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Preface
W. DRIESEN

This volume contains the original text of 60 papers delivered at the
32nd Annual Meeting of the German Society for Neurosurgery, held in
Tibingen, 22nd to 25th April, 1981. They represent a selection from
91 papers submitted, a third of which had to be excluded on critical
analysis. This was deemed necessary on account of costs, and in
order to keep the volume of a size and standard usually achieved
within the last few years.

Three main subjects were considered:

1. changes in methods of investigation and treatment of neurosurgi-
cal conditions, brought about by the use of computerised axial
tomography (C.A.T. scanning);

2. papers dealing with fundamental research concerned with normal
and abnormal cerebral metabolism;

3. trauma to the vertebral column and spinal cord, and its sequelae;

and,

4. free communications.

The organisers of this meeting tried, in contradistinction to pre-
vious custom, to shift the emphasis away from highlighting major
communications, and so to remain true to their intention to allow
experts in their fields to introduce their subjects and pin-point
problems, to which subsequent speakers could then address them-
selves in detail in their own papers. In my view, this did occur
in a meaningful way, although not to perfection; a goal always
difficult to attain.

As so often happens, a great pioneer in neurological surgery, OTFRID
FOERSTER, was remembered and honoured. The OTFRID FOERSTER Medal was
presented to H. KUHLENDAHL, Director Emeritus of the Neurosurgical
Clinic in Diisseldorf, for his services to Neurosurgery and its de-
velopment in Germany and Europe. Professor KUHLENDAHL then gave the
OTFRID FOERSTER Memorial Lecture, in which he emphasised particular-
ly how his life's work was dominated by study of the functional ana-
tomy and clinical pathophysiology of the nervous system.

Later in life, OTFRID FOERSTER was concerned to put into practice
what he had learned, and to develop neurological surgery. OTFRID
FOERSTER taught himself the techniques of modern neurosurgery.
KUHLENDAHL drew attention to FOERSTER's theories about the bio-
mechanics of the central nervous system. Encapsulated within the
hollow skull and vertebral column, the C.N.S. presents a model for
research concerning biomechanical factors affecting internal organs.
Trauma and disease processes may deform or destroy the brain, the
spinal cord and the peripheral nerves. These neural structures may



tolerate such insults up to a point without functional loss, but be-
yond that point such loss occurs, and neurological deficit will be
detected by the trained observer. (H. KUHLENDAHL is of the opinion
that currently too much neurosurgery is undertaken, and some of it
attempts to be too subtle; this is due to the fact that even modern
methods of investigation cannot, as yet, take account of all the
biomechanical and neuropathological processes. The writer concurs
with this opinion of FOERSTER and KUHLENDAHL, namely:; Neurosurgery
is the logical extension of Neurology, only employing different
techniques).

For our first main subject: "Changes in methods of investigation and
treatment due to the use of C.A.T. scanning", we had papers from
experts in their fields. It is not the ease alone that is remarkable
with which the C.A.T. scan can detect intracranial disease processes
from their inception, and sometimes reveal their pathology, but also
that diagnosis can be achieved at a single session, and, in addition,
its great advantage accrues from the fact that it can be repeated
with little risk and inconvenience to the patient to check the re-
sults of surgery, whether it has been successful or not, and if not,
whether mistakes or complications require further intervention.
Neurosurgeons are facing, in the C.A.T. scan, a task-master reminding
them of their commitment to great care and attention to technical
detail, and to humility in the evaluation of their results.

The second main theme, concerning cerebral metabolism, was found to
present a broad field. New discoveries are the basis of further re-
search, both in neurology and neurosurgery. The subject is wide open,
and interest spans from oxidative cerebral metabolism and sphingo-
lipids, catecholamines, cortisol and prolactins, to metabolic pro-
cesses involving cell volume and oxygen exchange of in vitro cul-
tures of glial and neural cells.

From our third main theme, no new fundamental concepts were disclosed
regarding spinal cord and vertebral column trauma. Improvements in
the techniques for stabilisation of the injured vertebral column
were noted and found to be efficient. Several authors reported new
methods of internal fixation of the vertebral column in its various
sections from the neck to the pelvis. Successes are recorded which
would have been impossible without the use of "plates", the compo-
nent materials of which are accepted by the body. We are still a long
way from seeing recovery following destructive lesions of the spinal
cord, owing to lack of fundamental biological knowledge.

Fourthly, the free communications were notable for the new light they
threw on problems of regional cerebral blood flow following micro-
vascular anastomosis, using diaphanoscopy, Doppler, measurement of
temperature of the cerebral cortex, inhalation methods employing
Xenon 133. A paper from our clinic was of interest, inasmuch as it
demonstrated that following micro-vascular anastomoses, thrombi
could develop at the suture line, and, as we know, can be detected
as emboli in the area of distribution of the vessel in question.
Other papers emphasized the possibility of immediate discovery

of air embolism in the sitting position. We all hope that, after
further perusal of the papers and their linguistic corrections, this
Volume 10 of Advances in Neurosurgery will, through the good offices
of the Springer Verlag, be published soon, in the usual high quality
and standard we have come to expect from our publishers.

We should like to express our sincere thanks to all concerned.

Vi
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Patho-Biomechanik — die neue nosogenetische Dimension
am Zentralnervensystem

OtfridFoerster-Gedenkvorlesung, Tiibingen 24.4.1981
H. KUHLENDAHL

/?94Lé9 oo s Len

In wenigen Wochen jdhrt sich zum 40. Male der Todestag OTFRID FOER-
STER's, der am 15. Juni 1941, noch nicht 68 Jahre alt, in Breslau
starb. Eine wahrhaft einzigartige wissenschaftliche Laufbahn eines
hochgebildeten iliberragenden Mannes, der ein ungewShnlich umfang-
reiches wissenschaftliches Werk hinterlieB, war zu Ende gegangen.

HUGHLINGS JACKSON's Devise: "Krankheit als Experiment der Natur"

war auch die wissenschaftliche Grundeinstellung, von der aus OTFRID
FOERSTER Forschung betrieb. Die funktionelle Morphologie des Nerven-
systems, die er subtil und souverdn beherrschte wie kaum ein anderer,
und die klinische Pathophysiologie standen fir ihn immer im Mittel-
punkt. So trug er wdhrend 4 Jahrzehnten wesentlich zur Erweiterung
der damals noch verhdltnismdBig jungen Wissenschaft der Neurologie
bei. Es war filir ihn dann eine zwingende Konsequenz, die von ihm ge-
wonnenen neuen Erkenntnisse der Pathophysiologie eigenhdndig - weit-
gehend als chirurgischer Autodidakt - in operative Behandlungsmdg-
lichkeiten einer neurologischen Chirurgie zu lbertragen. Fir OTFRID
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FOERSTER war Neurochirurgie die Fortsetzung der Neurologie mit chirur-
gischen Mdglichkeiten!

Das Thema, das ich mir gew&dhlt habe, befaBt sich ebenfalls - im Sinne
OTFRID FOERSTERs - mit klinischer Pathophysiologie, ausgehend von der
funktionellen Morphologie.

Die Komplexitdt der pathophysiologischen und klinischen Problematik
der Biomechanik des Nervensystems wird meist unterschdtzt und ist
noch in vieler Hinsicht unerforscht. Uber einige wesentliche Bereiche
will ich versuchen einen systematischen Uberblick zu geben.

Zundchst bedarf es aber einer Erl&duterung bzw. Definition der Begriffe
"Biomechanik" und "Patho-Biomechanik", mit denen - nach OTFRID FOER-
STERs Zeit - ein neues Feld der Krankheitsentstehung im Bereich des
Nervensystems erschlossen wurde. Grundsdtzlich handelt es sich um das
Zusammenwirken morphologisch-morphogenetischer und dynamischer Fak-
toren.

Als "Biomechanik" ist erst in jlingster Zeit eine neue Disziplin in
der Medizin in rascher Entwicklung, die sich mit den physikalischen
Eigenschaften der KOrpergewebe und der Korperfliissigkeiten, mit der
funktionellen Morphologie, physikalischen Grundlagen von Organfunk-
tionen u.a. beschdftigt.

Flir das Zentralnervensystem liegen ja nun augenfédllige anatomische
Gegebenheiten vor - seine totale EinschlieBung in kndcherne Hohl-
rdume -, die es schon physiologisch zu einem Musterfall der Biome-
chanik machen, so daB es eigentlich erstaunlich ist, daB nicht schon
viel friiher das zwangsldufig darin gegriindete vielfdltige Krankheits-
potential erkannt wurde; daB vielmehr erst so spdt eine systemati-
sche Erforschung der damit gegebenen Problematik einsetzte.

Zwar waren schon im vorigen Jahrhundert wiederholt deformierende Ver-
dnderungen der Wirbelsdule als Ursache filir mancherlei schmerzhafte
Erkrankungen in Anspruch genommen worden (H. BRETSCHNEIDER, 1847:
Versuch einer Begriindung der Pathologie und Therapie der &HuBeren
Neuralgien; Ch. SCHUTZENBERGER, 1853: De l'arthrite rachidienne
cervicale; J. BRAUN, 1875: Klinische und anatomische Beitrdge zur
Kenntnis der Spondylosis deformans. BARRE und LIEOU, 1925). Aber
dabei handelte es sich um auf die &duBeren Deformierungen der Wirbel-
sdule bezogene Hypothesen und zumeist Fehldeutungen. Erst Ende der
30er Jahre begann nach der Entdeckung der lumbalen Bandscheibenpro-
trusion als Ursache der Ischialgie eine systematische Erforschung
dieser Problematik im Bereich des Wirbelkanals und der Nervenwurzeln,
und danach wurde allmdhlich das iibergreifende auf der Biomechanik
gegriindete nosogenetische System entwickelt. Hier war es vor allem
ALF BREIG, dessen 1960 erschienene Monographie "Biomechanics of the
Nervous System" einen ersten Meilenstein darstellt. Seine zahlreichen
Arbeiten befassen sich aber (fast) ausschlieBlich mit dem Riickenmarks-
trakt. Der Angelpunkt seiner Uberlegungen und Untersuchungen sei mit
folgendem Zitat gekennzeichnet: "Zusammen mit dem umgebenden Dura-
rohr und den Ligg. denticulata bildet der Hirnstamm-Riickenmark-Cauda
equina-Strang eine funktionelle Einheit dergestalt, daB unter norma-
len Verhdltnissen bei zunehmender Verkilirzung des Spinalkanals (n&mlich
bei Lordosierung (Ref.)) alle diese Weichteile zunehmend erschlaffen
und daB sie bei zunehmender Verl&dngerung des Spinalkanals (d.h. bei
Vorwédrtsbeugen (Ref.)), zunehmend gespannt werden."
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Unter Biomechanik des Nervensystems ist das Zusammenspiel von 3 Kom-
ponenten zu verstehen: (1) die plastische Verformbarkeit oder die Fa-
higkeit des nervdsen Parenchyms zur elastischen Formver&nderung;

(2) dessen hochst differenzierter dynamischer Kontakt mit harten,
meist kndchernen oder derb-elastischen Strukturen des Skeletts; so-
wie (3) permanente Bewegungskrdfte. Als dynamische EinfluBfaktoren
resultieren vitale Zug-, Spannungs-, Dehnungs- und Druckkrdifte.

Eine solche Konstellation findet sich in der Schddelhdhle und im Wir-
belkanal, aber auch z.B. hinsichtlich der sog. "EngpaB-Syndrome" im
Carpaltunnel, im Ulnariskanal am Ellbogen, in der Scalenusliicke usw.
Es ist klar, daB die morphologisch und funktionell besonders kompli-
zierten Verhdltnisse des Spinalkanals und seines Inhaltes bei weitem
die am meisten komplexe Biomechanik bieten und damit bevorzugt in
eine Patho-Biomechanik fiihren, d.h. daB in der Funktionsgemeinschaft
Wirbels&dule und Riickenmark/Nervenwurzeln/Cauda equina von vornherein
ein Krankheitspotential vorgegeben ist. In der Wirbels&dule als einem
kompliziert-beweglich gegyliederten Organ mit der unendlichen Kette
stdndiger Makro- und Mikrobewegungen ist die Bewegungsdynamik des
lebendigen Individuums gewissermaBen zentriert. Der Wirbelkanal und
sein Inhalt bilden daher den Schwerpunkt dieses nosogenetischen
Systems der Patho-Biomechanik des Zentralnervensystems.

Zundchst miissen wir aber filir die Patho-Biomechanik als 4. Komponente
den Zeitfaktor hinzunehmen. Natlirlich gibt es durch akute Gewalt-
einwirkung auch akute L&sionen, gewissermaBen eine akute Pathobio-
mechanik: Musterbeispiel ist die Hirnerschiitterung (OMMAYA, UNTER-
HARNSCHEIDT, GOLDSMITH, GURDJIAN u.a.); ferner die von RICHARD C.
SCHNEIDER pathobiomechanisch analysierte 'zentrale Halsmarkschddi-
gung' beim Hyperextensionstrauma; oder der komplizierte Vorgang des
sog. Schleuder-Traumas, das deshalb immer noch kontrovers diskutiert
wird. Hierzu wdre vieles zu sagen, aber wir wollen uns hier nur mit
den chronischen nicht-traumatischen Prozessen biomechanischer Patho-
genese befassen.

Kehren wir zurilick zu den zuerst genannten 3 Komponenten der Biome-
chanik des Nervensystems. Der plastischen Verformbarkeit bzw. der
elastischen Verformung des nervdsen Gewebes kommt sowohl unter phy-
siologischen Gegebenheiten wie erst recht unter pathologischen Be-
dingungen eine ganz erhebliche Bedeutung zu. Die Verformbarkeit ist
selbstverstidndlich begrenzt. Aber denken wir einmal daran, welcher
mechanischen Beanspruchung der N. ulnaris am Ellbogen stdndig aus-
gesetzt ist. Vor allem aber das Riickenmark, insbesondere das Hals-
mark, wdre ohne eine physiologisch vorgegebene Verformbarkeit den
durch die Beweglichkeit der Wirbelsdule bedingten mechanischen Be-
anspruchungen nicht gewachsen. Gegeniiber der normal-physiologischen
Formverdnderung ist die pathologische Verformung aber von morpholo-
gischen Prozessen der umgebenden hdrteren (meist kndchernen) Gewebe
sowie von Bewegungsvorgdngen abhdngig. AuBere und innere Bewegungen
sind Angelpunkt der Biomechanik.

