimes are also
discussed as possible pathogenetic factor (TORMA and HEISKANEN 1962; KARVOU-
NIS et al. 1970; AGUILHERA et al. 1970), can be excluded by the histological exam-
ination; in those cases, in fact, the membranes consist only of thickened arachnoid
without brain tissue. Furthermore, there always is a stronger displacement of the
anterior cerebral artery. Arachnoid cysts can, of course, produce atrophy of the
underlying brain on the base of local pressure; covering a porencephalic defect, an
arachnoidal cyst can be found as well. But the p orencephalic defect itself, is always
of vascular origin.

The topographic extension of the brain defects lead us to suppose that they are of
venous rather than of arterial origin; concluding proofs, however, could not be found
in the angiographic studies. It should not be forgotten that following such vascular
lesions in the immature brain, a large collateral aedema appears, destroying the
adjacent areas and thereby confusing the original topography of the lesion.

The additional observation of subdural haematomas -certainly of secondary origin-
also presented by ROBINSON and others, could be an interesting point. It permits
the opinion that in these cases there may have been a high venous fragility.

Summary

Clinico-morphological investigations on 6 cases of so—called 'temporal lobe agene-
sis syndrome' (ROBINSON) have shown that this syndrome is not maldevelopmen-
tal in origin, but due to vascular processes in immature brain, that is porencepha-
lic defects.
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Fig. 2 Schematic representation showing the operative findings in frontal section.

Note the hypervascularity of the outer cyst wall and the topographic corresponden-
ce with the temporal white matter

Fig. 3 Histological section of the membrane, showing the thickened arachnoid
with remnants of cerebral tissue beneath



The Bilateral Orbita-Round-About-Osteotomy and
-Swivelling in Morbus CROUZON

W. ENTZIAN

The dysostosis cranio acialis (M. CROUZON) is often parallelled by a diverging
position of the osseous orbitae. Consequently the visual axes diverge as well, ste-
reoscopic binocular vision cannot be acquired and these patients can look severely
disfigured. Different operative methods have been suggested and applied (TESSIER;
CONVERSE).

Case report

The 12 years old school girl had a symmetric diverging position of the orbitae be-
cause of pathological broad midline structures of the nasal bone and ethmoidal
cells. The interpupillary distance was increased to 82 mm, the angle of strabis-
mus was approximately 20°. In early childhood a fist correction of the nasal bone
had been performed. The girl did not have any other malformation (including the
findings of cerebral angiography, pneumencephalography and EEG) and she showed
good abilities at school.

The time for surgery was chosen at this age, because growth of the osseous struc-
tures of the face and orbitae can be considered to be almost concluded. Surgical
indication was posed only for cosmetic reasons - although there are numerous known
complications.

Performance of the operation

The round-about mobilisation of both osseous orbitae was aimed, so that by swi-
velling each pupil should be translocated medially by 9 - 10 mm. - Bifrontal skin
flap, which is divided in the midline down to the tip of the nose. A bifrontal bone
flap is reflected following an absolutely horizontal sawing line closely above the
orbitea, because after the swivelling they should be fixed to this frontal bone flap
(11infig. 1); epidural approach to the anterior fossae and osteotomy closely along
the margin of the small sphenoid wings ( 2 in fig. 1); osteotomy of the lateral orbi-
tal wall ( 3 in fig. 1) along the zygomaticosphenoidal suture down to the spheno-
maxillar fissure; osteotomy of the zygomatic arch ( 4 in fig. 1); resection of an
osseous wedge-shapedsegment of the frontal and sphenoid bones. This osseous seg-
ment ( 5 in fig. 1) was according to the calculations frontally 10 mm broad, was
located between the untouched olfactorial groove and the medial orbita wall, reach-
ed downwards to the nasal cavities whose roofs were opened, and reached back-
wards to the mentioned sphenoidal osteotomy. The osteotomy of the maxillar

+) Indication, planning and performance of the operation were done together with
Prof. Dr. Kriiger, Director of the Kieferchirurgische Universitdtsklinik Bonn
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cavity was done through an infraorbital incision and from the nose (6 in Fig. 1).
There is no need to make an osteotomy of the fragile basal and medial orbital wall
(7 in Fig. 1). The fulcrum of the swivelling manoeuvre was the untouched area of
the optic canal and the superior orbital fissura. Afterwards the orbitae are fixed

to the remaining midline structures of the nose, to the reimplanted frontal skull
flap and by inserting a piece of rib into the osteotomy of the maxillar arch. - In-
traoperatively it was controlled, that the pupillar distance was normalized to 65
mm. Finally a piece of rib was inserted into midline skull defect that resulted from
the extirpation of an ossified place of attachment of the falx.

The operation was done by both the facial-maxillar surgeons and the neurosurgical
team - sometimes working simultaneously. The procedure lasted for little more
than seven hours.

Postoperatively high antibiotic protection was applied. No inflammatory complicat-
ion and no paralysis of any cranial nerve or any other neurological defect occurred.
The ophthalmological follow-up shows an over-function of the M. obliquus -inferior
and a hypofunction of the M. obliguus-superior of the left eye. The angle of stra-
bismus is reduced down to 4°. If the girl will be able to learn stereoscopic vision

- possibly after a strabismus-corrigating operation - is uncertain.

Comparison of pre- and postoperative X-ray films show the effect of the orbital
swivelling (Fig. 2 and 3).

The pathological broad ethmoidal cells have disappeared and the normalization of
the topography of the medial orbital walls can be clearly recognized. - The cosme-
tic effect (Fig. 4) concerning the position of the orbitae and the bulbi seems reason-
able as well; the back of the nose being still broad will be corrigated in a final step
later on by a facial-maxillar manoeuvre.

Summary

The operative proceeding according to TESSIER and CONVERSE for a bilateral or-
bital swivelling in a 12 years old girl with M. CROUZON is reported. The operat-
ion was done because of cosmetic reasons, the position of the orbitae could almost
be normalized, no complication occurred.
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Osteotomy for Orbital Swivelling

Fig.la and b. Frontal and upside views for the round-about-osteotomy and swi-
velling of the orbitae after resection of the pathological broad sphenoid cells (4)

in a case of M. CROUZON. No osteotomy necessary for the fragile floor and me-
dial wall (7) of the orbitae.
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Fig. 2a and b.

Pre- and postoperative
X-ray films of the

nasal and orbital region
show the normalized
relation between nasal
midline structures and
orbitae. The extension
of the sphenoid cells is
normalized

Fig. 2a.

Fig. 3a and b.

Pre- and postoperative
tomography show
medial swivelling of
the orbitae,
recognizable by the
normalized position of
the medial orbital
walls

Fig. 3a.
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Fig. 2b.

Fig. 3b.
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Fig. 4a and b. 12 years old girl before and after orbital swivelling with normali-
zation of pupillar distance from 82 to 65 mm



Retrolabyrinthine Section of the Posterior Root of the
Fifth Nerve (Abstract)

W. E. HiTsSELBERGER and J. PULEC

Over the last five years the authors have carried out selective section of the poste-
rior root of the fifth cranial nerve on 30 patients. In the past it has been recogni-
zed by neurosurgeons that selective section of the posterior root as advocated by
Walter DANDY is a better method of surgical approach to the problem of tic do-
loureaux than the conventional subtemporal gasserian ganglion operation advoca-
ted by FRAZIER. The reason for this is that the incidence of recurrence of tic pain
is considerably lower. Additionally selective section of the nerve in the posterior
fossa is usually associated with preservation of touch sensation over the face and
preservation of the corneal response. The reason, this procedure has not been
carried out in general neurosurgical practice in spite of its obvious advantages is
because of the associated morbidity and mortality in any suboccipital surgery.