Zundchst einige Beispiele der pathologischen Verformung des nervdsen
Parenchyms, die jedoch nicht oder erst sehr spdt zum Funktionsverlust
fiihren. Haben Sie schon einmal iliberlegt, daB der N. facialis durch
ein groBes Akusticus-Neurinom eine ganz enorme Dehnung mit einer Ver-
léangerung auf das 2 bis 3-fache erfdhrt und wie das mdglich ist,

ohne daB es zur Facialisldhmung kommt?

Natilirlich ist das zeitabhingig, vollzieht sich bekanntlich &duBerst
langsam im Verlauf von vielen Jahren und wird ermdglicht durch den
stdndigen Transport von Protein im Axon vom Zellkdrper peripherwirts
(etwa 20 mm pro Tag).
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Oder denken wir an die starke Verformung bei der Verdr&dngung der
Hirnsubstanz etwa beim parasagittalen Meningeom. Ebenso wenn das
Rlickenmark durch ein sehr langsam heranwachsendes spinales Meningeom
zu einem platten Band zusammengedriickt, verformt ist, ohne daB es

zu einer hochgradigen Parese kommt. Freilich: Handelt es sich nicht
um Meningeome, sondern um rasch wachsende Metastasen, so kommt es in
beiden F&dllen sehr schnell zur Plegie. Es handelt sich also bei dem
Verhdltnis von Verformung und Funktion um ein Problem der Adaptations-—
fédhigkeit des nervOsen Parenchyms und damit um einen zeitabhdngigen
Grundfaktor der Patho-Biomechanik am Nervensystem. Hier sei auch
gleich angefiligt, daB hinsichtlich der Querschnittsldhmung beim spi-
nalen Meningeom noch zwei andere biomechanisch bedeutsame Umsté&dnde
auch eine Rolle spielen: Sitzt das Meningeom nd@mlich ventral vor dem
Mark, so kommt es frilher zur pathologischen Dehnung des Markes und
damit zur Funktionsschddigung der langen Bahnen, weil das Mark bei
jedem Vorbeugen der WS iber dem Tumor zusdtzlich liberdehnt wird.
Andererseits sind die Verhdltnisse hinsichtlich der Markschddigung
bei thorakalem Sitz des Meningeoms glinstiger, weil dort die &duBeren
Bewegungseinfliisse weniger gravierend sind.

Die Verformbarkeit des nervdsen Parenchyms hat also als eine bestim-
mende Komponente im Rahmen der Biomechanik und erst recht der Patho-
Biomechanik des ZNS zu gelten, und die zeitabhdngige funktionelle
Adaptation im Rahmen der Verformung ist ein entscheidend wichtiger
Faktor in der Entwicklung der klinischen Symptomatologie.

Wenn auch der Spinalraum nicht nur in der H&dufigkeit, sondern auch
hinsichtlich der pathophysiologischen Komplexitdt durchaus im Mit-
telpunkt des Interesses steht, gibt es doch bedeutungsvolle patho-
biomechanische Vorgdnge auch im <ntrakraniellen Raum, auf die ich
kurz eingehen will,

Hier sind biomechanisch-pathogene Prozesse eigentlich schon lénger
bekannt. Sie sind nur nicht aus der Perspektive eines allgemeinen
nosogenetischen Systems gesehen worden. Hier sind es freilich keine
duBeren Bewegungen, die den dynamischen Faktor darstellen.

Hauptsdchlich handelt es sich um Begleit- bzw. Folgeerscheinungen
der intrakraniellen Massenverschiebung und Drucksteigerung.

Die Tamponade der Cisternen, des Tentoriumschlitzes und des Foramen
magnum mit ihren Folgen ist in der Neurochirurgie léngst selbstver-
stdndliches Wissen seit den Arbeiten in WILHELM TONNIS' Institut

fir Hirnforschung in Berlin-Buch. Ich erinnere nur an die Arbeit

von RIESSNER und ZULCH: "Uber die Formverinderungen des Hirns ...
bei raumbeengenden Prozessen" (1939) (Dtsch. Z. Chir.). Natirlich
war OTFRID FOERSTER und HARVEY CUSHING (und den anderen dlteren
Neurochirurgen) die Tamponade der Cisterna magna durch die herab-
gepreB8ten Kleinhirntonsillen bekannt, und ich habe OTFRID FOERSTER
oft vom "pressure conus" sprechen hdren. Aber die Einklemmung des
Uncus Gyri Hippocampi mit ihren Begleiterscheinungen und patho-bio-
mechanischen Folgen wurde erst durch ZULCH und RIESSNER systematisch
untersucht. Als klassischer biomechanischer Vorgang ist dabei auch
die Entstehung der Oculomotoriusldhmung und der Abducensldhmung beim
sog. Clivuskanten-Snydrom herauszustellen (WELTE und FISCHER-BRUGGE).

Dazu gehdrt z.B. auch die Opticus-Druckschddigung beim Turmschidel.
(Eine interessante Variante biomechanischer intrakranieller Patho-
genese wird ferner morgen von Herrn PENZHOLZ filir die Trigeminusneural-
gie vorgestellt werden, wo m6glicherweise der pulsierende Druck der

A. cerebelli inf. von dorsal auf den Tractus spinalis trigemini in
der Oblongata anzuschuldigen sein kann (in manchen F&dllen).
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Wenden wir uns nun dem eigentlichen Schwerpunktsbereich der Biomecha-
nik des Nervensystems bzw. seiner Patho-Biomechanik zu: dem Wirbel-
kanal mit dem Riickenmmark-Nervenwurszel-Cauda equina-Strang. Zundchst
zur biomechanischen Normalsituation, die vor allem BREIG anatomisch,
experimentell und klinisch untersucht hat. Aus dieser Perspektive
wurde das umfassende biomechanisch-nosogenetische System entwickelt,
das ich als die neue nosogenetische Dimension des Nervensystems be-
zeichne.

Der AnstoB kam aus der Entdeckung der Atio-Pathogenese der Ischial-
gie als einer biomechanischen Nervenwurzel-Irritation bzw. "Kompres-
sion" durch MIXTER und BARR 1934/35 und der daraus in den folgenden
anderthalb Jahrzehnten schrittweise entwickelten Erkenntnis:
"Sciatica that means rupture of a disk" (LINDBLOM). Damals - um 1950 -
herrschte noch die Konzeption von der entziindlichen "Neuritis" als
Ursache aller solcher Schmerzleiden. Heute ist es selbstverst&dndlich
Ischialgie und Brachialgie = mechanische Nervenwurzelreizung. Aber
bis in die 50er Jahre war ebenso selbstverstdndlich: Ischialgie und
Brachialgie = "Neuritis". War doch das Hauptwerk HEINRICH PETTE's:
"Die entzilindlichen Erkrankungen des Nervensystems", erst 1942 er-
schienen, worin auch die neuralgischen Affektionen - damals noch
nicht als radikuldre Syndrome identifiziert - als entziindliche Er-
krankung einbegriffen waren. Es bedurfte noch l&ngerer Zeit, bis
auch die Neurologen von entziindlicher "Neuritis" des peripheren Ner-
ven auf biomechanische Irritation der Nervenwurzel umschalteten.

.

Fassen wir noch einmal die Grundtatsachen zusammen: Im Wirbelkanal
ist das Rickenmark zwischen seiner Fixierung am kaudalen Hirnstamm
bzw. am Hinterhauptsloch einerseits und durch das Filum terminale

im Sakralkanal andererseits weniger "aufgehdngt", wie man meist
sagt, als vielmehr - mit begrenztem Bewegungsspielraum - ausge-
spannt, zusdtzlich noch von Segment zu Segment durch die Zacken des
Lig. dentatum und durch die Nervenwurzeln relativ fixiert. Der Dura-
sack, in dem das Rilickenmark also weitgehend fixiert ist, ist 'seiner-
seits durch zahlreiche band- und septenartige Strukturen und durch
die Wurzelhiillen mit der Wand des Wirbelkanals nur mit geringem Be-
wegungsspielraum verbunden. Von der lordotischen Extension bis zur
maximalen Ventralflexion verldngert sich aber der Wirbelkanal nach
BREIG's Untersuchungen um immerhin 6 bis 7 cm, an seiner Dorsalseite
gemessen., Der Rlickenmark-Cauda equina-Strang, der diese L&ngenver-
dnderung ja mitmachen muB, verformt sich zwischen Erschlaffung bei
voller Lordosierung und Streckung bei Vorwdrtsbeugung ebenfalls phy-
siologischerweise mit einer axialen Lidngendnderung um 4,5 - 6,5 cm,
wobei der Halsmarkabschnitt eine Ldngendnderung um 1,8 - 2,8 cm -
immer gemessen auf der Dorsalseite - erfdhrt. Mit Recht muB man
unter biomechanischen Gesichtspunkten von der funktionellen Einheit
von Wirbelkanal, Durasack und Riickenmark-Cauda equina-Strang spre-
chen (BREIG). Die Fixierung der nerv&sen Anteile durch die Pia-Arach-
noidea einschlieBlich des Lig. dentatum wird meist unterschatzt.

Unter normal-anatomischen und physiologischen Gegebenheiten reicht
der Bewegungsspielraum freilich ohne weiteres aus. Aber es versteht
sich ebenso von selbst, daB8 bestimmte pathologisch-morphologische
Verdnderungen zusammen mit chronisch einwirkenden dynamischen Ein-
flissen, d.h. Bewegungskrdiften, ohne scharfe Grenze in die Patho-
Biomechanik fiihren und damit ein Krankheitspotential aufbauen.

Elastische Formver&dnderung zwischen Verkiirzung = Erschlaffung und

Verldngerung = Spannung ist ein physiologisches biomechanisches
Grundprinzip im Nervensystem, wobei in der Entspannung/Verkiirzung

XIX



die axialen Elemente wie Nervenfasern (Axone) sich wellenfdrmig for-
mieren und bei Anspannung strecken. BREIG hat das am Riickenmarks-
prdparat demonstriert.

Dasselbe Prinzip findet sich z.B. auch im Opticus, in welchem sich
die Axone bei neutraler d.h. geradeaus gerichteter Bulbusstellung
wellen, bei Seitbewegung des Bulbus strecken. -

Wenden wir uns nun zundchst im einzelnen den Nervenwurzeln zu.

Die Ursache fiir die radikul&dre Neuralgie, das sog. Wurzelkompres-
sionssyndrom, liegt - wie wir alle wissen - im lumbalen Abschnitt
praktisch ausschlieB8lich in der elastisch-weichen Bandscheiben-
protrusion, dagegen im zervikalen Bereich meistens in der osteophy-
tdren spondylotischen Exostose am Zwischenwirbelloch. Dafiir kenn-
zeichnend ist u.a. der Altersunterschied der Patienten: Die zervi-
kale radikul&dre Neuralgie oder sog. Brachialgie findet sich bei im
Durchschnitt um gut ein Jahrzehnt &lteren Menschen als die Ischialgie.

(Ubrigens ist fiir die groBe Mehrzahl der Fdlle die Bezeichnung Band-
scheiben-"prolaps" nicht zutreffend, sondern der Begriff der "Pro-
trusion" richtiger).

Patho-biomechanisch gesehen dienen lumbale Protrusion wie zervikaler
osteochondrotisch-ossédrer Buckel als Hypomochlion, iiber welchem die
Nervenwurzel reitend ausgespannt bzw. lUberdehnt wird. Mit BREIG stim-
me ich darin liberein, daB das pathogenetische Grundprinzip, das
principium irritans, weniger eine "Kompression" im eigentlichen Wort-
sinn als vielmehr die Dehnung/Uberdehnung der Nervenwurzel ist.

Die Elastizitdt des rupturierten und dorso-lateral vordrdngenden Fa-
serknorpelgewebes der Bandscheibe ist {ibrigens ein spezieller bio-
mechanischer Faktor, der in der Mehrzahl der Krankheitsfédlle die
Spontanheilung erméglicht. Aber die Tendenz zur Spontanheilung wird
heute vielfach zu gering eingeschdtzt. Man ist zu schnell mit der
Indikation zur Operation bei der Hand. Es werden zu viele Kranke
operiert: ca. 20 OO0 Patienten pro Jahr, wie SCHIRMER ermittelt hat,
allein in den neurochirurgischen Kliniken!

Wenn man sich nicht nur vom R6ntgen-Kontrastbild abhédngig machte,
sondern aus dem vertieften Verstdndnis der Biomechanik von klinisch-
pathologischen Gesichtspunkten ausginge, wlirde weniger oft zum Messer
gegriffen (und mancher unerfreuliche Schaden vermieden).

Eine durchaus interessante und problematische Frage ist nun aber,
warum denn diese biomechanisch-pathologische Einwirkung auf die
Nervenwurzel - oder allgemeiner gesagt: auf die afferente Nerven-
leitungsbahn - Schmerzempfindung hervorruft. Das ist n&mlich durch-
aus nicht ohne weiteres selbstverstdndlich. Warum fiihrt sie nicht
zu Pardsthesien oder gleich zur L&hmung?

Driicken Sie z.B. doch einmal kr&dftig und nachhaltig auf Ihren Nervus
ulnaris im Sulcus nervi uln. am Ellenbogen: Sie werden keinen Schmerz
distal im Ulnarisgebiet an der Hand hervorrufen, sondern nur Kribbel-
parédsthesie und bei l&dngerer Dauer Hyp&dsthesie und Parese (wie bei
der sog. Schlafldhmung). Warum also bewirkt der chronische biomecha-
nische Kompressions- bzw. Dehnungsvorgang an der Nervenwurzel primér
eine in das periphere Nervenwurzelgebiet projizierte Schmerzempfin-
dung und nicht primdr Hyp&dsthesie? Denn die Funktion der Nervenbahn,
die Erregungsleitung, wird dabei oft genug iiberhaupt nicht beein-
trdchtigt, und zudem ist die Schddigung meist vollstédndig reversibel.
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Machen wir einen kleinen Exkurs in die Neurophysiologie.

Die Schmerzforschung beschdftigt sich seit jeher - mindestens seit
GOLDSCHEIDER und v. FREY - eigentlich nur mit der Physiologie der
Schmerzperzeption, d.h. mit den Rezeptoren (und in jlingerer Zeit mit
der zentralen Sinnesverarbeitung). Seit jeher weiB man aber doch,
daB Schmerzen nicht nur iiber die peripheren Rezeptoren perzipiert,
daB also Schmerzempfindung nicht nur in der Peripherie erzeugt wird,
sondern auch am Nerven, d.h. an der Leitungsbahn selbst; und seit
bald 40 Jahren wissen wir, daB dem kein entziindlicher ProzeB8 im
Nerven, wie lange Zeit geglaubt wurde, keine sog. "Neuritis" zu-
grundeliegt, sondern der biomechanisch angreifende Vorgang an der
Nervenwurzel., Aber damit hat sich die Neurophysiologie bisher kaum
befaBt.

Um mich einmal selbst zu zitieren: Ich habe deshalb schon vor 30 Jah-
ren darauf hingewiesen, daB8 grundlegend unterschieden werden mufB
zwischen dem auf gewissermaBen physiologischem Wege, peripher iber
die Sinnesrezeptoren hervorgerufenen Schmerz, den man "Rezeptoren-
schmerz" nennen kénnte und bei dem es sich um Schmerzwahrnehmung
handelt; und andererseits dem "unphysiologisch" an der Leitungsbahn
erzeugten Schmerz, der analog als "Traktusschmerz" zu bezeichnen
wédre und filir den der Begriff der Schmerzempjfindung zutreffend ist.
Zwar hat sich filir letzteren der Begriff des "projizierten" Schmer-
zes eingeblirgert. Aber der springende Punkt ist doch, daB8 es sich
dabei - anders als beim Rezeptorenschmerz - um einen primdr unphy-
stologischen Vorgang - man kdnnte sagen: abseits der eigentlichen
Aufgabe des Schmerzsystems handelt, das ja von auBen kommende Gefahr
abwehren soll.

Kehren wir zuriick zu der Frage, wiZe denn eine Schmerzempfindung sei-
tens der afferenten Leitungsbahn, d.h. der Nervenfasern, erzeugt
wird. Ich m8chte dazu folgende Uberlegungen vortragen, die sich auf
Diskussionen mit Prof. HAASE, dem Neurophysiologen in Diisseldorf,
stiitzen.

Von folgenden als mehr oder weniger gesichert geltenden Tatsachen
kann ausgegangen werden:

a) Die differenzierte Spezifitdt der Rezeptoren gilt sehr wahrschein-
lich auch fiir die Schmerzwahrnehmung. In jlingster Zeit wird je-
denfalls von verschiedener Seite, insbesondere dem englischen Neu-
rophysiologen IGGO die Spezifitdt eigener Schmerzrezeptoren im
Bereich der sog. freien Nervenendigungen, hinter denen sich of-
fenbar doch sehr differenzierte Mikrostrukturen verbergen, ver-
treten.

b) Unbezweifelt ist die Spezifitdt der afferenten Leitungsbahnen. D.h.
alle Nervenfasern (Axone) haben ihre spezifische Leitungsfunktion
flir eine der verschiedenen sensiblen Wahrnehmungen. Es gibt also
auch spezifische Schmerzfasern in der Hinterwurzel.

c) Mindestens die H&dlfte aller Hinterwurzelfasern sind marklose lang-
sam leitende C-Fasern, die spezifisch der Schmerzleitung dienen.
Dazu kommen noch etwa 10 - 15% markhaltige A-delta-Fasern, die
schnelleitende Schmerzfasern sind. Damit sind also ca. 2/3 aller
afferenten Hinterwurzelfasern der Schmerzleitung vorbehalten.
Dieses quantitative Ubergewicht spricht fiir die groBe biologische
Wertigkeit des Schmerzsinnes, von dem OTFRID FOERSTER immer als
von dem "nocifensorischen” d.h. schadenabweisenden Sinnessystem
gesprochen hat.

Hier konnte eine Antwort auf die Frage liegen, wieso die chroni-
sche mechanisch schddigende Einwirkung auf die Nervenwurzel zu-
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erst und vor allem Schmerzempfindung hervorruft. Aber warum nicht
auch taktile, Druck- und andere Empfindungen der epikritischen
Sensibilitdt? Denn der Ischias-Kranke spilirt eben - solange die
Schddigung nicht so massiv ist, daB es zur Beeintrdchtigung, gar
Unterbrechung der Erregungsleitung kommt - nur Schmerzen und kei-
ne taktilen oder Temperatur-Sensationen. Es wdre denkbar, daB die
unphysiologische Einwirkung auf die Hinterwurzel als unspezifi-
scher Reiz an allen Fasern nur Schmerzempfindung auszuldsen ver-
mag.

d) Fiir die Funktion der Leitungsbahnen spielt die IsolZerung der ein-
zelnen Fasern mittels der Myelinscheide und der Schwann'schen Zel-
len eine entscheidende Rolle. - SchlieBlich

e) Der schuldige biomechanisch-pathogene Vorgang ist die Uberdehnung
der Nervenfaser.

Auf welche Weise erzeugt nun diese Uberdehnung an der afferenten
Bahn lberhaupt elektrophysiologisch Erregung?

Zundchst: Die mechanische Einwirkung kénnte zu einer ischaemischen
Schddigung fiihren. Die Ischaemie fiihrt aber doch nur iiberall dort

zu Schmerzen, wo Rezeptoren vorhanden sind. Es ist offen, ob und ggfs.
inwieweit eine ischaemische Schddigungskomponente mitspielt. Dies
diirfte aber jedenfalls aus hier nicht zu erdrternden Griinden gegen-
Uber der direkten mechanischen Schddigung keine entscheidende Rolle
spielen.

Vielmehr sind - soweit ich sehe - drei Vorgdnge vorstellbar:

1. Die mechanische Einwirkung, also die (Uber-)Dehnung, verdndert
die Ionen-Durchlédssigkeit der Membran der Nervenfaser (die ja
Trédger der elektrophysiologischen Leitungsfunktion ist). Der da-
durch provozierte Ionenstrom 16st die elektrisch fortgeleitete
Erregung am Ort der mechanischen Schddigung aus.

Dabei wdre allerdings noch ein Problem zu bedenken, ndmlich das
es wahrscheinlich eine Spezifitidt der Membranen gibt: rezeptive
an den Synapsen und konduktive der Axone (Fasern). Der mechani-
sche Reiz miiBte also die Membranenspezifit&t durchbrechen.

2. In der Neurophysiologie gibt es den Begriff der sog. "Quererregung.

Wenn die Isolierung der Nervenfasern durch die biomechanisch-pa-
thogene Einwirkung zerstdrt oder mindestens geschddigt ist, kann
Erregung zwischen den Fasern iliberspringen, also von erregten zu
in Ruhe befindlichen. Es entsteht eine sog. "kiinstliche Synapse"
(GRANIT/KUGELBERG, ZOTTERMAN) .

Es ist gut vorstellbar, daB8 die Aufhebung bzw. Schddigung der
Isolierung an den marklosen Hinterwurzelfasern (die, wie gesagt,
mehr als die H&dlfte aller Hinterwurzelfasern ausmachen) leZchter
und friher eintritt als an den markhaltigen Fasern, und damit
sowohl Erregung durch den Ionenstrom induziert als auch Quer-
erregung provoziert und damit eine sehr niederschwellige "kiinst-
liche Synapse" erzeugt wird.

3. SchlieBlich ist zu bedenken, daB die markhaltigen Fasern der epi-
kritischen Qualitdten eine niedrigere Erregungsschwelle haben
und daB es beim Drucksinn keine Adaption gibt, so daB8 in den
Axonen (Fasern) der Druckrezeptoren stdndig ein Erregungsstrom
flieBt. Im Falle der Zerstdrung der Isolierung kann dieser stédn-
dige Erregungsstrom von den Axonen der Druckrezeptoren im Sinne
der Quererregung auf die Schmerzfasern Uberspringen, die an sich
eine hohere Erregungsschwelle haben.
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4., Flir Anhdnger der "gate-control-Theorie" (zu denen ich nicht gehore)
kénnte ein weiterer Faktor in Betracht gezogen werden: Die biome-
chanische Stdrung der afferenten Erregungsleitung auch in den mark-
haltigen Nervenfasern der taktilen und Drucksensibilitdt (deren
isolierende Markscheide ebenfalls geschddigt ist) stdrt oder be-
hindert auch den gate-control-Mechanismus, so daB die Impulse in
den schmerzleitenden Bahnen unkontrolliert und ungebremst (im Sinne
der gate control) den Cortex erreichen. Die Schmerzempfindung wiirde
dadurch mindestens verstdrkt, weil die supranukledre Hemmung i.S.
der gate-control-Theorie beeintrdchtigt ist.

Die Antwort bleibt also hypothetisch, warum an der Nervenbahn, die in
ihrem natiirlichen Zustand ja gar nicht so empfindlich bzw. von auBen
nicht so leicht erregbar ist - sonst miBten wir viel mehr und all-
tdglich unter Nervenschmerzen leiden! -, im Zustand der chronischen
biomechanischen Schddigung so intensive projizierte Schmerzempfindung
erzeugt wird.

Zum AbschluB dieses Kapitels mSchte ich formulieren:

Das pathogenetische Prinzip der Neuralgie als einer projizierten
Schmerzempfindung ist gesetzmiBig eine chronische biomechanische
Irritation der afferenten sensiblen Leitungsbahn, erzeugt vor allem
durch die Schddigung der Isolierung der Axone und damit Uberspringen-
de Quererregung.

Wenn es mir filir das Kapitel der radikuldren Neuralgien eigentlich nur
darum ging, den theoretischen und pathophysiologischen Hintergrund

zu erhellen, so geht es bei dem jetzt noch offenen Kapitel der zer-
vikalen Myelopathie zus&dtzlich um aktuelle klinische Probleme. Da
dieses Thema jedoch vor 1 1/2 Jahren auf unserem Essener KongreSB
bereits diskutiert wurde und ich selbst dazu ein Referat gehalten
habe, will ich mich hier kurz fassen.

Die chronische spondylotische zervikale Myelopathie ist natiirlich
das klinisch bedeutsamste Krankheitsbild auf dem Boden einer sehr
komplexen patho-biomechanischen Krankheitsentstehung. Hierbei wir-
ken eine ganze Anzahl sowohl morphologischer wie dynamischer Fak-
toren, eine biomechanische Ursachenkette, zusammen, um zu der mehr
oder weniger massiven, mehr oder weniger progredienten Halsmark-
schddigung zu fiihren (Tabelle 1). Das Halsmark hat normalerweise
verhdltnismdBig viel Bewegungsspielraum im Halswirbelkanal. Es muB
daher immer wieder darauf hingewiesen werden, daB die Einengung eines
normal weiten Kanals durch Protrusionen auf der Ventralseite keines-
wegs ohne weiteres zu einem Myelopathie-Syndrom fiihrt. Eine der
obligaten Voraussetzungen ist vielmehr die vorgegebene Enge, eine
nicht seltene konstitutionelle variante, die maBgebliche Vorbedin-
gung zur Entstehung einer chronischen biomechanischen Schiddigung

des Halsmarkes. Bei einem sagittalen Durchmesser unter 13 - 14 mm,
sicherlich aber unter 12 mm, muB es bei Hinzutreten spondylotisch
deformierender Verdnderungen frither oder sp&dter zur Riickenmarks-
schddigung kommen.

Aber auch dabei ist die Krankheitsentwicklung absolut abhdngig von
der Einwirkung der permanenten Bewegungskrédfte, die die chronische
Irritation bewirken: Die kyphosierende Beugebewegung, die zur Deh-
nung des Halsmarkes fiihrt, wdhrend die Lordosierung eine Kompres-
sion im Sinne des Kneifzangenmechanismus durch die Einw&lbung des
Lig. flavum bewirkt. Zu den &duBeren Bewegungen kommen aber die in-
neren Bewegungen im engen Halswirbelkanal hinzu: Die blutpulsato-
rische und die atmungsabhdngige axiale Eigenbewegung des Halsmarkes,
die pulsierende Volumenschwankung transversal. Uberdehnung, Reibung,
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Kompression sind die mechanisch schddigenden Kr&dfte. Die eingangs
dargestellte Situation der "Funktionseinheit Rilickenmark-Nervenwur-
zeln-Cauda equina-Strang und Wirbels&dule" machen das verstdndlich.
Eine ischaemische Komponente spielt sicherlich zusdtzlich eine
Rolle.

Es handelt sich um eine Kombination von direkter biomechanischer
Parenchymschddigung und vasculdrer Ischaemie, wobei aber der direk-
ten mechanischen Parenchymschddigung die entscheidende Rolle zu-
kommt.

Auf eine bisher offenbar zu wenig beachtete Konsequenz der biomecha-
nischen Analyse fir die Durchfilhrung des operativen Vorgehens sei
besonders hingewiesen. Um eine zus&dtzliche intraoperative Schddi-
gung zu vermeiden (die nicht ganz selten vorgekommen ist), muB8 auf
dem Operationstisch eine Ventralflexion von Kopf/Hals auf jeden Fall
strikt vermieden werden beim dorsalen Eingriff, auch wenn damit die
Laminektomie etwas schwieriger wird. Ebenso ist aber auch beim ven-
tralen Zugang eine stédrkere Lordosierung obsolet. Eine postoperativ
verstédrkte oder gar totale Querschnittsldhmung ist ein vermeidbares
Unheil!

Wenn wir den so vielf&dltigen Komplex der Patho-Biomechanik am Nerven-
system iiberblicken, so mag es niitzlich sein, noch einmal daran zu er-
innern, daB8 alle diese Krankheitsbilder bis vor nicht sehr langer Zeit
- kaum mehr als 20 Jahre - unter vielf&dltig falscher Atiopathogenese
eingeordnet wurden. Die Neurochirurgie war auf diesem Gebiet Vorrei-
ter, wdhrend die Neurologie nur zdgernd folgte. Das bedeutet aber
nicht, daB jetzt alles nur auf operative Behandlung hinausliefe. Das
tiefere Verstédndnis der biomechanischen nosogenetischen Zusammenh&nge
sollte der Indikation zur operativen Therapie die angemessenen Schran-
ken setzen. -

Erlauben Sie mir zum SchluB noch ein paar Bemerkungen, wie man sie
sich wohl in meinem Alter leisten darf, ohne damit als iliberheblich
gelten zu missen - hdchstens als anachronistisch!