Recently with the advances made in temporal bone surgery, primarily initiated

and encouraged by Dr. William HOUSE, the authors have devised a technique
whereby going through the temporal bone the posterior root can be exposed with-
out the associated morbidity of a conventional suboccipital craniotomy. This
approach entails the use of an operating microscope and high speed drills. In this
way, there is increased lighting and magnification as well as more precise control
of neurologic and sensory structures in the temporal bone. The procedure is carried
out through a mastoidectomy. The bone is removed over the sigmoid sinus and for-
ward to the posterior semicircular canal. This then exposes the dura between the
sigmoid sinus and the posterior semicurcular canal. The dura is then opened. The
opening is no more than a centimeter in length. The surgeon then is enabled to go
along the face of the petrous ridge to the posterior root of the fifth nerve. This
nerve lies anterior and superior to the seventh and eighthnerve complex. The mo-
tor root lies on the anterior surface of the fifth nerve in the posterior fossa and is
usually not seen. The trigeminal root is clinically oriented superiorly to inferior-
ly with the first division fibers being superior and the third division fibers being
inferior and the second division fibers lying in between. Appropriate section to

the nerve is carried out depending on the distribution of the patient’ s pain. This
procedure has the morbidity of a mastoid procedure instead of a suboccipital cra-
niectomy.

This operation has been carried out on 30 patients over the last five years. In four
patients the cerebellopontine angle tumors were encountered in the operative field
and explained the patient’s tic. The tumors were removed. In 20 patients with ty-
pical tic doloureaux section of the fifth nerve has resulted in complete disappearan-
ce of the pain with preservation of touch and motor function of the fifth nerve in eve-
ry case. In six patients with atypical facial neuralgia the results have been excellent
in two. In three patients some relief of the pain was obtained but not completely. In
another patient the results of surgery were unimpressive and despite a block to pin-
prick over the involved area the patient still complained of her preoperative atypi-
cal facial neuralgia,
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In summary, this operation is an extension of DANDY’ s work on the posterior root
of the trigeminal nerve for tic doloureaux. The microsurgical approach to the fifth
nerve through the temporal bone has several obvious advantages.

1.

The morbidity of this procedure is the morbidity of a mastoid operation instead
of the morbidity of a suboccipital craniectomy.

This procedure can be carried out on elderly patients. In our own series a pati-
ent aged 72 was operated on with no surgical problems. The fact that the patient
is supine eliminates many of the positional causes for postural hypotension and
air embolization making the procedure much less dangerous than the convention-
al operations that use a sitting position.

Anesthesia control of the patient is much better again because of the supine po-
sition that is utilized. This position is the standard position for all temporal bo-
ne surgery and approaches to the cerebellopontine angle.

The obvious advantages of the posterior root section with preservation of light
touch, the motor root are inherent in the procedure.

This procedure is to be preferred over the long-term management of tic patients
with the toxic drug Tegretol in the authors’ opinion. It is a procedure that is rea-
dily adapted for the use of otologists and neurosurgeons that are trained in the
team approaches to the temporal bone.

The authors will show movies to illustrate the various approaches. They will go in-
to the results of the surgical procedures and be glad to discuss any phases of this
approach to tic doloureaux with members of the association.



Supraspinal Pain Control by Dorsal Column Stimulation:
A Possible Neuronal Interaction at the Level of
Mesencephalic Reticular Formation

W. WINKELMULLER and H. DIETZ

Pain sensation is always a conscious phenomenon. For perception of a sensory
stimulus the convergence of specific pain afferents and unspecific, respectively
reticular, impulses in the same sensory cortical area is necessary. Pain

sensation can be abolished by general anesthesia which blocks the unspecific
projection system or by surgical interruption of the specific pain afferents. This
oligosynaptic pathway can be surgically interrupted at the spinal level by chordotomy
or by stereotactic lesion in the nucleus ventrocaudalis parvocellularis (V.c.pc.)

of thalamus.

Recently SHEALY and NASHOLD introduced a more physiological method for
handling pain by stimulating the dorsal funiculi. This treatment is based on the
gate-theory of MELZACK and WALL (1965). It is assumed that stimulation of
beta-fibers within the dorsal funiculi inhibits the activity of the slower pain
conducting C-fibers at the first spinal synapse.

The phenomenon of pain control by dorsal column stimulation is investigated in
6 own cases. The level of pain blockade is discussed including electrophysiological
and pharmacological observations.

The implantation of a dorsal column stimulator was carried out in 6 patients with
chronic, intractable pain. The results of pain control by this method were rather
different: 4 patients who suffered neuralgic pain by tumor compression of different
localization became nearly completely relieved and were taken off strong analgetics.
In one patient with metastasis of a rectum carcinoma, the radicular pain sensation
could be suppressed but not the localized pain caused by osseous metastases.
Dorsal column stimulation had no effect in a patient with phantom limbs following
complete traumatic paraplegia. This patient achieved pain relief for the first

time by stereotactic thalamotomy.

The question arises if such a selection of pain interruption should rather be localized
at the central level of pain management than directly at the entrance of pain
information in the spinal cord. The centripetal influence of dorsal column
stimulation with various frequencies has been investigated by means of EEG
recordings. We observed that 25 to 150 c¢/sec stimuli suppress spontaneous

alpha activity. (Fig. 1). During the desynchronized phase in the EEG a discrete
bilateral mydriasis could be noticed. Accordingly, we assume that a polysynaptic
unspecific activation by dorsal column stimulation is induced in the reticular
formation.

The impulses ascend in the dorsal funiculi to the nucleus gracilis and cuneatus
and reach the V.c.pc. of thalamus by the crossing lemniscus medialis (Fig. 2).
According to electrophysiological investigations of FRENCH et al. (1953),
collaterals terminate at reticular nuclei in the midbrain level and establish
contact to the ascending activating system. At this level an interaction between
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noci- and proprioceptive afferents is possible because the spinothalamic tract
also sends collaterals to the reticular gray.

HAGBARTH and KERR (1954) as well as KING et al. (1957) demonstrated that the
midbrain reticular formation exerts a tonic control on pain afferents. Stimulation
of this structure - producing an arousal reaction in the EEG - reduce the size of
potentials evoked by pain in the sensory nuclei of thalamus and in the cortical
projection area. Also, the diencephalic forerunners of the reticular activating
system (medial thalamic nuclei, pallidum, putamen and caudate) have a suppress-
ing influence on nociceptive stimuli (LONG, 1959). On the contrary, the cortical
potentials evoked by pain become more localized and increase if the mesencephalic
reticular formation is blocked by barbiturates or by coagulation. In this case,
painful stimuli cannot reach the level of consciousness.

The pharmacological pain control with potent neuroleptica seems to affect the un-
specific side of pain transmission too. Parallel to our clinical observations we
studied the influence of Haloperidol on the unspecific activating system of cats:
low frequent stimuli in the mesencephalic reticular formation produce unspecific
phenomena (spindling and recruiting) in the ECoG (Fig. 3). 100 c¢/sec stimuli
elicit a desynchronisation in the ECoG and an increase of arterial blood pressure.
Following the application of Haloperidol the unspecific responses in the ECoG are
inhibited and the blood pressure increase is blocked.

Thus the inhibition of pain projection is achieved pharmacologically by suppression
of reticular afferents and by activation of the same system following dorsal column
stimulation.

Thus pain perception is highly modulated by the degree of consciousness mediated
by the diffuse projection system. The dorsal column stimulation cannot exert

such an influence at the spinal level but more readily in the higher integrative
midbrain. '
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5 min after i.v. injection of
2 mg/kg Haloperidol

Fig. 3. Midbrain induced unspecific responses in the ECoG (Spindling and
Recruiting) as well as blood pressure increase are blocked following the
application of Haloperidol (right)



Osseous Instability in Cranio-Vertebral Dysplasia
(Abstract)

W. SEEGER and A. L. AGNoOLI

A short motion picture on a case of assimilation of the atlas associated with
residual occipital vertebralization. It will be shown - with the aid of X-rays,
drawings and a clay model - that additionally to the associated malformations,

the instability of the clivus due to cleft formation between the jugular foramina,
endanger the statics of the cranium should a suboccipital decompression be
performed. The authors will demonstrate the anomalies in course of the vertebral
artery and of the medulla, and will briefly discuss stabilizing measures.
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Lumbal Dermal Sinus with Lateral Sinus Opening
(Abstract)

K. DUNNEBEIL and P. RUNGE

It is well known, that recurrent meningitis in childhood is most likely caused

by an open communication between the central nervous system and the environ-
ment, constituting a congenital dermal sinus. The opening is generally located
in the dorsal medial line. A careful inspection of the skin is necessary, because
the sinus opening is usually tiny.