Der Beruf des Arztes lebt - zwar nicht unbedingt in der té&glichen
Routine, aber doch im Grunde in einem wesentlichen MaBe - aus einer
sweifachen Faszination (wie vergleichbar nur in wenigen Berufen):
Einmal, wenn dem Arzt eine nicht gerade einfache Diagnose gelingt
(in den meisten F&dllen sollte die Diagnose eine eigene geistige Lei-
stung sein); zum anderen wenn seine therapeutischen Bemiihungen mehr
oder weniger erfolgreich sind.

Beides gilt fiir den Neurochirurgen in besonderem MaBe.

Inzwischen aber &ndert sich im diagnostischen Bereich einiges grund-
legend. Der Einsatz der technisch teils so groBartigen Apparaturen,
die gerade dem Neurochirurgen weithin die Anstrengung medizinisch-
kriminalistischen Splirsinns ersparen, beraubt ihn leider zugleich
eben der Faszination einer selbst erarbeiteten schwierigen diagnosti-
schen Leistung - sofern er nicht wenigstens vor dem Einsatz der Tech-
nik seine klinisch-diagnostischen Mdglichkeiten ausspielt. Gerade
darum geht es.

Denn dies ist keine Philippica gegen den technischen Fortschritt in
der Medizin. Es geht vielmehr um das Bemiihen um die richtige, ange-
messene Einordnung des technischen Fortschritts.

Und wer wollte es leugnen: Der Sog der technischen Méglichkeiten ist
gewaltig. Liefert doch z.B. das CT-Bild eine mehr oder weniger per-
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fekte Diagnose ohne sonstiges Zutun, gewissermaBen auf dem Prdsen-
tierteller. Auch das ist in gewisser Weise faszinierend - aber ohne
eine besondere geistige Leistung abzufordern. Es geht nicht um ein
Zuriick in die "gute alte Zeit", keine Maschinenstilirmerei! Es geht
um die stdndige BewuBtmachung, daB das Ubergewicht der technischen
MOglichkeiten allzu leicht den Blick fir das grundlegende Verst&nd-
nis der klinischen Pathophysiologie verstellt und damit die Einsicht
in - ich méchte sagen - das "Lebendige" am kranken Menschen. Sich
allzu sehr abhdngig zu machen von technisch - in unserem Fach natiir-
lich liberwiegend neuroradiologisch - gewonnenen Befunden, fiihrt in
eine EinbahnstraBe, die oft genug eine Sackgasse ist.

Ich sage das nicht so pathetisch ohne konkreten Grund. Es ist viel-
mehr die immer hdufigere erschreckende Erfahrung (mir jetzt vorwie-
gend im Gutachtenbereich zuflieBend) einer manchmal geradezu bestiir-
zenden Hilflosigkeit von Arzten, die gewissermaBen nur am Kontrast-
bild kleben und keiner origindren diagnostischen Leistung mehr f&hig
zu sein scheinen, weil sie die grundlegende patho-physiologisch-kli-
nische Analyse nicht mehr beherrschen.

Deshalb immer wieder mein ceterum censeo: Mehr Pathophysiologie (d.h.
flir uns auch Neurologie) und weniger Radiologie!

Es ist zudem der Verlust der - oder der Verzicht auf die intellektu-
elle Befriedigung, ja eine Art intellektuellen Vergniigens der per-
sonlichen diagnostischen Leistung, wie ich das schon einmal bei an-
derer Gelegenheit gesagt habe.

Noch einmal: Nichts gegen die Anwendung und volle Ausschopfung der -
oft genug absolut unentbehrlichen - technischen M8glichkeiten, aber
nur im Zusammenhang mit oder in Ergdnzung der "klinischen" Diagnostik.

Die Neurochirurgie war jedenfalls zu OTFRID FOERSTERs Zeit noch
hochst spannend (was nicht heiBen soll, daB sie es heute nicht mehr
ist). Aber sie ist heute doch hier und da langweilig geworden, z.B.
an der Wirbelsdule: Schmerzen - Myelographie - Operation. Aber 20 000
Bandscheibenoperationen pro Jahr - ich sagte es schon - allein in den
neurochirurgischen Kliniken: Wer wollte ernsthaft bestreiten, daB das
ein paar tausend zu viel sind, besonders wenn man die Ergebnis-Sta-
tistik unter die Lupe nimmt.

Es hdngt von jedem von uns ab, daB8 die Neurochirurgie weiterhin in
allen Bereichen interessant und spannend bleibt:

Ndmlich als Fortsetzung der Neurologie (und zwar einer voll ausge-

scehdpften Neurologie und Pathophysiologie) mit chirurgischen Mitteln
- im Sinne OTFRID FOERSTERS.
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Has Computed Tomography Led to Earlier Diagnosis
of Brain Tumors?

W. KLUGE and C. SPRUNG

Introduction

Development of new diagnostic techniques proceeds on the assumption
that early diagnosis of a brain tumor and exact knowledge of its
location, size and probable histological classification will im-
prove the patient's prognosis.

Since the introduction of computed tomography (CT) (by AMBROSE and
HOUNSFIELD) in 1973 many authors have emphasized the technique's
superiority over conventional radiological methods in the diagnosis
of virtually all types of brain tumor (1).

However, no study has been published to date dealing with the ques-
tion whether the advantage of CT - its simplicity and negligible
risk and discomfort for the patient - have in fact been associated
with a measurable reduction in the period between onset of symptoms
and definitive diagnosis of brain tumors.

Material

Retrospective analysis of approximately 200 case histories allowed
calculation of the mean interval between onset of symptoms and
definitive diagnosis in patients with glioblastoma, astrocytoma,
oligodendroglioma and meningeoma treated in the neurosurgery depart-
ment of Klinikum Charlottenburg before the introduction of CT in
1975 (Table 1). These cases were compared with a collection in which
diagnosis was made by means of computed tomography. Patients were
selected at random. The interval was calculated in months for glio-
blastoma and in years for the other tumors. Results were expressed
in terms of percentages of all diagnosis of a given tumor at de-
fined intervals after the onset of symptoms.

Table 1. Number of patients (with one of each of 4 types of brain
tumors

Without CT (n) With CT (n)
Glioblastoma 52 50
Astrocytoma 50 47
Oligodendroglioma 50 46
Meningioma 52 52
Total 204 195
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Results

Improved diagnosis with CT is evident in glioblastoma (Table 2). Diag-
nosis was made within a month of the onset of symptoms in only 27% of
cases before the introduction of CT, as compared to 52% of cases with
CT studies. Intervals are longer in cases of astrocytoma, but the ad-
vantage of CT over conventional methods is evident in this group of
tumors as well (Table 3). 81% of diagnosis were made in the first
year, compared to 40% before the introduction of CT. By comparison,
there was no significant reduction in the symptomatic interval be-
fore diagnosis of oligodendroglioma or meningeoma with CT studies.
Diagnosis was made more than 1 year after the onset of symptoms in
50% or more of cases, both before and after the introduction of CT
(Tables 4, 5).

Table 2. Glioblastoma statistics. Diagnosis (as a percentage of all
tumors) in relation to duration of the symptomatic interval

Without CT (%) With CT (%)
< 1 month 27 52
< 2 months 15,3 22
< 3 months 15,3 8
> 3 months 42,4 18
100,0 100,0

Table 3. Astrocytoma statistics. Diagnosis (as a percentage of all
tumors) in relation to duration of the symptomatic interval

Without CT (%) With CT (%)
<"1 year 40 81
< 3 years 20 6,3
> 3 years 40 12,7
100,0 100,0

Table 4. Oligodendroglioma statistics. Diagnosis (as a percentage of
all tumors) in relation to duration of the symptomatic interval

Without CT (%) With CT (%)
< 1 year 50 52
< 3 years 22 26
> 3 years 28 22

100 100




Table 5. Meningioma statistics. Diagnosis (as a percentage of all
tumors) in relation to duration of the symptomatic interval

Without CT (%) With CT (%)
< 1 year 46 48
< 3 years 29 29
> 3 years 25 23

100 100

Discussion
2iscussion

Interpretation of these results is difficult. A larger collection
might demonstrate a shift in the percentages. Exact definition of
the onset of symptoms, especially discrete psychological or neuro-
logical disorders, is extremely difficult in some cases. The shor-
test interval to diagnosis was estimated in these patients. There
was no significant. correlation between tumor-size and location or
specific symptoms and the interval until diagnosis was made. This
was true of all 4 tumor groups. Earlier diagnosis in glioblastoma
was probably related to the morphology of these tumors and their
high growth rate. Extensive perifocal edema usually results in early
and rapidly progressing symptoms which lead the patient to seek med-
ical attention. The chief complaint was a psychological disorder in
50% of cases, often accompanied by additional neurological deficit
at a later date. Earlier diagnosis was possible for different rea-
sons in cases of astrocytoma. Although our collection was relative-
ly small, our results were virtually identical with those reported
by KUHLENDAHL (1973) for astrocytomas of brain, with seizures as the
chief complaint in 60 - 70% of cases. Such an event almost always
leads the patient to seek medical attention, usually from a neuro-
logist, who prescribes the appropriate diagnostic procedures. In ad-
dition, it has been shown that CT studies are capable of demonstrat-
ing regions of decreased density in astrocytomas which have a normal
appearance in angiographic studies.

Although morphologically different, oligodendrogliomas and meningio-
mas have similarly low growth rates. This determines the gradual
development of symptoms which may be so uncharacteristic that neither
the patient nor his family physician is led to suspect an organic
lesion. Headache was the initial symptom in 40% of our patients with
meningioma, and the history ranged from weeks to months and even up
to 10 years in these cases. Seizures were observed in 20% of patients,
while the remaining symptoms and signs were related to location of
the tumor and include disorders of vision and olfactory sensation and
paralysis.

Seizures were observed in 50% of patients with oligodendroglioma, a
high percentage, though less than that found in astrocytoma. These
are often psychomotor seizures, and genuine epilepsy may be suspected
in these cases if other deficits are not evident, with the result
that additional diagnostic studies are deferred. Headache was the
chief complaint in 25 - 30% of cases in this group.



Conclusion

Half of all slow-growing brain tumors are still diagnosed more than

1 year after the onset of symptoms, even with the help of CT studies. We
believe that this fact is related to the insufficient use of the tech-
nique. Continuing education programs should inform primary care phy-
sicians of the exceptional diagnostic potential for the method. This
well necessarily lead to an increase in the number of CT studies per-
formed, but we believe that the indication for the procedure must be
expanded to include uncharacteristic or persistent headache. We shall
deal with the significance of headache as the chief complaint in

cases of brain tumor in an additional study.
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Conflicting Neuropathological and Computertomographic Findings
in Cases of Suspected Brain Tumors or Retrobulbar Tumors

H.-U. THAL, A. WANIS, U. PASCH, and M. WEIZSACKER

Introduction

CUSHING's monography includes 2000 histologically verified intra-
cranial tumors, 1031 cases of suspected and 859 histologically un-
verified tumors during a period of 30 years. We report 12 cases among
520 space-occupying lesions seen during the last two years in whom
the diagnosis of a tumor could not be proven histologically. 4 pa-
tients are already excluded where the clinical course or the second
operation finally proved the diagnosis of a tumor. It seems that

this number remains too high with respect to the improved diagnostic
methods including CT scanning.

Material and Method

All patients were under outpatient surveillance up to 20 months (mean
10 weeks) before hospitalisation. Progression of symptoms which las-
ted for years in several cases (mean 31 weeks) and neuroradiological
signs led to hospitalisation and operation. In the history, headache
occurred with one patient, focal seizures with 3 patients, generalized
seizures with 5, and hemiparesis with 3 patients. With 3 patients pro-
trusio bulbi progressed despite corticosteroid therapy. Papilloedema
occurred only with one patient. Except the patients with retrobulbar
lesions, all had pathological EEG-findings demonstrating dysrhythmia
in 3 cases, focal signs in 5 cases, general disorders in 2 cases, and
epileptic signs in 2 cases. CT scans were performed 54 times, and in
all cases the suspicion of tumor was mainly based on CT scan findings.
In addition to the 3 lesions with retrobulbar location, 3 frontal,

1 temporal, 3 parietal, 1 occipital, and 1 infratentorial lesion could
be localized. As seen in Table 1, six cases demonstrated low-density
areas, 5 cases high-density areas, both with positive contrast enhance-
ment. 1 case showed a low-density area with negative contrast enhance-
ment. In this case and two others the lesions were space occupying.
Radionuclide scans remained negative in almost all cases even after
multiple controls. Therefore, ischemic lesions of the brain had to be
excluded diagnostically. 9 patients had angiograms which were repeated
with 2 patients. The results showed normal findings in 4 cases, poorly
vascularized lesions in 4 cases, of which one was space—occupying.
Tumor vessels within a space-occupying lesion were found in 1 angio-
gram. With another patient, occlusion of the aqueduct could be demon-
strated by ventriculography as the cause of hydrocephalus and papill-
oedema.
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Table 1. Computertomographic findings in 12 patients with suspected
brain tumors or retrobulbar tumors

No. of Density No. of patients with signs
patients according to brain tissue of space-occupying lesions
6 Hypodensity

with enhancement 3
5 Hyperdensity

with enhancement 2
1 Hypodensity

without enhancement 1
Results

Including shunt operation and ventriculography 16 surgical inter-
ventions were done on the 12 patients. 13 specimens were taken for
neuropathological diagnosis. In 7 cases tumors were suspected macro-
scopically, in 6 cases the macroscopical diagnosis remained unsure.
The neuropathological evidence has been listed in Table 2. With 8
specimens, only signs of acute to chronic blood brain barrier dis-
turbances were found neuropathologically including two, in which dif-
fuse gliomas (grade I) were diagnosed. One biopsy showed multiple
old brain abscesses. With 3 biopsies taken from the orbital lesions

2 showed chronic non-specific inflammation, and 1 normal fatty tissue.
Brain infarction could be excluded for all specimens.