We have operated on a child with dermal sinus who had suffered from recurrent
meningitis, and in whom the very small opening was located exceptionally

lateral to the dorsal medial line. The dermal sinus extended medially in a
transverse direction and terminated in a dermoid cyst in the subdural space.
Furthermore, the child had vertebral anomalies, which probably can be explained
by the same teratogenetical mechanism as the dermal sinus.

The rare lateral location of the sinus opening led to diagnostic difficulties in
this case.
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Hematomyelia with Paraplegia Following Coarctation
of the Aorta

T. TzoNOS

In cases of coarctation of the aorta neurological findings from the side of the spinal
cord need not occur if a network of collateral vessels has developed. Cases of
coarctation of the aorta with neurological findings are rare in literature. These
neurological findings consist of pain and cramps, ''going to sleep'" (TYLER et al.),
a partial BROWN-SEQUARD syndrome (HERRON et al.), as well as incomplete
(CHRISTIAN et al.) and complete paraplegia with urinary insufficiency (HABERER,
HENNING et al.). In lighter cases the pathogenesis of these neurological findings
can be explained as a result of direct pressure of the collateral vessels on the
spinal cord, or of ischemia. Neurosurgical treatment has not yet been reported.

In the case here reported, a fifty-year-old man with a hitherto unrecognized
coarctation of the aorta suddenly developed an almost complete paraplegia of the
lower extremities. When admitted to the hospital sixty hours later, he had pink
spinal fluid and the Durolyopaque-myelogram showed a complete stop at the level
of D 1/2 (Fig. 1). Laminectomy was performed immediately. The paravertebral
muscles showed dozens of thick arteries, evidently collateral vessels, later
demonstrated by angiography (Fig. 2). The spinal cord was edematous and sangui-
nous. Its ventral side was of blue-black colour. No fluctuation and no angiomatous
malformation was seen. The ligamenta denticulata were cut through, the dura closed
with insertion of a graft. Eight hours after the operation the patient could already
move his legs again and showed further neurological improvement.

In this case,we assume that a hemorrhage from the arteria spinalis anterior or
from an aneurysm,caused the symptoms. Possibly the spinal artery was patent.
We think,the good result obtainedsis due to laminectomy. The hemotomyelia and
the edema of the spinal cord would probably have led to myelomalacia. The coarc-
tation has since been corrected and the patient recovered well.
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Fig. 1. Complete stop D 1/2

V Fig. 2. Colateral vessels demonstrated
by angiography



Spontaneous Subarachnoid Hemorrhage Due to Spinal
Vascular Malformations

J. WAPPENSCHMIDT |, E. LiNS, and R. WULLENWEBER

The number of vascular malformations in the spinal canal, diagnosed intra vitam
has increased considerably following the application of spinal angiography. This
circumstance has also provided a greater amount of information on the spinal
causes of spontaneous subarachnoid hemorrhages. Because of the non-characte-
ristic symptoms in such cases, the source of hemorrhage is frequently not
recognized until the disease has progressed to an advanced stage.

Our material comprises seven angiomas and two true saccular aneurysms in the
spinal subarachnoid space. Six of these cases had the clinical picture of a spon-
taneous subarachnoid hemorrhage. Two angiomas showed obvious signs of spinal
compression even before the hemorrhage. In these it was not difficult to identify
the source of hemorrhage. In cases such as these, subarachnoid hemorrhages have
a bearing on the differential diagnosis, since they tend to narrow the broad spec-
trum of possible causes to two: vascular malformations or vascular tumors. There
are four cases, however, that deserve particular interest. In these cases the
initial symptom was recognized as an apoplectic subarachnoid hemorrhage, while
localizing signs did not develop. Two of the cases were identified as angiomas of
the cervical spinal cord.

In case No. 1 the spinal symptomatology had begun 15 months ago, and in the second
case not until 5 years after the insult. In this latter case there was a combined
epidural, vertebral, and spinal angioma.

The characteristic angiomatous vertebrae C 5 and C 6, with a reduced interver-
tebral space, and the constricted spinal canal, are shown in the plain lateral view
of the cervical column. Myelography showed the intradural angioma, recognizable
by the pathognomony of the stop at the C 3/C 4 level (Fig. 1).

Only the epidural angioma was removed during surgery, while the intradural
angioma appeared to be inoperable. The following figure shows the arteriograms
of the patient 4 years after a second subarachnoid hemorrhage had occurred,
causing a 4 weeks disturbance of consciousness and a considerable deterioration
of the neurologic state. '

The illustrations provide a highly contrasting and homogeneous display of the
vertebral as well as of the intradural angioma; the afferent vessels originate from
the enlarged arteriae cervicalis ascendens and profunda (Fig. 2).

The afferent vessels and portions of the intradural angioma have been ligated in

an additional operation. The control arteriogram shows a distinct reduction of the
angioma (Fig. 3).
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Subarachnoid hemorrhage without localizing signs was also the initial symptom in
two cases of true saccular aneurysms in the upper cervical spinal canal. In both
the violent pain in the nuchal and occipital regions, prodromal of the disturbance

of consciousness, were interpreted as meningism, and cerebral angiographs were
made assuming the existence of an intracranial vascular malformation. This
appeared to be an appropriate measure since in the meantime misleading signs suchas
fundoscopic and EEG irregularities had been disclosed. The next figures show the
arteriograms of the two patients, including the case already described, to demon-
strate the approximate similarity of locations.

In the lateral views the aneurysms are located in the upper spinal canal between
the occiput and the atlas, somewhat behind the dorsal aspect of the odontoid, and
adjoining the ventrolateral circumference ot the spinal cord. In the sagittal views
the aneurysm, in both cases, is projected to the right of the midline, no identifi-
cation being possible as to whether the stalk originates from the inferior cerebellar
artery, the vertebral, the first segmental artery, or from a persisting embryonic
vessel (Fig. 4 and 5).

At surgery the origin of the aneurysm was described, in case No. 1, as being the
vertebral artery, ventral from the rootsof the accessory nerve and the first
cervical root. In case No. 2 the aneurysm was found to be located immediately
adjacent to the lower cerebellar artery which had to be occluded.

The control angiograms in both cases show the complete occlusion of the aneurysm,
the vertebral arteries remaining open. In case No. 1l the only residual deficit
consisted in a slight weakness of the sternocleidomastoid, while case No. 2 had
Wallenberg’ s syndrome (Fig. 6). In conclusion we shall briefly describe a case of
a tumor in the cauda region, which was admitted following two subarachnoid
hemorrhages at short intervals, and showed severe disorientation of the patient.

In this case, too, there had been no signs of spinal compression, which led us to
plan a cerebral angiography first. Spinal diagnostics was resorted to because of

a subsequently stated pain in the back, irradiating to both legs which had been
present for two years.

In this case even the plain X-ray indicated the location of the tumor in the cauda
region, showing a distinct excavation of the dorsal aspect of the second and third
lumbar vertebrae. A complete stop was seen in the myelogram. A heavily
vascularized ependymoma was disclosed at surgery (Fig. 7).

The above case histories and those described in the literature demonstrate that in

a percentage of cases which cannot be exactly defined, spinal vascular malformation
and tumors initially cause subarachnoid hemorrhage without focal signs. Not
infrequently, however, the same can be ovserved in hemorrhages from intracranial
sources. Therefore, the temptation is great to limit oneself to cerebral angiography,
surgical disorders of the spinal region, which can lead to irreversible transverse
section if left to itself, remaining undetected.

It is simple enough,either to identify or to rule out cervical vascular malformations.
They very often tend to be hemorrhagic. Since the cervical spinal vascular system

- similar to the vertebrobasilary system - can be visualized by brachial or sub-
clavian arteriography, it is not difficult to examine, the cervical vessels additional
to those of the posterior cranial fossa. Vascular diagnostic measures involving the
thoracic and lumbar cord vessels, however, should not be applied unless a tumor
has been excluded as the source of the hemorrhage by means of plainroentgenograms
of the spinal column and positive myelography.
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Fig. 1la.

Fig. 1b.

Fig. 2.
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Fig. 3.

Fig. 4a. (left)
Fig. 4b. (right)
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Fig. 6a.