Table 2. Neuropathologic evidence in cases of suspected brain or
retrobulbar tumors

No. of patients

5 Acute to subacute brain edema
Chronic brain edema

2 Chronic brain edema with diffuse gliomatous
reaction (gliom grade I)

Multiple brain abscesses

2 Unspecific inflammatory disease
1 Lipomatous tissue
12

Postoperative CT scans verified that the surgical fields included the
pathological areas, as seen in Figs. 1 and 2. One patient deteriorated
during the course of the disease. Unfortunately, with reoperation no
further diagnostic or clinical improvement could be achieved. This pa-
tient died at home, and no autopsy was performed. Another patient who
died in hospital from an intercurrent infection was autopsied including
histopathological investigation at our clinic.

Discussion

While false negative CT scans have been reported frequently (2, 4-6,
8, 9) false positive findings are rarely reported (6, 9). Only DAVIS
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and TAVERAS (4) reported on two patients in whom suspected brain tu-
mors were not found during the operation. While 1 of these patients

had radiation necrosis, no pathological findings were made with the

other.

Of course, there is a preference to report positive results, but
cases as reported above seem to exist. The diagnoses which have to
be addressed in these cases did change slightly since the times of
CUSHING (1, 3, 7): While syphilis, tuberculosis, or parasitoses of
the brain became rare, diseases of the blood vessels now dominate
the diagnostic considerations (2, 4, 5). Brain abscesses, bleeding
disorders, trauma, aneurysms, or encephalitis play a minor role.
Among our cases some groups can be separated.

The retrobulbar lesions: In 2 out of 9 retrobulbar lesions we found
inflammatory pseudo-tumors exceeding the percentage reported by
WENDE (10) .

Only the patient presenting with papilloedema can be compared to the
pseudo-tumors with or without hydrocephalus as reported by NONNE (7)
and BAILEY (1). Also the patient reported by DAVIS and TAVERAS (4)
has been operated upon false positive CT scan and ventriculography.

One patient demonstrated multiple old calcified brain abscesses
which had been misinterpreted by us as oligodendroglioma preopera-
tively.

The remaining 7 cases with neurological signs and symptoms of hemi-
sphere tumors demonstrated pathological findings in the CT scans and
in one half of the angiograms. However, except in one case, radio-
nuclide scans were negative. Especially, ischemic infarctions could
not be verified by clinical, neuroradiological, and neuropathological
findings. Meanwhile, 2 patients have died, and 1 patient's brain re-
vealed diffuse gliomatosis of one hemisphere at autopsy. Whether the
remaining 5 cases can be classified as "pseudo-tumor cerebri" accor-
ding to NONNE with curative outcome (7) only the future will reveal.

Conclusion

12 cases are reported where the neuropathological findings of biopsy
material could not prove the existence of tumors which were suspected
preoperatively. The false positive CT scans in connection with pro-
gressive neurological status, and neuroradiological findings led to
surgical intervention. In some of the 5 cases which remained diag-
nostically unclear only the clinical course may finally lead to the
diagnosis. However, because autopsies frequently cannot be obtained,
these cases may remain undiagnosed. For the responsible surgeon,
these patients demonstrate that under certain circumstances neither
the clinical investigation nor CT scans or neuroradiological findings
can avoid negative results at operation.

References

1. Bailey, P.: Contribution to the histopathology of "pseudotumor
cerebri". Arch. Neurol. and Psych. 4, 401-416 (1920)

2. Bradac, G.B., Simon, A.S., Grumme, T., Schramm, J.: Limitations
of computed tomography for diagnostic neuroradiology. Neuroradio-
logy 13, 5, 243-247 (1977)



10.

Cushing, H.: Intrakranielle Tumoren. Berlin: Springer 1935

Davis, K.R., Taveras, J.M., Roberson, G.M., Ackerman, R.H.:
Some limitations of computed tomography in the diagnosis of
neurological diseases. Am. J. Roentgenol. 127, 111-123 (1976)

Kazner, E., Wende, S., Meese, W.: Reliability and limitations
of cranial computerized tomography. In: Cranial Computerized
Tomography. Lanksch, W., Kazner, E. (eds.), pp. 463-470. Berlin,
Heidelberg, New York: Springer 1976

Mori, H., Lu, Ch., Chiu, L.C., Cancilla, P.A., Christie, J.H.:
Reliability of computed tomography: Correlation with Neuropatho-
logic Findings. Am. J. Roentgenol. 128, 795-798 (1977)

Nonne, M.: Uber Fille vom Symptomenkomplex "Tumor cerebri" mit
Ausgang in Heilung (Pseudotumor cerebri). Dt. Ztschr. f. Nerven-
heilk. 27, 169-216 (1904)

Tentler, R.L., Palacios, E.: False-negative computerized tomo-
graphy in brain tumor. Jama 238, 339-340 (1977)

Wende, S., Aulich, A., Lange, S., Lanksch, W., Schmitt, E.J.:
Computerized tomography in diseases of the orbital region. In:
Cranial Computerized Tomography. Lanksch, W., Kazner, E. (eds.),
pp. 207-211. Berlin, Heidelberg, New York: Springer 1976

Wende, S., Aulich, A., Kretschmar, K., Grumme, Th., Meese, W.,
Lange, S., Steinhoff, H., Lanksch, W., Kazner, E.: Die Computer-
Tomographie der Hirngeschwiilste. Eine Sammelstudie iiber 1658 Tu-
moren. Radiologe 17, 149-156 (1977)

Fig. 1 (left). Preoperative CT of patient M.K. with contrast enhance-
ment

Fig. 2 (right). Postoperative CT of patient M.K. after application of
Angiografin
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Computer Tomographic Findings of Brain Tumors Projected
on X-Rays and Scalp

W. HASSLER, J. GILSBACH, W. BIRG, H.R. EGGERT, and W. SEEGER

Introduction

Using computed tomography, it is possible in almost every case to
directly establish the diagnosis of tumors, including their size

and their relation to neighboring structures. CT scans have become
more and more precise, enabling neuroradiologists to detect even
very small tumors. This sometimes makes it difficult for the neuro-
surgeon to find the tumor at surgery. Only after section scans,
which up to now have usually been horizontal, are transferred exact-
ly onto X-rays and then onto the scalp can trepanation be so centred
as to afford aid in localizing the tumor. A typical example is the
parasagittal tumor, in which case major errors can occur if the plane
of the layer is unknown.

Transferring Computer Tomographic Findings Onto the X-Ray

External Marking

A barium impregnated tube or a metal wire is placed over the shaved
head of the patient and is fastened at each ear (4-9). Ideally it
should lie in the parietal region over the assumed site of the tumor.
A lateral skull scan is then taken. After this, with the marking tube
still in place, computed tomography of the skull is carried out. The
positional relation between the tumor and the outer tubes can be seen
on the CT scan. Usually the tubes are not exactly on one place so
that in the lateral scan, the front or back portion of the tube can
be put in relation to the localization of the tumor (Figs. 1, 2).

Reference points of the skull on the X-ray - such as nasion, bregma,

lambda, inion, and external auditory meatus - make it possible to
transfer the size of the trepanation onto the X-ray.

Reconstruction of CT Layers on the X-Ray

A second possibility to transfer tumors onto the X-ray is to recon-
struct the CT plane with the layer thickness and the layer angle

(2, 10). Reconstruction is done using CT planes close to the base
(Fig. 2). For this purpose, bony structures, which can be put in re-
lation to the X-ray, are primarily used. These structures include
the frontal sinuses, the orbital roofs, the sphenoid plane, the
clinoid processes, the dorsum sellae, the surface of the petrous
bone, the inion, and, in the upper layers of the ventricular sec-
tions, the foramina of Monro, the pinealis, and the posterior edge
of tentorium (Table 1).
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Table 1. Distances of inner cerebral structures from brain surface
or skull inner surface

Frontal pole Genu corporis callosum 30 - 35 mm
Frontal pole Foramina of Monro 60 - 65 mm
Temporal pole Occipital horn tip 40 mm
Occipital pole End of corpus callosum 60 mm
Convexity Corpus callosum 40 mm

(parietal region)
Bregma Foramina of Monro 60 mm

If one of the basal CT layers is transferred onto the X-ray, the CT
scan is constructed layer by layer on the X-ray, according to the
projective distortion. The distance from the bone is derived in the
CT from the layers on which the tumor is demonstrated and is then
transferred onto the X-ray.

Computational Transfer of the CT-Findings onto the X-Ray

A further possibility of transferring the CT-findings onto the X-ray
is by computation. This has been proposed by BIRG, KREPPER, and
MUNDINGER (1) . This method involves scanning the frontal and occipi-
tal skull periphery points with a plotter into the individual axial
CT sections and then feeding them into the computer (Fig. 2). After
the desired X-ray distortion and the distance between the axial tomo-
graphic layers have been fed in, the computer, with the aid of the
plotter, can then draw in a lateral reconstruction of the skull peri-
phery and of the tumor borders. The drawing of the reconstruction is
produced on a transparent stencil and is then superimposed on the
corresponding X-ray. An advantage of this method is that after the
skull points have once been fed in, a new stencil can be made up in
any X-ray distortion scale. Thus a drawing can be constructed and
adjusted for other X-ray methods such as angiography, ventriculo-
graphy, and X-ray native scans. Modern CT-devices may provide a late-
ral or coronal reconstruction of the relevant brain areas; however,
in contrast to this method, they yield only the relation skull con-
vexity - brain contour - tumor contour, and not the relation skull
convexity-tumor contour - brain vessels.

Transfer of the Tumor Localization from the X-Ray onto the Scalp

In transferring the tumor localization from the X-ray onto the scalp,
reference points have to be used that are identical on the X-ray and
on the external skull surface and scalp surface (Fig. 3).

The bregma is situated 13 cm from the nasion and can be recognized by
its slight curvature. 12 cm behind the bregma in the midline is the
point where the lambdoid and sagittal sutures meet. This point is
seen as a small dent and can also be measured at 7 cm from the pro-
tuberantia occipitalis externa (Table 2).

Situated laterally on the skull is the fronto-zygomatic point which
is the external protruding part of the orbital arch. In the X-ray it
is not displayed but is an important reference point when the scalp
has been opened. On the side of the skull, it is possible to identify



Table 2. Distances in the area of the skull convexity

Nasion Bregma 13 cm
Bregma Lambda 12 cm
Lambda For. parietale 3 cm
Lambda Inion 7 cm

Lambda = point where lambdoid and sagittal sutures meet

the sutures, the linea temporalis superior, and the beginning of the
zygomatic arch. The zygomatic arch lies 1,5 cm in front of the ex-
ternal auditory meatus, which is not visible at operation (11-13).

Reference points on the head (scalp unopened) are nasion, bregma,
inion, external auditory meatus, orbital arch, fronto-zygomatic
point and midline (Table 3).

Examples

Frontal Tumors. The distance from the midline is measured in the
a.p.-X-ray. In the case of fronto-polar tumors, we additionally
measure the height above the orbital arch in order to determine the
center of the tumor. With fronto-dorsal and fronto-lateral tumors,

a line is drawn through the marked center of the tumor to the audi-
tory meatus (alemannic obliquity). The other side of the line inter-
sects the convexity of the skull. The distance to the bregma is
measured from this point of intersection. With fronto-lateral tumors
we measure the distance from the auditory meatus. It only makes sense,
however, to take measurements of the distances from the tumor center
up to 10 cm, since the curvature of the skull becomes too large at
distances of more than 10 cm from the auditory meatus. The same pro-
cedure is used in the case of pre-central tumors.

Table 3. Reference points for brain tumor projection

Skin Skull X-ray

Nasion

Bregma

Inion

Orbital Arch

Meatus acousticus ext.
Midline

+ o+ o+ o+ o+ o+

Sutures -
Fronto-zygomatic point +
Beginning of zygomatic arch -

Point where lambdoid and sagittal (+)
sutures meet

+ + + + + 4+ + + + 4+

+
!

Linea temporalis superficialis -




Temporal Tumors. The tumor can be constructed either as with fronto-
lateral tumors or starting from the external auditory meatus. If the
scalp has been opened, one can orientate oneself on the zygomatic
arch, which is 1,5 cm in front of the auditory meatus.

Parietal Tumors. In the parietal region, particularly up to the lamb-
doid, the starting line bregma/auditory meatus is very suitable
(alemannic obliquity) (Fig. 3). With tumors close to the convexity
measurement is taken from the bregma or from the inion. If the tumors
are situated in the area of the largest curvature of the skull cap,
additional measurement is taken from the midline.

Oceipital Tumors. Occipital tumors are constructed from the midline
or from the base line of the external auditory meatus/inion. With
tumors close to the midline additional measurement is taken from the
midline.

Deep-Seated Tumors. Deep-seated tumors, whose position can also be
determined in relation to ventricles, the foramina of Monro, and the
pinealis, are projected onto the skull surface by the shortest dis-
tance. If during this procedure functionally important areas or large
cerebral veins are hit, we shift the approach. The projective dis-
placements that occur thereby are drawn in on the a.p.- and lateral
X-ray.

Surgical Procedure. When the center of the tumor and its outer border
is drawn on the scalp, the pedicle graft is placed around the tumor
towards the base. The fact that the center of the tumor is situated

in the middle of the graft provides an additional point of orientation.

Conclusion

The methods described above are useful albeit not as precise as
stereotactic procedures. Minor errors can occur due to the position
of the head during the operation and because of the various axis
settings of the microscope.

A definitive advantage of these methods, however, is that the exact
trepanation above the center of the tumor facilitates establishing
points of orientation in cases of intracerebral tumors.

In a few years these methods might possibly be obsolete: the patient
will then leave CT with a mark on his skin above the center of the
tumor.
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Fig. 2. Synopsis of the 3-marking-method (external marking,
reconstruction of the CT-scan, computational transfer)

Fig. 3. Important marking points for construction of the tumor on

the X-ray and scalp; alemannic obliquity: line bregma - external
auditory meatus
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Stereotactic Brain Surgery with the Aid of Computed Tomography
(CT-Stereotaxy)

F. MUNDINGER and W. BIRG

Computer stereotaxy (2, 3) can be combined with modern computer tomo-
graphic systems to achieve directly, without the aid of invasive neu-
roradiological techniques, a precise presentation and targetting of
the morphological structure (1, 4-7). We have now further developed
our own procedure, based on the fact that with modern CT scanners it
is possible to obtain from the CT scans the coordinate information
necessary for the stereotactic operation.