Fig. 6b.
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Addendum



Presidential Remarks

"Behutsame Pflege des Alten
und frischer Wagemut fiir das Neue"

ADOLF BUTENANDT
(Nobelprize 1939)

In his opening lecture - not to be published in extenso - at the 24th Annual Meeting
of the German Society of Neurosurgery in Mainz, 1973, the Society’ s President
gave a brief review of the state of art of Neurosurgery, its present problems
and its future tasks. The favorable perspectives as well as the possible dangers
for the further development of our specialty were analysed in view of some
historical data. The increasing importance of applied experimental and clinical
research was stressed while, on the other hand, caution was recommended
against the precipitous and uncritical fragmentation of Neurosurgery into sub-
specialties. Nevertheless, enough room must be left for the necessary develop-
ments. A strong recommendation was addressed to the German Government that
the coming reforms in Public Health and hospital structure be determined by the
patients’ needs and not by the convenience of the Government organs or by utopic
political ideologies.

Several jubilees were celebrated during the 24th Annual Meeting of the German
Society of Neurosurgery. The 100th birthday of OTFRID FOERSTER was com-
memorated in the presence of members of his family,

The honorary members of our Society, WILHELM TONNIS and ARIST STENDER,
celebrated their 75th, resp. 70th birthday. This is reason enough to pay reverence
to the personalities and achievements of these two honorable men and co-founders
of the German Society of Neurosurgery. Another marking feature of this year’s
Meeting was the bestowal of the OTFRID FOERSTER -Medal upon HUGO
KRAYENBUHL for his outstanding merits in the field of Neurosurgery.

KURT SCHURMANN

Board of the Deutsche Gesellschaft fiir Neurochirurgie 1972-1974:

President: Kurt Schiirmann, Mainz
Vice-President: Helmut Penzholz, Heidelberg
Secretary: Wolfgang Schiefer, Erlangen
Treasurer: Horst Wenker, Berlin

Organizing Committee of the Annual Meeting in Mainz 1973:
Kurt Schirmann, Hans-Jirgen Reulen, Madjid Samii, Dieter Voth
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In Memory of the 100th Birthday of OTFRID FOERSTER

On November 9, 1973, we shall celebrate the hundredth anniversary of the day,

on which Otfrid FOERSTER was born in Breslau as the son of Richard FOERSTER,
professor of classical languages, archeology and eloquence. On this special
occasion the German neurologists ought to remember this magnificent man with
gratitude and veneration.

His life-work is of equal rank with that of his close friend, the great pioneer of
modern neurosurgery, Harvey CUSHING. Both had come to neurosurgery from
different directions, CUSHING from surgery, FOERSTER from neurology.
Already as a student, FOERSTER had taken great interest in the lectures of the
great neurologist in Breslau, WERNICKE, and after having finished his studies,
he spent, on his advice, two years with DEJERINE in Paris and FRENKEL in
Switzerland in order to work at therapeutic exercises for neurological patients.
This led him to his first remarkable scientific work on '""Therapeutic exercises
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for tabes dorsalis'" (1901) which also reveals the two fundamental qualities which
accompanied him through all his life: shrewd observation and analysis of neuro-
logical symptoms associated with a strong will to draw logical consequences for
therapy, i.e. to be physician and scientist at the same time.

The fateful idea to use the scalpel for treating this kind of diseases rose from the
observation that hemiplegia may take an atonic course in tabetics. The affection
of the posterior roots characteristic for tabes, an "experiment of nature",
encouraged him - also in moral respect - to dare the "experiment of operation':
in 1908 he recommended to resect the posterior roots as therapy for spastic para-
lyses. One year later he introduced resection of the posterior dorsal roots for
treatingotherwiseuninfluenced pain. These kinds of intervention, still known as
"FOERSTER’ s operation' to-day, soon helped him to attain celebrity all over the
world. These achievements, however, incited him to even more intensive research
work. Both, most exact neurological examination before and after operation as
well as electric stimulation of accessible nerve roots on the operating table,
enabled him to compile a complete map of human dermatomes, which has not lost
its significance until today. While initially FOERSTER had only been assistant

and investigator to surgeons assuming a benevolent attitude toward him, he now
became more and more an independently operating '"neurological surgeon'. With
integrity and thorough indication, he transformed every operation into a permitted
though audaciously directed and ingeniously performed experiment.

Surgery of the spinal roots was soon followed by surgery of the spinal cord itself.
In 1913, he was the first in Europe to transect the anterolateral column for the
relief of pain, and as early as 1917 he was able to report a successful total
extirpation of an intramedullary tumor of the spinal cord. Any expert will know
that under the conditions of that time, only a man who combined exact anatomical
and physiological knowledge of the spinal cord with utmost manual skill, scrupulous
attention and physical persistency, would succeed in this task.

During World War I, when innumerable soldiers were wounded, he became
outstanding in the field of surgical tratment of peripheral nerve injuries. Almost
5.000 patients with peripheral nerve injuries went through his hands. He operated
upon 775 of them most successfully. He mastered equally well the technique of
covering too serious defects by means of autoplastic transplantations, and the
indication to internal and external neurolysis. The most remarkable results of
this gigantic work were his outstanding contributions to a handbook, the first on
"Symptomatology and therapy of gunshot injuries of peripheral nerves' and the
second on ''Special physiology and special functional pathology of striped muscles',
published in 1929 resp. 1937, which, to the present day, have lost nothing of their
significance.

Towards the end of World War I and during the first years thereafter he dedicated
himself increasingly to the operative treatment of patients with gunshot scar of
the brain. Based on hundreds of stimulations ofthe cerebral cortex during surgical
procedures resulted his classical works on epilepsy and '"functional anatomy' of
the cerebral cortex.

FOERSTER devoted the last two decades of his life increasingly to problems of
brain tumors and the autonomous nervous system.

All these facts help to complete the picture of a remarkable man, scientist and
physician. We have been able to mark only a brief review of those among his
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numerous achievements which were of decisive influence for the development of
modern neurosurgery. His directive impulses to neurology, orthopedics and
particularly to the rehabilitation of neurological patients can only be indicated
here.

Above all, the memory of Otfrid FOERSTER should remind us of keeping awake

the interest in his scientific bequest also among the young generation and of
carrying on in his spirit for the benefit of science and the patient.

HELMUT PENZHOLZ



To the 75th Birthday of WiLHELM TONNIS

"Ehret Eure grossen Meister,
dann bannt Ihr gute Geister"

HANS SACHS (1494-1576)

It appears most appropriate to apply the above sentence by HANS SACHS chosen
by WILHELM TONNIS to patronize the highest awards of the German Society of
Neurosurgery, the FEDOR KRAUSE-Medal and the OTFRID FOERSTER -Medal
to WILHELM TONNIS himself.

In the person of WILHELM TONNIS, on the day of his 75th birthday, June 16, 1973,
we pay tribute to a veritable master of Neurosurgery. TONNIS made his acquain-
tance with Neurosurgery when he went to Stockholm 1932, to work with HERBERT
OLIVECRONA as a Rockefeller-stipendiary. Thanks to his indefatigable clinical
and scientific work he eventually convinced, in a few years, those who opposed

to Neurosurgery as an independent specialty. As early as 1937, TONNIS became
chairman of the first German Chair of Neurosurgery in Berlin. The systematic
work at the bedside and in the operating theater was complemented by the straight
collaboration with HUGO SPATZ, the Director of the Kaiser-Wilhelm-Institute
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for Brain Research in Berlin-Buch. This is a vivid example of the fruitful relation-
ship between Brain Research and Neurosurgery. TONNIS became Head of the
Division for Tumor Research and Experimental Pathology of the Brain of this
Institute.