A simple procedure for determining the target points for functional
indications (Parkinson syndrome, extrapyramidal hyperkinesia, spasti-
city, epilepsy, intractable pain) and for non-functional indications
(puncture and resection of tumors, cysts, foreign bodies, abscesses,
the implantation of catheter and electrode systems and radioisotopes)
is made possible with our stereotactic device (RIECHERT and MUNDINGER
[7, 10, 11], MUNDINGER and BIRG [2, 3]). For it is one of the very

few on the market today that works on the polar coordinate principle.
This stereotactic device principle can be easily adapted to any CT de-
vice with a large gantry (> 40 cm).

The target point is the vertical tip of the cartesian spatial coordi-
nates, which are established in the center of the base ring (= O point)
fastened on the head. It is therefore only necessary to make the O-
point of the base ring identical with the O-point of the coordinate
system of the CT-scanner gantry and to establish the x-y-axis posi-
tion. In this respect there are no changes to be made on our stereo-
tactic device.

1. Procedure

The procedure is carried out as follows: the patient's head, which is
placed securely with special fixers in a base ring developed for our
stereotactic system is scanned in the CT gantry (Fig. 1). We have
constructed a holder which makes it possible to achieve an exact re-
lation between the coordinates represented on the scanner and the O-
point of the base ring; or to convert the CT coordinates into the
base ring coordinates. !

(1) A frontal and sagittal scout view CT scan is taken (Fig. 2).

(2) CT scans are taken, parallel to the stereotactic base ring, with
a gantry angle of 0° and a distance between layers of 5 - 10 mm. The
lowest CT layer is in the O plane of the stereotactic base ring (z =
0) (see Fig. 2).

1 These additional parts, like the stereotactic device,'are manufac-
tured by F.L. Fischer Hospital Equipment, D-7800 Freiburg/Br., West
Germany

Advances in Neurosurgery, Vol. 10
Edited by W. Driesen, M. Brock, and M. Klinger
© Springer-Verlag Berlin - Heidelberg 1982 17



(3) Thin sections of 0.5 - 1.5 mm are made in the area of the rele-
vant structures (diencephalon, tumor, etc.) in order to facilitate
reconstruction in the coronal and sagittal plane.

(4) The sagittal and coronal reconstructions are calculated using the
pixel size, according to the site of the target (1 - 20 = 1.1 = 22 mm).
For time-saving purposes, these reconstructions are limited to the
target area.

2. Evaluation

(1) Functional Stereotaxy: The thin section areas of the target range
(diencephalon, internal capsules, amygdala, etc.) are measured with
the CT computer or with an external computer. To determine the fora-
men of Monro - commissure posterior, which we usually take as the in-
tracerebral base line (3, 9), the following structures are measured:

a) Foramen of Monro: The X and y coordinates are taken from the re-
spective axial CT scans. The z coordinate is, in each case, given
by the position of the section relative to the middle of the base
ring (= O-point).

b) Commissure Posterior: The coordinates are taken from the CT scans
as with a).

c) The target point is determined in relation to the base line.

(2) If the software for reconstruction is available, the base line
and the target point are taken from the sagittal and coronal (verti-
cal) reconstruction of thin sections (1.5 mm) (Fig. 3). This is done
according to the procedure carried out before in contrast ventriculo-
grams. The structures are related to the coordinate system.

(3) Trepanation Point: The coordinates of the trepanation point are
measured on the scout view scan. The y and z coordinates are taken
from the sagittal scans, the x coordinate from the coronal scout view
scan (Fig. 4). It must be taken into account in all evaluations of
the scout view scan that only the plane containing the scanner axis
is free of X-ray distortion. The measuring errors that arise from
this, however, can be ignored in determining the trepanation point.
The coordinates of the target point are measured from the sagittal
and coronal reconstruction (Fig. 3).

(4) The electrode appraoch at a required angle to the target point

(e.g., 659 to the zona incerta of the subthalamus) and the coordi-

nate can be established in the reconstructions (sagittal, coronal)

as well as in the scout view scans. The pertinent trepanation point
is obtained in the same manner.

3. Non-Functional Neurosurgery

For non-functional neurosurgery, tumor biopsy, cyst drainage, cathe-
ter and radioisotope implantation, etc., coronal and sagittal re-
constructions of the pathological process are made. The coronal pro-
jection of the tumor is taken from the coronal reproduction. The
axial CT section is examined in which the greatest extension of, e.g.,
the tumor is manifested.

(1) The x and y coordinate of the tumor's "target point" are measured
using the CT computer. The z coordinate is the level of the examined
CT section (Fig. 4).



(2) The tumor is marked as "region of interest" and the mean X-ray
density and the tumor surface in this section is established.

(3) The trepanation point is determined as under 2.(3)-(4).

All the coordinate information necessary for the stereotactic punc-
ture with the aid of CT is thus at hand. There is no further need

for contrast ventriculography. For economic and aseptic reasons, the
operation takes place in the operating room. In the holder of the
base ring an additional full size radiograph is built in a.p. and
laterally. The setting parameters (angles, electrode) for the stereo-
tactic device can be calculated using the coordinate information. The
stereotactic computer program (2, 3) can be integrated into the CT
computer software.

The 28 cases (March 31, 1981) treated by us so far, show that the
stereotactically established target points are hit by probe or elec-
trode with a deviation of less than 1 mm. This increase in precision
is a result of the direct measuring of the anatomical and pathological
structures - without a transferring process (ventriculography, angio-
graphy) or a special head fixation device (1, 5, 6) - and also of the
direct use of the stereotactic coordinates.

The fact that no invasive neuroradiological methods are applied in
functional neurosurgery makes it possible to use our methods on a
wide range of indications, as far as age and relative contraindica-
tions are concerened (Tables 1 - 3). Our method also enabled us to
treat small tumors with a diameter of only a few millimeters.

Table 1. Functional intracerebral indications for CT-stereotaxy

Pyramidal-, extrapyramidal motor disorders
Intractable pain (electrode stimulation system, DBS)
Epilepsies

Psychosurgery

Table 2. Non Functional intracranial indications for CT-stereotaxy

Biopsy

Puncture of cysts, abscesses
Implantation of radioisotopes, catheters
Extraction of foreign bodies

Resection of small tumors (metastasis)

Clipping, embolization of a.v.-malformations, aneurysms
(combined open-stereotactic approaches)
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Table 3. Advantages of CT-stereotaxy

Direct pathological anatomical morphological visualization of
structures

Direct destination of targets

Less need of indirect invasive neuroradiological methods
e.g. ventriculography (i. art. angiography)

Less complications
Wider range of indications (age, relative contraindications)
Better results

Abstract

Computed tomography (CT) - stereotaxy is presented as a new method
of stereotactic neurosurgery. With the polar coordinate - stereo-
tactic device developed by RIECHERT and MUNDINGER in the computer
compatible modification by MUNDINGER and BIRG, the target points and
their coordinates for functional indications (hyperkinesias, intract-
able pain, epilepsy, etc.) and non-functional indications (tumor biop-
sy, radioisotope and catheter implantation, etc.) are taken directly
from the CT scan. The CT's are produced with a stereotactic base ring
which is fastened on the head. Using a special adjustable holder, the
2 coordinate systems can be made to coincide. Invasive neuroradio-
logical transfer procedures - indirect and secondary - (frame-con-
structions) are not necessary. The indication span is thus broadened
and the precision of the stereotactic surgical procedure (> 1 mm) is
further enhanced.

References

1. Bergstrdm, M., Greitz, T.: Stereotactic computed tomography.
A.J.R. 127, 167-170 (1976)

2. Birg, W., Mundinger, F.: Computer calculations of target para-
meters for a stereotactic apparatus. Acta neurochir. 29, 123-129
(1973)

3. Birg, W., Mundinger, F., Klar, M.: Computer assistance for stereo-
tactic brain operations. Adv. Neurosurg. 4, 287-291 (1977)

4. Brown, R.A.: A computerized tomography-computergraphies approach
to stereotaxic localization. J. Neurosurg. 50, 715-720 (1979)

5. Greitz, T., Bergstrdm, M., Boethius, J., Kingsley, D., Ribbe, T.:
Head fixation system for integration of radiodiagnostic and thera-
peutic procedures. Neuroradiology 19, 1-6 (1980)

6. Huk, W., Baer, U.: A new targeting device for stereotaxic proce-
dures within the CT scanner. Neuroradiology 19, 13-17 (1980) -

7. Koslow, M., Abele, M.G., Griffith, R.C., Mair, G.A., Chase, N.E.:
A computerized tomographic controlled stereotactic surgical system
(in press)

8. Mundinger, F.: Stereotaktische Operationen am Gehirn. Grundlagen-
Indikationen-Resultate. Stuttgart: Hippokrates 1975

9. Mundinger, F., Riechert, T.: Die stereotaktischen Hirnoperationen
zur Behandlung extrapyramidaler Bewegungsstdrungen (Parkinsonismus
und Hyperkinesen) und ihre Resultate. Fortschritte der Neurologie-
Psychiatrie 1, 1-120 (1963)

20



10. Riechert, T., Mundinger, F.: Beschreibung und Anwendung eines
Zielger&dtes fiir stereotaktische Hirnoperationen (II. Modell).
Acta Neurochir. 3, 308-337 (1956)

11. Riechert, T., Mundinger, F.: Ein kombinierter Zielbligel mit
Bohraggregat zur Vereinfachung stereotaktischer Hirnoperationen.
Arch. Psychiat. Nervenkr. 199, 377-385 (1959)

Fig. 1. Presentation of the CT scanner gantry with the stereotactic
device developed by RIECHERT and MUNDINGER in the computer compatible
modification by MUNDINGER and BIRG. The cartesian target point coordi-
nates of the stereotactic device are identical with the coordinates

of the CT scanner when the O-point of the stereotactic device is in
the origin of the CT scanner
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Fig. 2. Lateral scout view. CT scan taken parallel to the stereo-
tactic base ring with a gantry angle of 0° and a distance between
layers of 1,5 - 10 mm. The lowest CT layer is in the O plane of the
stereotactic base ring (z = O0). The y- and z-coordinates of the tre-
panation point are measured on the scout view scan is taken from the
x-coordinate from the coronal scout view scan (see Fig. 4)
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Fig. 3. Sagittal reconstruction of thin sections of 1,5 mm. The fora-
men of Monro and commissure posterior base line is marked. The target
point (zona incerta in this case of parkinsonism) is determined in
relation to the base line. The coordinates of the target point are
calculated using the CT-computer
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Fig. 4. Glioblastoma multiforme for interstitial iodine-125 Brachy-
Curie~therapy. The two target points for the implantation are de-
termined and the x- and y-coordinates are calculated using the CT-
computer (see right lower corner). The z-coordinate corresponds with

the CT level (in this case 95 mm above the middle of the base ring)
(coronal scout view scan)
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Necessity for Biopsy After the Introduction of Computerized
Tomography
H. C. NASHER, H.E. NAU, L. GERHARD, W. GROTE, and V. REINHARDT

Introduction

Computertomography has brought about an impressive improvement of
localisation (and specifying) of cerebral diseases as well as the
present improvement in radiological and chemical therapy. Therefore
the opinion has increased that non-operative diagnosis is already
sufficient (5, 12) in many patients for the decision for a specific
therapy (like in cases of midline tumors the risk of biopsy seems
to be much greater for some authors than the value of biopsy for
diagnostic and therapeutical procedures). In our opinion, however,
the comparison of neuroradiological and histological findings en-
ables clinicians to discuss a more accurate way of therapy and avoid
possible diagnostic errors. We would like to demonstrate this in a
number of cases and point to possible sources of diagnostic errors.

The most frequent discrepancies between clinical and histological
diagnosis - in special regard to computertomography - is demonstrated
in Table 1. On the one hand there is a misinterpretation of circula-
tory disturbances and inflammations as gliomatous tumors (3), on the
other hand a wrong estimation of the kind of the underlying tumorous
process. That is why a tumor may be thought of as being malignant,

but during operation it proves itself as a relative benign one (11).
Also metastasis and gliomatous tumors sometimes cannot be differenti-
ated without the help of biopsy (7). This differentiation, however,

is nowdays necessary following the introduction of very diverse radio-
and chemotherapeutic procedures or for the successful control of such
management. So the radiation of a benign tumor can be the consequence
of the non-operative clinical diagnosis. The misinterpretation of cir-
culatory disturbances as inflammatory (8) or tumorous processes can
be called an extremely bad mistake. In these cases the therapy of the
underlying disease is impossible or may be seriously delayed. For ex-
ample the administration of cortisone and derivatives is contraindi-
cated in inflammatory processes as well as the suppression of the en-
dogenous defence mechanisms by chemotherapy and irradiation.

Case Reports

Case 1: Differential diagnosis: tumor - vascular disease.

45-year-old diabetic patient developed grand mal attacks. CT scan
showed hypodense and hyperdense areas in the native scan, spotted
enhancement in the head of caudate nucleus, putamen, pallidum and
the right parietal lobe after application of contrast medium.
Angiography confirmed a space~occupying process without pathological
vessels in the right parietal area.
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Table 1. Possible misinterpretations by CT

Clinical diagnosis Biopsy diagnosis

Primary brain tumor Ischaemia, infarction, hematoma,
primary vascular disease

Primary brain tumor Inflammation, abscess, encephalitis,
demyelinating processes (multiple
sclerosis)

Metastatic tumor Primary brain tumor

Malignant primary brain tumor Benign intracranial tumor

Histology demonstrated cortical areas with large hemorrhages and
fibrous tissue which has started an organizing reaction from the
leptomeninges. Elastica - van GIESON revealed no tumor at all. HE
stain demonstrated mainly older hemorrhages (Fig. 1).

Case 2: Differential diagnosis: malignant primary tumor - benign
intracranial tumor.

47-year-old patient with decompensated renal insufficiency. After
the first generalized seizure CT scan: hypodense space occupying
lesion in the left frontal lobe, extending into the right hemisphere
via the genu of corpus callosum. Renal insufficiency permitted only
low dose application of contrast medium.

Histology showed two aspects of this tumor. In addition to a charac-
teristic portion of a meningiotheliomatous meningioma histology re-
vealed a complete fatty degeneration of meningioma cells in 90% of
the tumor. This might be the cause for a partly non-typical picture
of the CT scan.

Case 3: Differential diagnosis: benign intracranial tumor - malignant
primary brain tumor.

74-year-old male with hypacusis and facial paresis on the left side,
disturbed labyrinthine function and incoordination. In the scan homo-
genous enhanced area with low grade perifocal oedema in the left ce-
rebellopontine angle and without fourth ventricle.

Histology revealed small to medium sized cells with very scanty cyto-
plasm arranged in lines between argophylic fibres. Typical picture
for a lymphoma or reticulum cell sarcoma (Fig. 2).

Case 4: Differential diagnosis: metastasis -~ benign intracranial
tumor.

42-year-old female with non-Hodgkin lymphoma IV in complete remis-
sion after chemotherapy. After developing a left hemiparesis focal
radiation therapy of the intracranial tumor without success.

CT scan showed a polycyclic homogenous enhanced area extending to
the lateral ventricle.

Histology confirmed a typical meningioma (Fig. 3).

Case 5: Differential diagnosis: metastasis - malignant primary brain
tumor.

69-year-old female with progressive aphasia and hemiparesis. Radio-
logical signs of renal tumor.

CT scan showed a left parietal hypodense area with ring blush.
Histology revealed only small areas with undifferentiated glious cells
among large areas of nearly complete necrosis of a glioma or a glio-
blastoma.
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Case 6: Differential diagnosis: benign intracranial tumor - malignant
primary brain tumor.

53-year-old female with hemianopsia and cerebellar symptoms.

CT demonstrated a nearly homogenously enhanced structure in the
right occipital lobe. Operative diagnosis: meningioma of the ten-
torium.

Histology of the biopsy material had a very polymorphic appearance
with giant cells, many spindle cells of different sizes and strands
of connective tissue suggesting some sarcoma with a possible metasta-
tic or meningeal origin. The autopsy proved a glioblastoma extending
mainly in the arachnoid space and invading the dura mater. A cortical
field from the occipital lobe showed typical tumorous glia cells
(Fig. 4).

Conclusion

The examples demonstrate the initially mentioned problems. Clinical
mistakes in diagnosis may have different causes, but the most fre-
quent cause is misinterpretation of the CT scan. The pseudospecifity
of the computerized picture can be imitated by etiologically very
different processes in the single case. This statement can even be
proven by the interpretation of ring structures in the CT scan and
the underlying morphological processes (1, 4, 6, 9, 10). In cases of
obvious CT diagnosis other clinical procedures are not performed for
reasons of risks and costs; there we would remind you of angiography,
cytology of CSF as well as diagnostic laboratory measurements. Our
experience demonstrates that the place of clinical procedures is
more and more taken over by detailed CT diagnosis only (in contrast
to this comparison of detailed CT and biopsy findings can even elucite
the morphological diagnosis which would remain uncertain, at least
without the CT).

In this regard the enormous difficulty to differentiate between re-
active, secondary or perifocal glial alterations - also in cases of
stereotactic biopsy (2) and the central metastatic tumor or a non-
glial tumor has been diminished by the comparison of CT scans -

also in the course of the disease - for the histologist. It has to
be stressed however that the biopsy has to contain enough material
for histological examination. This cannot be achieved by stereotactic
biopsy.
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Fig. 1 a-d. CT diagnosis: gliomatous tumor. a Scan without contrast.

b
c

Postcontrast scan. Histological diagnosis: hemorrhagic necrosis.
Elastica v. GIESON stain (38:1). d HE stain (38:1)
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Fig. 2 a-d. CT diagnosis: tumor of cerebellopontine angle. a, b
Postcontrast scan. Histological diagnosis: lymphoma or reticulum
cell sarcoma. ¢ PAS-reaction (175:1). d Gomori stain (400:1)
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Fig. 3 a, b. CT diagnosis: metastasis of non-Hodgkin lymphoma.
a Postcontrast scan. Histological diagnosis: meningioma. b Elas-
tica v. GIESON stain (90:1)
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logical diagnosis: b Bioptic material: sarcoma-like picture, Elas-

tica v. GIESON stain (70/1). C Autoptic material: occipital lobe
with tumorous glia cells, HE stain (70:1)

Fig. 4 a-c. CT diagnosis: meningioma. a Postcontrast scan. Histo-
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The Value of Computerized Tomography in the Preoperative Diagnosis
of Brain Tumors

W. HuK and M. KLINGER

The reliability of CT-findings in establishing the preoperative
diagnosis of the various kinds of intracranial tumors has been dis-
cussed since computerized tomography (CT) was introduced into neuro-
radiology. In the meantime experience with a larger number of tumors
allows a more realistic evaluation of the significance of CT images
of brain tumors than in the beginning.

In Table 1 the most important measurable and visual parameters of
brain tumors in the CT-image are listed. As the measurable parame-
ters are of little value in routine diagnosis, we have concentrated
only on the visual features. In a number of cases some of these lead
to the identification of intracranial neoplasms. Among these charac-
teristics the localisation of brain tumors is of major diagnostic
importance, for example in tumors of the pituitary fossa, pineal
gland and the cerebellopontine angle. Specific density values, which
are another quality of similar significance are much less frequent.
These include lipomas (Fig. 1) and epidermoid cysts.

In the great majority of brain tumors, however, no criteria of suf-
ficient diagnostic reliability are known. This group includes glio-
mas, meningiomas, metastases and others.

In a series of 703 tumors, the eight most common neoplasms were
studied (Table 2): Meningiomas were accurately recognized in 90%
of the cases. Differentiation of histological subgroups and proof
of the rare malignancy of meningiomas was not possible (Fig. 2).

Table 1. CT-parameter of brain tumors

1. Measurable parameters
a) Mean density
b) Density distribution (histogram, density profile)

2. Visual parameters

a) Localisation

b) Signs of space occupation

c) Density distribution

d) Density distribution

e) Regularity and definition of borderline
f) Degree of enhancement

g) Perifocal edema
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Table 2. Diagnostic accuracy of CT in the diagnosis of brain tumors

Type of tumor No. of Diagnosed Diagnostic accuracy (%)
cases by CT

Astrocytoma

I+ II 40 28 70

Glioblastoma 117 85 73

Meningioma 156 142 91

There is a danger of misinterpretation in cases of lymphomas, glio-
mas, solid angioblastomas, neurinomas and metastases.

Among 40 histologically verified astrocytomas grade I and II of our
series 70% showed a "typical" CT-image. In six tumors with similar
features, however, higher grades of malignancy were detected (Fig. 3).
Differential diagnostic considerations should include all hypodense
lesions of neoplastic and non-neoplastic origin such as encephalitis
and brain infarction.

Calcifications were seen in 15% of the astrocytomas and 75% of the
oligodendrogliomas (Table 2).

In more malignant gliomas and in glioblastomas, increasing and patho-
logical vascularity was observed with blood-brain-barrier dysfunctions
and regressive changes. CT-findings showed iso- or hyperdense areas

of solid tumor tissue with positive contrast enhancement and hypodense
zones of necrotic tissue and perifocal edema. After enhancement vital
tumor parts may appear as ring-shaped (48,1%), irregular (30,2%) or
nodular (19,7%) structures. Glioblastomas on the other hand may also
be seen as merely hypodense areas or cysts.

The differential diagnosis of these tumors therefore includes all
benign and malignant tumors of the central nervous system, as well

as non-neoplastic lesions such as abscesses and cerebral infarctions.
In our series diagnostic problems existed in 34 out of 106 cases (27%).

This means that the CT-image of glioblastomas is much less significant
than that of meningiomas. Nevertheless, a ring-shaped tumor in the age
group from 40 - 60 years indicates a "glioblastoma" as the most prob-
able diagnosis. Not because of its unmistakable CT-image, however, but
because of its relatively high incidence in this age group.

The CT-findings of cerebral metastases were variable and offered no
significant information as to the underlying matrix. Single metasta-
ses, which we saw mainly in cases of bronchial, hypernephroid and
GI-tract carcinomas, may be mistaken for primary intracranial tumors
(Fig. 4). This diagnostic problem is not completely eliminated in mul-
tiple lesions, since multilocular growth is also seen in glioblastomas,
meningiomas, lymphomas, abscesses and even encephalomyelitis.

The diagnostic reliability of CT images of less frequent kinds of
brain tumors according to the literature and our own findings was 50%.

In the beginning of the CT-era ELKE and co-workers had the impression
that every brain tumor may be mistaken for every other brain tumor.
This statement seems to be valid even today. However, experience has
taught us to differentiate between the various kinds of brain tumors.
Together with the patient's history and the clinical information, CT
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enables us to establish the diagnosis of many brain tumors with suf-
ficient reliability, so that therapeutic decisions can be made. CT-
findings still do not provide the conclusiveness of histological ex-
aminations. In cases, where a histological diagnosis is necessary,

a - stereotaxic - biopsy should therefore be made.

Fig. 1 (above left). Lipoma corpus callosum (CT 169/79)
Fig. 2 (above right). Malignant meningioma (CT 3548/78)

Fig. 3 (below left). Astrocytoma, not a metastasis with perifocal edema
(CT 3671/79)

Fig. 4 (below right). Solitary metastasis of breast cancer, not a menin-
gioma of the falx (CT 3824/79)
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Metrizamide CT for Diagnosis of Intracranial Cystic Lesions
H. ARNOLD and D. KUHNE

For the recognition of cystic intracranial abnormalities, CT has
made it possible to avoid invasive procedures such as pneumoence-
phalography, ventriculography and angiography. Moreover it provides
more precise information than the invasive methods regarding ana-
tomical relationships of those lesions. Whenever necessary, CSF en-
hancement by intrathecal metrizamide can be performed in order to
narrow the differential diagnostic possibilities and to complete in-
formation needed for pretreatment and preoperative planning.

During the period from 1976 to 1981 more than 40 cystic intracranial
lesions were recognized by CT scan, in 18 of which metrizamide en-
hancement has been thought to be of diagnostic use.

Normally, large temporal arachnoidal cysts can be diagnosed by CT
scan due to the typical intracranial alterations caused by them:
enlargement of the temporal fossa, sharp boundary against the sur-
rounding brain, shift of the midline structures. Occasionally the
cyst is less pronounced, and shifting of the midline structures to
the opposite side is not seen though some bulging of the temporal
bone can be observed. In those cases, free communication of the cys-
tic formation with the normal subarachnoid space is to be supposed,
the proof of which can be provided by metrizamide CT cisternography
(Fig. 1) . Most of supratentorial midline cysts can be recognized as
communicating or noncommunicating formations from their site, shape,
and effect on the surrounding structures and the ventricular system.
Generally, additional investigations are superfluous. Metrizamide CT
is helpful, if the question whether the cystic lesion communicates
with the ventricular system cannot be answered by normal CT scan. In
case 2, a communication between the frontomedial cystic lesion and
the ventricular system was proved by very discrete ventricular CSF
and equal cyst fluid enhancement that was not visible on the photo-
graphs but recognizable by measuring the CT units. Paracollicular
cysts produce typical alterations almost always excluding doubts in
diagnosis.

Only rarely difficulties will arise in deciding if there exists an
enlarged chiasmatic cistern or an intracisternal cystic lesion not
visible in normal CT scan. CSF contrast enhancement allows one to
visualize intracisternal cysts. In case 3 (Fig. 2) an explanation

for amenorrhoea was searched for, and a suprasellar cyst was detected.
In contrast, in case 4 (Fig. 3) CT cisternography did not contribute
to the diagnosis of a large supra- and retrosellar cyst.

Dandy-Walker malformation exhibits typical pathological features on
CT scan. The abnormally high position of the torcular Herophili and
lateral sinuses, absence of the cerebellar vermis, wide separation
of the cerebellar hemispheres, dilatation of the ventricular system,
and a large infratentorial midline cyst permit one to make the diag-
nosis. An additional procedure is not required. Extra-axial posterior
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fossa cysts may mimic Dandy-Walker malformations, but by means of CT
scan one can readily differentiate them from each other. The fourth
ventricle can be identified. It is mostly pushed forward or shifted
laterally.

By chance, the question may be raised, whether a connection between
an arachnoidal cyst and a cistern or ventricle brought about by oper-
ation continues to be patent. CSF contrast enhancement makes it pos-
sible to prove patency by means of CT scan (Fig. 4).

Metrizamide enhancement may be helpful in recognizing the limits of
the cysts in relation to the cisterns and to identify the fourth
ventricle. Generally, however, CSF enhancement will be dispensable
since the shape of the lesion and the shifting of the surrounding
structures is evidence of the cystic nature of the space-occupying
lesion. At a first glance, a large cisterna magna can sometimes be
mistaken for either of the two entities mentioned above. It is a
variant, however, that is thought to be normal in infants or young
children and can be readily differentiated from a Dandy-Walker mal-
formation and :extra-axial infratentorial cysts. CT demonstrates a
large or giant cisterna magna presenting with a normal fourth ven-
tricle and a ventricular system which is not dilated.

Metrizamide CT cisternography can provide additional information
concerning cystic intracranial lesions. A skilful analysis of the
CT scan, however, renders metrizamide application dispensible in
most instances. Critical re-evaluation of 18 cases which were given
metrizamide for CSF enhancement revealed, that additional informa-
tion useful for planning therapeutic procedures was gathered in only
5 cases.
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Fig. 1. Left temporal cyst without shifting of the midline structures.
Slight bulging of the temporal bone. Metrizamide enters the cyst
proving free communication to the basal cisterns
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Fig. 2. Small suprasellar cyst not visible in normal CT scan. After
metrizamide application a suprasellar sparing turns out proving the
presence of a cyst
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Fig. 3. A large supra- and retrosellar cyst presents in normal CT
scan. CSF contrast enhancement provides little additional information
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Fig. 4. A ventriculostomy was performed from the extensive fronto-
temporal cyst. 6 months later, CT cisternography (inferior range)
proves patency of the ventriculostomy
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The Effect of Computed Tomography on Diagnosis, Operative
Techniques and Prognosis of Tumors of the Middle Cranial Fossa
(Petrous Apex)

J. MENZEL and U. SCHMIDT-GAYK

Tumors of the base of the middle cranial fossa are problematical
both from a diagnostic and a therapeutic point of view. In the ana-
lysis of the clinical symptomatology, we see that this results from
the relationship of the tumor to the cranial nerves in the cavern-
ous sinus and the trigeminal nerve on the one hand and the auditory
and balance apparatus on the other hand (Figs. 1, 2). Accordingly,

we find complete and incomplete cavernous sinus-syndromes, trigemi-
nal neuralgias and disturbances of hearing and balance. In diagnosing
the nature of the condition, one must reckon primarily with primary
cholesteatomas, meningiomas and metastases (Table 1).