A period of widespread clinical and experimental research had begunwith the birth of
fundamental publications on intracranial hypertension, brain edema, cerebral
circulatory diseases, tumors and vascular malformations of the brain. Due to
his research and to his successful surgical activity TONNIS earned worldwide
recognition within a few years. Thanks to his initiative, the '"Zentralblatt fir
Neurochirurgie', the first neurosurgical journal in the world, was founded and
is still related to his name. Although the Second World War imposed limitations
on this fast and promising career, TONNIS dedicated his best efforts to the in-
juries of the brain, spinal cord and peripheral nerves. With almost incredible
organisational ability he established the basic principles for the care of the
injured from the moment of injury until their rehabilitation. Accumulated
experience during this period constituted the base for the treatment of cranio-
cerebral injuries for many years. Following the War, the places where TONNIS
had worked, had been lost. 1946 TONNIS began the reedification-work of the
Department for General Surgery, Trauma Surgery and Neurosurgery at the
Knappschaftskrankenhaus in Bochum-Langendreer until 1948, when he became
chairman of the newly created Chair of Neurosurgery in Cologne. Here, with
his peculiar dynamism, he built up his new clinic according to his high rank as
a clinician, scientist and teacher. Here he exerted his undefatigable and fruitful
activity until his retirement as Emeritus in 1968. Patients and pupils from all
over the world came to Cologne to see WILHELM TONNIS, a testimony of his
unequalled qualities as physician and teacher. The teacher-pupil relationship
between OLIVECRONA and TONNIS became a firm friendship, the expression
of which is the '""Handbuch der Neurochirurgie', jointly edited by both masters
and their pupils. During the highly fruitful years to follow, TONNIS concentrated
his efforts on the classification of cranial traumas, on the symptomatology,
diagnosis and therapy of tumors and vascular malformations of the brain.
Simultaneously, he invested much time and personal engagement in the task of
making neurosurgery a well-known and independent specialty, and in helping

to found the German Society of Neurosurgery, which owes him so much. Today
TONNIS can proudly contemplate the fruits of his undefatigable activity. More
than words, the numerous homages from 311 over the world give a vivid testimony
of his merits. WILHELM TONNIS is an honorary member of numerous national
and international Medical Societies, doctor honoris causa of several foreign
universities, and carrier of the OTFRID FOERSTER-Medal, the ERB-Medal,
the HARVEY CUSHING-Medal, the PARACELSUS-Medal and the WALTER
POPPELREUTER-Medal.

With veneration, gratitude and affection, his pupils and friends, as well as the
members of our Society, wish the man who is frequently considered as, and in
fact constitutes, the "Father of German Neurosurgery', good luck, health and
joy of life for many years to come!

KURT SCHURMANN



To the 70th Birthday of ARIST STENDER

On April 12, 1973, Professor Dr. A. STENDER, retired professor of neuro-
surgery and former director of the Neurological-Neurosurgical University
Hospital Berlin-Westend, completed the 70th year of his life. The German
Neurosurgeons extend to him their sincere wishes of fortune and blessing.

ARIST STENDER has earned outstanding merits during the stormy development
of neurosurgery during the past 50 years. He belongs to those neurosurgeons,
who always paid special attention to the neurological part of his specialty. His
teachers MAX NONNE, HEINRICH PETTE and later, OTFRID FOERSTER,
exerted great influence on him. He had his surgical training with BRUTT.
Additionally, he worked for some time with the American Neurosurgeons
CUSHING and BAILEY.

In 1939, he became the neurosurgical successor of OTFRID FOERSTER in Breslau.
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During the War, he dedicated himself successfully to the care of peripheral
nerve injuries, systematically enlarging the basic knowledge created by OTFRID
FOERSTER. Following the War, when he was forced to give up the directorship
of his hospital in Breslau, he immediately succeeded in founding a Neurological-
Neurosurgical Department at the University Hospital of Westend in Berlin-
Charlottenburg, which very soon became one of the leading hospitals in teaching
and research.

In 1950, he was one of the prominent founders of the German Society of Neuro-
surgery, in 1969, he became one of its Honorary Members. The planning of the
two recently inaugurated Neurosurgical Clinics in Berlin-Westend and Berlin-

Steglitz conceived according to the most modern aspects, was largely his work.

The German Neurosurgeons wish him good luck and health for many more years.

HELMUT PENZHOLZ



Bestowing of the OTFrRID FOERSTER-Medal Upon
HuGo KRAYENBUHL

""Idee und Erfahrung werden in
der Mitte nie zusammentreffen,
zu vereinigen sind sie nur
durch Kunst und Tat"

GOETHE to SCHOPENHAUER
(1816)

When the German Society of Neurosurgery instituted the FEDOR KRAUSE- and
the OTFRID FOERSTER-Medals in 1950, it was led by the scope of keeping alive
in our Society the memory of these two German pioneers in Neurosurgery. The
bestowing of one of these medals is celebrated by a Memorial Lecture and con-
stitutes the highest honor, bestowed by the German Society of Neurosurgery to
one of the most outstanding Neurosurgeons of today.

On his 100th birthday OTFRID FOERSTER is alive in our memories as the in-
genious interpreter of his surgical experiences enriching Neurophysiology and
Neuropathology. Thus, what was more appropriate, than to confer the medal in
his honor to, and have his Memorial Lecture held by HUGO KRAYENBUHL, a
neurosurgeon, scientist and teacher ranking among the most prominent neuro-
surgeons in the world. The bestowing upon KRAYENBUHL of the highest honor
of our Society , honors our Society itself. As WILDER PENFIELD expressed it,
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KRAYENBUHL ranks equally with HARVEY CUSHING, WALTER DANDY,
CHARLES FRAZIER, ERNEST SACHS and his own teacher, Sir HUGHES CAIRNS.
Nothing is left to add, since KRAYENBUHL gathers in a unique way in his work
and personality the synthesis made by GOETHE in his letter to SCHOPENHAUER,
as cited above.

Mainz, May 3, 1973 In the name of the
Deutsche Gesellschaft fiir Neurochirurgie

KURT SCHURMANN



Otfrid-Foerster Memoral Lecture
The Treatment of Intramedullary Spinal Cord Tumors and
Cervical Syringohydromyelia

H. KRAYENBUHL

It is a great honour and pleasure for me to deliver a Memorial Lecture to the
memory of OTFRID FOERSTER in the year of his 100th birthday and thus also to
be able to express my hearfelt thanks to the German Neurosurgical Society.

I regard this highest distinction of the German Neurosurgical Society as the climax
of my academic career. At the same time, I am now able to repay a debt of grati-
tude to the leading German neurologist and, neurosurgeon, who was my friend ever
since the memorable meeting of the Society of British Neurological Surgeons and
the German Neurosurgeons in the year 1937 in Breslau. Because at this meeting
the treatment of intramedullary tumors, among other topics, was discussed and
OTFRID FOERSTER had in 1917 already reported on the first successfully opera-
ted intramedullary spinal cord tumor, it is a great pleasure for me to comment

on these questions which are always absorbing to neurosurgeons and to report on
the operative results obtained since FOERSTER’ s time.

The case reported in 1917 was that of a 40-year-old female patient with an advan-
ced motor and sensory tetraplegia. It is remarkable that the level diagnosis was
made exclusively from a neurological point of view and a radical extirpation of a
solid intramedullary glioma from Cg-Dj.was accomplished by careful morcellation
of the tumor with an excellent functional result. The patient was capable of walking
again by herself with only a moderate ataxia, and the paretic muscle groups of the
arms became practically completely functional. Truly a sensational result: In two
further cases reported in 1920 one enormously long tumor from C2-L4 could not
be radically removed, and the second patient died from pneumonia after a radical
extirpation of the tumor from Dg to the medulla oblongata. In 1935 FOERSTER re-
ported together with GAGEL a success rate of 30% in 20 intramedullary tumors
with operative mortality of 15 %. This result obviously did not satisfy the Master
Neurosurgeon as he wrote pessimistically with BAILEY in 1936 in ""A Contribution
to the Study of Gliomas of the Spinal Cord with Special Reference to their Operabi-
lity'"': "Finally one may attempt to dissect out the tumor at the first operation. Our
own experience and a study of the literature make us inclined to think this procedu-
re rarely advisable''.

Also CAIRNS and RIDDOCH wrote in 1931 that the best method of treatment of the
different types of intramedullary tumors was still an open question. In the following
years the different authors occupied themselves with the question as to whether the
suitable therapy was surgical, X-ray or a combination of both. GREENWOOD pre-
sented by far the most important contribution (1954, 1963, 1967) in that he indicated
the outstanding significance of employing bipolar coagulation forceps in the shelling
out of the tumor because bipolar coagulation under constant saline irrigation cannot
damage the spinal cord tissue surrounding the tumor. Also the advantage of using
fairly strong magnifying eyeglasses during the operation was . established.
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GREENWOOD accomplished the radical removal of nine ependymomas with good

to very good late functional results, while in his series only one astrocytoma could
be radically removed. In 1967 I have, together with YASARGIL, indicated the advan-
tages of the microsurgical technique which, under stereoscopic view and with fine
instruments permits, one to handle and spare the tissues in the best possible man-
ner. As to how far these expectations have been fulfilled in the surgery of intra-
medullary tumors, I wish to set forth in today’ s paper on the basis of our material
of 80 cases in the period from 1940 to the beginning of 1973. The differing methods
of treatment are weighed against one another and from this discussion I will try to
ascertain which type of treatment, of those which are today at our disposal, appears
to me to be the most successful for the patients.

Case Material of Intramedullary Spinal Cord Tumors

In Table I the 80 cases are recorded according to the histological classification
which I have studied with ANGST and OBERBECKMANN. It is evident that the
ependymomas and the astrocytomas are most frequent and the spongioblastomas
and the gliomas, which are not classified more exactly, rank next. I will comment
upon the results of treatment in 64 cases of these types of tumor in order to form
a definite opinion as to the best indications for treatment. Because of time limita-
tion, I cannot discuss the rarer types of tumors; in these the problems of treat-
ment are the same as with the more frequent tumors.

Table I. Follow-up study on 80 intramedullary tumors of the spinal cord from the
Neurosurgical Clinic of Zirich in the period 1940 - 1973

Spongioblastoma 13 cases
Astrocytoma 21
Ependymoma 20
Glioma, unclassified 10
Medulloblastoma 2
Neurinoma 2
Papilloma 1
Angioreticuloma 4
Melanoma 1
Dermoid 2
Lipoma 2
Metastases (Hypernephroma) 2

80 cases
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Intramedullary Spongioblastoma

Table II refers to the treatment of 13 patients with spongioblastoma. There were
four types of treatment, namely extirpation (E), extirpation combined with X-ray
treatment (E+X-ray), decompression with tumor biopsy (D) and decompression

with tumor biopsy with subsequent X-ray treatment (D+X-ray). In group E case 3
died of cerebral metastasis of the glioma despite radical extirpation with microsur-
gical technique and case 13 with subtotal resection died as a result of increase of
tetraparesis postoperatively with intercurrent illness. The remaining four cases
showed a substantial improvement of the preoperative paretic signs, of whom the
three undergoing radical operation were able to walk normally (i.e. 100 %).

As an example, case V.J., a 17-year-old female student is mentioned. 10 years
after radical removal of the tumor (Fig. 1) she is fully capable of carrying on her
daily activities; she displays slight weakness of the right hand, atrophy of the small
hand muscles and analgesia and anesthesia in the right eighth cervical dermatome.
The microsurgical subtotal extirpation of the tumor in case 4 brought about an im-
provement of motor function of the left leg after a transiently increased paraplegia.

In the group E+X-ray case 2 showed a transient improvement only; and died of a
tumor extension into the ventricular system after one year. On the other hand, case
8 can walk by himself with a cane 25 years after operation with marked spasticity

in the right arm and leg as before operation. As to how much the X-ray treatment
contributed in this long catamnesis is doubtful in the assessment of the radical
tumor extirpation. In case 10 of group D decompression led to death immediately
after operation. The tumor was localized in the upper cervical cord up to the medul-
la oblongata.

In group D+X-ray two cases died; case 5 showed an improvement over many years
with complete working capacity after a transient decline. Finally, however, becau-
se of progressive worsening, 13 years later, she underwent reoperation with sub-
total tumor resection during which cardiac arrest led to exitus. The second case
(case 6) died of cachexia after progressively getting worse. In case 1 an amazing
improvement of the neurological symptoms is maintained provisionally over two
years and in case 11 over three years in that there is subjective absence of symp-
toms with slight neurological signs.

In this comparison of the types of treatment, it is seen that radical tumor extirpa-
tion affords the best results; success with radiation over years is probable only in
cases 1 and 11. It is notable that the best operative successes were obtained with
the tumors localized in the middle and lower cervical cord.

Intramedullary Astrocytoma

Table III relates to intramedullary astrocytomas. With 21 patients the tumor was
radically removed 8 times and the spinal cord radiated three times in addition. In
3 further cases a subtotal extirpation of the tumor was carried out. Of these cases,
five (cases 2, 3, 8, 18, 19) showed a good to very good result (i.e. 80-100 % =gait
normal). Case 9 is of particular interest; at present there is a twenty-year catam-
nesis with complete ability to work and only bilateral Babinski reflexes and reduc-
tion of vibratory sensation in both lower legs as neurological signs. In case 19 this
ll1-year-old boy underwent a radical removal of a cystic and solid astrocytoma of
the entire spinal cord from C] - L, in three laminectomies (Fig. 2) employing
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microsurgical techniques. The patient could walk and normal movements of the arm
were, attained postoperatively; on the other hand, disturbances of micturation and
defecation remained. Only in case 15 did subtotal resection of the tumor result in

a satisfactory result in that the patient has practically a normal gait 3 years after
operation. With a 13-year-old female, B.H. (case 21), the intramedullary glioma
with unclear boundaries was subtotally removed with microsurgical technique. The
illness led to death 3/4 of a year later as a result of tumor extension from the third
ventricle to the conus terminalis. In group E+X-ray, only in cases 5 and 6 was the
result (with unchanged paraparesis of the legs) satisfactory by means of excellent
rehabilitation therapy. In the remaining 4 cases the result remained poor because
of progression of the illness and finally death. Decompression alone has practically
always failed; only in case 7 has the preoperative paraplegia remained stationary
during 26 years; the patient was fully rehabilitated. At operation a biopsy for tumor
diagnosis was obtained by aspiration. The result in 3 cases with decompression and
X-ray therapy remained unsatisfactory; the illness worsened progressively until
death after years of illness in case 11 and 13. In case 3 the possibility of X-ray
damage to the spinal cord remains in that 2 months after the application of a second
X-ray series the neurological picture rapidly deteriorated. In case 8, following
decompression, no change in the neurological deficit appeared; on the other hand,
radiation of the tumor in a foreign clinic showed, after a probable initial improve-
ment, a progressive worsening until tetraplegia occurred.

As we look over the results of the astrocytoma group there is no doubt that the best
results were attained with radical removal of the tumor. Decompression and par-
tial tumor removal with and without radiation gave almost exclusively disappointing
results.

Intramedullary Ependymoma

Table IV summarizes the 20 patients treated who had intramedullary ependymoma
and shows that in the great majority of cases radical extirpation of the tumor was
the goal. Radical extirpation was attained completely 13 times. Of these, a good

to excellent functional result was attained in 6 cases (5, 10, 12, 15, 18, 20) in which
the neurological deficits largely or completely disappeared so that all were comple-
tely employable. As examples two cases are mentioned. Case 5, a dentist, who
suffered preoperative left arm pain and weakness of finger abduction of the left hand,
showed after extirpation of a partly cystic and partly solid ependymoma at the level
of C¢_7 (Fig. 3 a-c) only a diminution of vibratory sensation from D,. He has been
completely capable of working in his profession for over 9 years. Case 18 (Fig. 4
a-c), who is also completely employable, suffered postoperatively for two years
only from slight spasms in the legs after he had shown preoperatively a severe
spastic paresis of the legs with hypesthesia from C6/C7. In 7 patients the result

of operation was unsatisfactory in that a more or less severe paresis of the legs
remained. In this group one death is to be regretted. In case 1, a 19-year-old
patient after a decompression and radiation carried out abroad without inhibition of
the progressing paresis, a 15-cm-long partially solid, partially cystic ependymoma
from D3 to the medulla oblongata was removed by microsurgical technique with a
clear tendency toward improvement of the paresis over three months. Then a
deterioration appeared again so that reoperation was carried out because of suspi-
cion of hematoma or adhesions. During operation a fall in blood pressure occurred,
possibly as a result of an infusion incident, and then death. In 3 cases with partial
tumor extirpation (7, 14,17) there was initially no change over the preoperative con-
dition; then the condition visibly worsened, and finally in the course of months or a
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number of years the patient died. Of the two radically operated and radiated patients,
in case 12 an excellent functional result was attained with complete employability,
while case 9 died in a foreign country of cachexia after almost 18 years with a poor
operative result and probably progressive worsening. In case 6 a partial tumor
removal was carried out abroad and then radiation; later paraplegia occurred which
could not be improved by a subsequently carried out radical extirpation under the
operating microscope. Case 1 was similar. In the decompression grbup in case 3
preparatory to reoperation two months later, cardiac arrest occurred during intu-
bation for anesthesia. Case 11 was not changed neurologically after operation and
died as a result of pulmonary embolus after one month. Case 16 improved for more
than a year and tentatively is somewhat improved compared to his condition before
operation, while case 2 with decompression and radiation has remained in an un-
changed poor condition for 18 years. From this compilation it is evident that the
outstandingly good results with radical extirpation of the tumor are attained at the
level of the middle and lower cervical cord. The worst results are found with the
tumors in the middle and lower thoracic cord.

Unclassified Intramedullary Glioma

In Table V, ten cases of glioma which cannot be classified more exactly are sum-
marized. This was either because only a rapid section of the tumor during operation
was carried out with the diagnosis glioma, or the biopsy material permitted no
clear differentiation of the glioma. Immediately after operation 5 patients showed a
deterioration of their condition; 4 were unchanged compared to their preoperative
status and one patient showed an improvement. The latter is case 6, in which two
months after operation the postoperative tetraplegia diminished partially, and over
two years the patient was well rehabilitated. The 3 cases with decompressive
laminectomies alone had all progressively worsened and finally died. Of these,
case 4 is particularly striking because of his long survival of 13 years with com-
plete tetraplegia and finally death with cardiac insufficiency. In the decompression
and radiation group case 1 and case 8 showed a slight improvement during some
weeks and months, but then more or less rapid progression of the paresis until
death. The remaining 6 cases did not respond at all to the treatment and have
progressively worsened in the course of months. Case 5 is notable insofar as he
showed at a later repeated laminectomy, after 3 postoperative radiation series,

a completely necrotic spinal cord over 8 segments, probably the sequel of late
radiation effect. This radiated case demonstrates emphatically the problem of
radiation treatment of intramedullary spinal cord tumors. BODEN showed in 1948
for the first time on the basis of 10 well documented and proven cases the possible
complications of radiation-induced myelitis of the spinal cord and published the
first radiation tolerance curves. BOUCHARD ( 1966) emphasized correctly that
with the intramedullary gliomas a diseased spinal cord is involved whose blood
supply is compromised to a certain degree and whose narrow, long structure
makes it a highly vulnerable organ. On the basis of our case material we deter-
mined that postoperative radiation after spinal cord decompression by the so-called
inoperable gliomas can lengthen the survival time of the patient but that a decrease
of the neurological deficit is not attained with certainty. Also postoperative radia-
tion does not appear to offer protection from recurrence or a renewed tumor
growth.
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Discussion and Conclusion

In Table VI the therapeutic results are summarized in relation to the different types
of treatment. There is no doubt that total removal attains the best functional result
by far, that is 57 % in comparison to the group decompression and radiation with
only 14 %. Within the single types of tumor the success quota with astrocytoma is
38 %, with spongioblastoma 30 % and with unclassified glioma 10 %. I am aware of
the relativity of these small comparative figures; despite this they give us an idea
of the best treatment possibilities for these tumors.

On the basis of our clinical material, it does not follow that with microsurgical
methods better results are attained than with the classical neurosurgical methods
of operation. Despite this I have not abandoned this new technique of operation be-
cause it gives us greater security for radical tumor removal thanks to the maximal
preservation of the spinal cord tissue surrounding the tumor and the vessels.

I must emphasize the relativity of the tissue-sparing operative technique under the
microscope. The use of the bipolar coagulator, used by GREENWOOD and improved
by MALIS permits one to grasp the finest structures with very fine forceps, to
isolate them and to section them without any heating effects in the surrounding
tissue because the current with continuous irrigation with RINGER’ s solution flows
only through the inner surface of the points of the forceps. This technique appears
to me to be of greatest importance in that the coagulation takes place always on the
surface of the tumor and not on the spinal cord. In the discussion of the individual
groups I have indicated that the results with respect to function are best with loca-
lization of the tumor in the middle and lower cervical cord and worst in the middle
thoracic area. This is no doubt related to the vascularization of the spinal cord
which, according to LAZORTHES, is most ample in the cervical cord and most
sparsely developed in the middle thoracic area. It is precisely for this reason
that coagulation of the fine vessels leading the tumor itself is so important so that
the spinal vascular structures are spared. The blood supply of the tumor usually
occurs from the central structures of the spinal cord; thus it is so much more
important to spare the blood supply of the spinal cord itself by coagulating the
vessels on the tumor. Naturally the removal of the tumor and the preservation

of the tissue structures is substantially simplified when the tumor is cystic, and
demonstration and removal of the tumor from the cyst can be carried out. On the
basis of our clinical material, I am not convinced that the astrocytomas have a
less distinct boundary than the ependymomas, as is always emphasized in the lite-
rature. Under the microscope both types of tumor can have distinct or indistinct
boundaries. Despite this, radical removal is to be attempted. The microtechnique
under the microscope has proved useful to us for the removal of two lipomas also.
If the radical extirpation of the tumor succeeds, especially with an ependymoma,
it makes subsequent radiation superfluous, according to GREENWOOD. In the
patient group with decompression of the spinal cord, postoperative radiation has
prolonged survival time; however in the group with subtotal or radical extirpation
it has no clear influence on survival time.

If our results which we have attained up to now are still not satisfying, this is due
above all, to the fact that on the average tumor patients come to us at a very late
stage; thatis to say, only after someyears. Inour case material the preoperative dura-
tion of illness was 3 1/2 years! As a result of this many cases have a functionally
unsatisfactory postoperative result because the severe pre-existing paresis can no
longer be appreciably reversed. This is the reason why our results are still not
satisfying; as with acoustic neurinomas here also early diagnosis is required.
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Finally I have come to the conclusion that in the future the ideal therapy is a micro-
surgical radical extirpation which should guarantee the best result. However,
partial excision under the operating microscope entails no advantage from the
catamnestic point of view.

Cervical Syringohydromyelia

In the area of spinal neurosurgery O. FOERSTER was also interested in the opera-
tive treatment of cervical hydromyelia and syringomyelia. KUHLENDAHL in 1936
collected the case material of FOERSTER and was of the opinion that with syringo-
myelia and hydromyelia there was a similar, even if pathogenetically different
disturbance of development involved. In syringomyelia there was predominantly

a destructive process with secondary cavity formation so that no improvement
could be attained by operation. In hydromyelia, however, a high-grade widening

of the central canal is involved in which the liquid stands under high pressure so
that the operative prospects are more favourable. Thus FOERSTER, in one of

four cases of hydromyelia, made an incision 3-4 cm in length in the paper-thin
posterior wall of the cervical cord, and a substantial and sustained improvement
of the patient’ s condition was attained. In the remaining three cases the operative
results were disappointing, and the slow advance of the illness could not be inhi-
bited. Thus we have come to the view that long-term success is to be expected only
in rare cases of pure hydromyelia. This opinion remained in the neurological lite-
rature until very recently. SCHLIEP and RITTER in their review ( 1971) made the
comment that the surgical treatment of syringomyelia was only of historic interest!

The embryological basis

Even when LEYDEN in 1876 presented the hypothesis that hydromyelia and syringo-
myelia show the same pathogenesis and indeed '""that both cavitations proceed from
the central canal and are due to a pathological distention of the same origin", it
was the great contribution of GARDNER to have shown that in these forms of illness
a malformation in the sense of an obstruction of the cerebrospinal fluid circulation
exists at the level of the foramina of the fourth ventricle. According to this concept,
the cavity formation with syringomyelia occurs predominantly through the pulsatory
cerebrospinal fluid pressure surges from the fourth ventricle into the central canal.
He connected this malformation with an embryonical disturbance in the regression
of the physiological hydrocephalomyelia in the eighth fetal week when the formation
of the foramina of Magendie and Luschka in the roof of the fourth ventricle does

not occur. "If the foramen of Magendie remains closed by an elastic membrane,

the pressure of the cerebrospinal fluid can form a cystic widening of the fourth
ventricle (DANDY-WALKER malformation). If the membrane is inelastic, the
fourth ventricle is forced downward (ARNOLD-CHIARI malformation). The outlet

of the fourth ventricle is therefore bridged with a permeable membrane that funnels
the pulsations of the ventricular fluid into the central canal of the cord'". If suffi-
cient permeability of the roof of the fourth ventricle takes place later, a lower than
usual position of the cerebellar tonsils can occur without hydrocephalus. These are
the rare cases of ARNOLD-CHIARI malformation without noticeable hydrocephalus,

Clinical and Operative Experience

Considering this pathogenetic hypothesis, GARDNER presented the opinion that sur-
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gical therapy must aim at a correction of the cerebrospinal fluid course. He re-
commended therefore exploration of the posterior fossa with opening of the foramina
of the fourth ventricle and closure of the connection between the fourth ventricle and
the syrinx with a muscle transplant under the obex. The publications of GARDNER,
HANKINSON, LOGUE, MAEDER et al., HADJ-DJILANI and ZANDER, van den
BERGH et al. have contributed convincing results of this type so that we have opera-
ted 26 cases of cervical hydromyelia and syringomyelia since 1969. Because the
operative opening of the posterior fossa and the upper cervical cord still involves

a certain risk, we have in 19 cases employed the ventriculo-atrial shunt operation
according to PUDENZ-HEYER or SPITZ-HOLTER for relieving the pressure in the
syrinx. Preceding the operation we established by myelography the widening of the
spinal cord, by Pantopaque myelography in prone position, the dependency of the
tonsils, absence or existence of a slight hydrocephalus by the lumbar pneumoence-
phalogram or complete lack of demonstration of the cerebral ventricles. Of these
19 cases, 13 are substantially to very much improved, and in particular the atro-
phies, the weakness in the arms or - when present - the pyramidal tract symp-
toms in the legs have improved or even disappeared. In 4 cases the sensory findings
have normalized and in one case edema of the arms has disappeared. In 6 cases the
condition remained stationary or further deteriorated because the ventriculo-atrial
drainage was no longer patent so that a second operation the exposure of the occi-
pital foramen magnum and an upper cervical laminectomy had to be carried out.

Of these patients, two have improved insofar as their pains disappeared; on the
other hand, the condition in 3 cases remained stationary or progressed, and one
case died at this second operation because of respiratory paralysis. In 2 cases

only a cervical laminectomy with splitting of the syrinx was carried out without
thereby attaining any influence on the symptoms. In 5 cases primarily, the occipi-
tal-cervical junction was dissected with the patient in sitting position. The adhesions
were sectioned, the fourth ventricle was opened, and in 3 cases the connection bet-
ween the syrinx and the fourth ventricle was obliterated with a muscle transplant.
In 4 of these cases an improvement, in part very considerable, was attained.

The spastic paraplegia of the legs diminished or disappeared; in one case of syrin-
gobulbia the aphonia and the dysphagia decreased. To some extent the atrophy in
the region of the small muscles of the hand diminished, and the dissociated senso-
ry disturbance disappeared in some patients incompletely and in some completely.
In 2 cases the neck pain vanished and in one case the fasciculations. In one patient
a postoperative respiratory paralysis occurred and led to death.

As an example, Fig. 5 shows a characteristic ARNOLD-CHIARI malformation and
widening of the upper cervical cord of a 53-year-old male patient. The spastic para-
paresis of the legs disappeared postoperatively; on the other hand the spasticity
remained unchanged in the arm. In another case, a 34-year-old patient a very much
thickened pial and arachnoidal transverse band and herniation of the tonsils were
present in the foramen magnum with a symptomatology of one year. Following the
lysis of these cord-like adhesions the patient, after 2 months of artificial respira-
tion, expired from respiratory paralysis. The autopsy showed syringobulbia and
hydromyelia. In Fig. 6 a+b a modification of the GARDNER operation may be re-
cognized. From the opened syrinx on the left side I have pushed the muscle trans-
plant upwards to close the communication between the fourth ventricle and the
syrinx. The approach produced an excellent improvement of the neurologicalfin-
dings. In this 49-year-old female patient the muscle atrophy, claw hand and tempe-
rature disturbance existing for 7 years have completely disappeared, leaving a
slight dissociated disturbance of sensation of the left hand. Similarly excellent
progress was attained by a 32-year-old patient with a 16-year anamnesis. In this
severe ARNOLD-CHIARI malformation, opening the fourth ventricle was considered
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too dangerous so that here the connection from the syrinx to the entrance of the
fourth ventricle was closed with a muscle plug. Gross strength in the right arm and
the sensation in the right leg have substantially improved, and the atrophy of the
right hand muscles has disappeared. On the other hand, the slight flexion spasticity
in the left hand remains. Finally in a DANDY-WALKER malformation the membrane
of the cyst was resected so that the fourth ventricle, between the narrow tonsils
which were herniated into the foramen magnum, was opened widely. The numerous
transverse adhesions could be sectioned satisfactorily so that closing the communi-
cation between the fourth ventricle and the syrinx could be dispensed with. The
patient recovered quickly from the left-sided spasticity and from the dissociated
anesthesia in the right arm.

Conclusion

In summary it may be stated that, in contradiction to the still widely disseminated
pessimistic attitude to the surgical treatment of cervical syringomyelia and hydro-
myelia, a certain optimism for the future is justified. At the present time the
evaluation of the definitive therapy for this disorder clearly belongs in the realm
of neurosurgery, and I trust that I have presented this approach in the sense in
which the problem was understood by OTFRID FOERSTER.
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Fig. 1. Case 12 of Table II. Complete removal of a solid intramedullary spongio-
blastoma extending from CS to C7, about 5 cm long

Fig. 2a and b. Case 19 of Table III. Total removal ot a partly cystic, partly solid
intramedullary astrocytoma, leaving a clean cavity in the lower thoracic and in the
lumbar spinal cord
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Fig. 3a-c. Case 5 of Table IV. Complete removal of a solid intramedullary
ependymoma at the level of C6 to C7, leaving a clean cavity in the spinal cord
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Fig. 5. A case of syringomyelia. The tonsils are protruding through the foramen
magnum (Arnold-Chiari malformation) and the spinal cord is distended.
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Fig. 6a-b. A case of syringo-hydromyelia.

a. Herniation of the left tonsil and distention of the cervical cord. Syrinx incised
on the left side. A bit of muscle is impacted through the syrinx in the funnel-shaped
opening of the central canal beneath the obex (arrow)

b. Cervical cord is collapsed after insertion of the muscle plug
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size of the third ventricle 287
ultrasonic B-scan 295
EEG and brain edema 106
Energy-rich phosphates
brain edema 10
cold injury edema 176

Facial nerve
crossed cranial nerve anastomosis
263
paralysis secondary to skull frac-
tures 264
preservation 262

Head injury
brain edema 34
hyperbaric oxygen 158
intracranial pressure 52
metabolic disorders 68
ventricular fluid pressure 62, 68
Hematomyelia 341
Hypercapnia
CSF electrolyte concentration 195
intracranial pressure 195
Hypertonic solutions
brain edema 81
cold injury edema 75
Hyperventilation 114, 128
Hypoxia
CSF electrolyte concentration 195
intracranial pressure 195

Intracranial pressure, see also intra-
ventricular pressure and ven-
tricular fluid pressure

brain edema 42

--, hyperbaric oxygen 151, 158
cerebral vascular dynamics 54
CUSHING-Reflex 57

head injury 52, 68

hypercapnia and hypoxia 195
hyperventilation 114
measurements 52

Intraventricular pressure, see also
ventricular fluid pressure

acute brain injury 184
hypertonic solutions 81

Mannitol
brain edema 81
Meningeomas
cerebello-pontine angle tumors 266



Microsurgery
acoustic neurinomas 250
cerebello-pontine angle tumors
251
Morbus CROUZON 327

Nystagmus 212
Oxygen, hyperbaric 151, 158

Pain control by dorsal column stimu-
lation 335

Respiration
brain edema 114
intracranial pressure 42, 114, 128

Scintigraphy
blood brain barrier 24
cerebro-vascular lesions 307
Spinal cord tumors treatment 363
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Spinal vascular malformations 343
Steroids
brain edema 16, 92
Steroid
dependent brain 96
Subarachnoid hemorrhage
size of the third ventricle 287
spinal vascular malformations 343
Syringohydromyelia 363

Temporal lobe agenesis syndrome 322
Triethyl-tin edema

blood-brain barrier 8

edema fluid 6

electrolytes 6

extracellular space 8

Ventricular fluid pressure, see also
intraventricular pressure
---, head injury 52, 62
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