Since the introduction of computed tomography, we have had a total

of 12 cases with tumors of the middle base of the skull. They are
diagnosed by plain X-rays, angiography, cisternography and computed
tomography. It is to be observed that the computed tomography of the
brain differs in some points from that of the base of the skull. The
wide application of this technique in investigations of the brain is
known to be based on the fact that symmetrical structures are involved
which only display slight differences in density (1, 4). Density dif-
ferences of 0.5 - 1% are already detected when the lesion displays a
sufficient mass (3, 6). Finally, the diagnostic accuracy is raised by
the effect of the pathological process on the cerebrospinal fluid
spaces, the concomitant edema and by its own density (2).

On the other hand, the structures of the base of the skull are hetero-
genous. The density values within the same layer vary substantially,
since spaces filled with air, fat, musculature and bone are regis-
tered. If one uses narrow windows which display low density differ-
ences, these structures cannot be visualized on one diagram. With
application of wide windows, the pictures become blurred and slight
differences in density are not detected. Moreover, outside the brain
the tumor is visualized merely via its vessel pool and possibly via
the distribution of the contrast medium into the extracellular space.

Table 1. Differential diagnosis of petrous apex lesions (according
to the References)

1. Primary cholesteatoma 8. Carotid aneurysm

2. Cartilaginous tumor 9. Giant cell tumor

3. Schwannoma 10. Large air cell

4, Meningioma 11. Cholesterol granuloma
5. Petrositis 12. Histiocytosis

6. Glomus jugulare tumor 13. Lymphoma

7. Metastatic tumor 14. Mucocele
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With regard to the recording technique, it can be stated that the
base of the middle cranial fossa can be best visualized with the
orbito-meatal line -15° (7).

Our series reports on 12 tumors of the middle cranial fossa floor:

6 primary cholesteatomas, 1 neurinoma, 4 meningiomas and 1 aneurysm
of the internal carotid artery (Table 2). In the analysis of the
diagnostic value of the individual diagnostic techniques in epi-
dermoid, a destruction of the pyramidal tip was found in four cases
(Table 3). Angiographic criteria for space occupation existed in two
cases, and the tumor was visualized by computed tomography in five
cases. In a 30-year-old female patient with typical trigeminal neu-
ralgia, the computer tomogram was normal. The pyramid comparison in
conventional tomography also did not reveal any pathological finding,
just like the angiography. Only the Pantopaque cisternogram showed a
recess at the pyramidal tip. Intraoperatively, an epidermoid of 2 cm
diameter reaching up to the trigeminal impression was found. This
had to be radically extirpated. In another case, a 19-year-old female
patient suffered from a typical dextrolateral trigeminal neuralgia.
Various computed tomography investigations had first of all revealed
no pathological findings.

Plain X-rays and angiography were normal. Only the repetition of
computed tomography showed the epidermoid located at the pyramidal
tip up to the trigeminal impression: this could be radically ex-
tirpated.

Four cases involved meningiomas of the middle cranial fossa floor
(Table 4). All tumors were detected by computed tomography. Angio-
graphically, the tumor was demonstrated in one case by the appreci-
able displacement of the internal carotid artery. The size of the
tumors varied between 2 and 4 cm in diameter. The largest meningioma
with a diameter of 4 cm derived from the dura of the anterior pyra-
midal surface. Radical extirpation was performed via the temporal
intradural and transtentorial route. Another case involved a typical
trigeminal neuralgia which had already been treated several times
with thermocoagulations. Plain X-rays and angiography did not reveal
any special features. Only computed tomography showed a meningioma
located at the trigeminal impression. This could be extirpated from
the posterior fossa. The neurinoma of the middle cranial fossa and
the aneurysm of the internal carotid artery were detected with every
diagnostic technique employed (Table 5).

Table 2. Differential diagnosis of petrous apex lesions (according
to the own cases, n = 12)

1. Primary cholesteatomata
2. Neurinoma

3. Meningioma

- BN = o

4, Carotid aneurysm

Table 3. Diagnostic evidence in primary cholesteatomata (n = 6)

1. Conventional tomography 4 +
2. Angiography 2 +
3. Computerized tomography 5 +
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Table 4. Diagnostic evidence in meningiomas (n = 4)

1. Conventional tomography 2 +
2. Angiography 1+
3. Computerized tomography 4 +

Table 5. Diagnostic evidence in neurinoma and carotid aneurysm

1. Neurinoma Conventional tomography +
Angiography +
Computerized tomography +

2. Carotid aneurysm Conventional tomography +
Angiography +
Computerized tomography +

The pyramidal tip can be approached by three routes (Fig. 3). The
temporal extradural or intradural access will be used when the tumor
has affected the base of the middle cranial fossa, the anterior py-
ramidal surface and the pyramidal tip. With localisation at the py-
ramidal tip and spreading to the posterior surface of the pyramid,
one proceeds suboccipitally. The transcochlear route must be prac-
tised by ENT (ear-nose-throat) surgeons (5).

Summary

1. Of 12 tumors of the middle cranial fossa floor (petrous apex) an epi-
dermoid of the pyramidal tip which was 2 cm in diameter was not
detected by computed tomography

2. The small meningiomas of the pyramidal tip which are otherwise dif-
ficult to diagnose were all shown up by computed tomography

3. Computed tomography has proved to a very important criterion con-
cerning the question of the operability of a tumor and the approach
to be chosen

4. Computed tomography enables the radicality of the surgical proce-
dure to be assessed objectively

5. The costs and radiation exposure from computed tomography are less
than in conventional tomography.
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Fig. 1. Schematic representation of the structures of the base of
the middle cranial fossa (from above)
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Fig. 2. Schematic representation of the structures of the base of
the middle cranial fossa (from below)

Fig. 3. Schematic representation of the different approaches to the

pyramidal apex. Upper great arrow: temporal approach; middle great

arrow: transcochlear approach; lower great arrow: suboccipital
approach
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Spontaneous Brain Stem Lesions. CT-Findings and Clinical Data
in Respect to Morbidity

R. SCHONMAYR, A. LAUN, A. L. AGNoLl, and O. BUsSE

Introduction

The differential diagnosis of vascular brainstem lesions - especially
haemorrhages and infarctions - has been made possible through com-
puterized tomography. The visualization of the lesion may be diffi-
cult because of artefacts in the lower brain stem sections or because
its size falls below the scope of the CT-scan.

In cases which show a haemorrhage or a brain stem infarction in CT,
a direct correlation between the CT detectable density changes and
the actual tissue damage need not be necessarily present.

In acute supratentorial infarctions it is often not possible to dif-
ferentiate between the area of actual tissue damage and the sur-
rounding edema. Only the permanent defect, demonstrable in repeated
examinations, will reflect the extent of the actual lesion. On the
other hand our serial examinations in brainstem infarctions showed
that in these cases no appreciable change in the size of the lesion
occurs.

The extent of an acute haemorrhage is clearly recognizable in the CT.
In serial CT examinations a transition from an initially increased
density zone to an isodense area can be seen. This however does not
indicate the resorption of the haematoma. This was shown by post mor-
tem examinations in patients who died at the time, when the damaged
area was isodense. The change in density most likely depends on the
chemical alterations of the haematoma (1, 4).

Lesions at the borderline of the resolution power of the scan can in
some cases be identified with the support of soft-ware programs such
as enlargement, density measurements, histograms, high-light-program
or digital printing.

Oout of 16 patients with spontaneous brain stem haemorrhages demonstra-
ted in CT, 13 died (Table 1). In these cases extensive haemorrhage

was present (Fig. 1). The haematoma for the most part extended in a
longitudinal direction from pons to midbrain, and in at least one
section occupied the greater part of the brain stem diameter. In 8
patients an additional perforation of the haematoma into the 4th ven-
tricle and in 1 case into the 3rd ventricle was present.

With the exception of 2 patients all those, who died, were admitted
in a deep comatous state. 3 patients had bulbar syndromes, the others
were in decerebrate condition when admitted.

A good correlation between the location of the haematoma in the CT-
scan and the neurological deficit was found only in patients with
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Table 1. Etiology of vascular brain stem lesions and mortality

Haemorrhage Infarction
Etiology Total No. Deaths Etiology Total No. Deaths

of cases of cases
Hypertension 9 8 Basilar or
A-V- bilateral

. vertebral

malformation 3 occlusion 6
Coagulopathy 2 - Others 8
Unknown 2 2

16 13 14 7

small haemorrhages as in the case of the 3 surviving patients. One
patient suffered from a circumscribed small haemorrhage in the region
of the lamina quadrigemina which led to a paralysis of vertical
ocular movements (Fig. 2). The second suffered from a haemorrhage
located in the ventral section of the midbrain. He also showed a pa-
ralysis of vertical eye movements, with additional weakness of con-
vergent gaze, gait disturbances and head and arm tremor. These symp-
toms remained persistent on repeated examinations. The third, a haemo-
philic child, after a minor head injury suffered from a small haemor-
rhage within the lateral part of the lamina quadrigemina and had no
neurological deficits.

In comparison to haemorrhages, the brain stem infarctions are more dif-
ficult to demonstrate, especially when very small lesions are delt
with, or when the lower parts of the brainstem are involved such as

in the relatively frequent WALLENBERG syndrome.

The presence of infarction is therefore not excluded by negative CT-
findings. In larger infarctions - as in basilar artery occlusion -

the hypodensity can affect the entire brain stem section. In this case,
just as in large haemorrhages, a differentiated topic correlation is
impossible. In some cases the CT may be normal (Table 2). If, however,
CT-findings are positive, in minor infarctions a close topic correla-
tion to the neurological deficit can be seen (2, 3).

For example: in a patient a left paramedian pontine infarction with
slight extension to the right side was found on CT examination (Fig. 3).
Upon admission the patient was drowsy, showed dysarthria, a supranu-
clear paralysis of tongue and swallow-reflex, a paresis of horizontal
ocular movements to the left, a rightsided sensomotor hemiparesis,
leftsided hemiataxia and bilateral BABINSKI responses.

All positive CT-findings are backed up by repeated control examina-
tions. Standardized investigations however were not possible, because
the patients were admitted for treatment at widely varying times after
the infarction.

Table 2. Visualization of brain stem infarctions in CT

Haemorrhage Infarction
Positive 16 14
Uncertain - 13
Negative ? 29
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Conclusion

In regard to brain stem haemorrhages the extent of the haematoma as
seen in CT is the decisive factor for the prognosis. In no case of
spontaneous haemorrhages were we able to detect an occlusion of the
perimesencephalic cisterns which is in sharp contrast to brainstem
haemorrhages secondary to supratentorial lesions (5).

No abnormalities in CT were found in some brainstem infarctions, even
in patients with severe neurological deficit due to angiographically
confirmed basilar artery occlusion. Patients with negative CT-findings
showed a lower mortality rate than patients with positive CT-findings
(Table 3), even if we take into account that the group with negative
CT-includes in addition to patients with basilar artery occlusion
patients with the WALLENBERG syndrome.

In spite of the small number of cases, it seems that in patients with
brain stem infarction and comparable neurological deficits as positive
CT suggests a more adverse prognosis as far as mortality and morbidi-
ty are concerned.

Table 3. Visualization of brain stem infarctions in CT and mortality

No. of cases Deaths
Recognizable in CT 14 8
Unascertainable or
negative CT 42 4
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Fig. 1. Four cases of massive brain stem haemorrhage

Fig. 2. Circumscribed brainstem haemorrhage (anticoagulant therapy).
Paralysis of vertical ocular movements, no other neurological defi-
cits
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Fig. 3. Left paramedian pontine infarction
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CT Localization and Operative Approaches in Posterior Fossa Lesions
J. GILSBACH, H. R. EGGERT, CH. OSTERTAG, and W. SEEGER

Introduction

With the help of the computed tomography more than 90% of the tumors
and av-malformations of the posterior fossa can be positively shown.
With the first generation computers only the geometrical position of
the tumor could be determined in relation to the bony structures.
With the most modern scanners which have a thin section and recon-
struction possibilities, the relationship to each cerebellar lobe and
brain stem structures can be recognized.

By the knowledge of the precise position of the tumor and its rela-
tionship to neighbouring structures, large openings, punctures, and
splitting procedures because of diagnostic uncertainties, are a thing
of the past. In the following paper we discuss the approaches which
we have used in the last three years routinely in lesions of the pos-
terior fossa which were detected by the computed tomography.

Principles

We operate in the sitting position using the Doppler sonographic
aeroembolism check, use only longitudinal skin incisions, split the
muscles longitudinally, trepan osteoplastically whenever possible,
remove not routinely the posterior rim of the foramen magnum and the
arch of C1, use external drainage only exXceptionally, and prefer the
preoperative shunt. At the beginning of the operation we open the
dura as short as possible, centered over the tumor, we do not resect
the cerebellum and try to reduce first the tumors, also the gliomas,
internally, then advance to the boundary. With the above mentioned
measures, disorders in the healing process, C.S.F. leaks from the
wound, subcutaneous CSF collection, unsightly osteoclastic defects
with slipped masses of muscle, and unnecessary cerebellar lesions
become rare. As always, infections and hemorrhage into the tumor

bed cause problems.

Lateral Suboccipital Trepanation (Fig. 1)

Lesions in the cerebellopontine angle, which amount to a surprising-
ly great number, we operate on a lateral suboccipital osteoplastic
approach which has last been improved by YASARGIL. Besides the clas-
sic extracerebellar tumors we have also operated upon tumors of the
lateral aspect of pons and lobulus biventer.
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Unilateral Suboccipital Trepanation (Fig. 2)

We prefer the unilateral exposure after a paramedian longitudinal
incisien if a tumor is located mainly in the area of the lobulus
biventer or the lobuli semilunares, even if it extends to the fourth
ventricle, the cerebellopontine angle or to the lobulus quadrangu-
laris.

With the lesions in the anterior aspect of the lobulus quadrangu-
laris or unilaterally in the region of the quadrigeminal plate, we
widen the trepanation supratentorially in order to enlarge the ap-
proach by lifting the tentorium.

Median Suboccipital Trepanation (Fig. 3)

From an osteoplastic median approach we operate on processes in the
region of the vermis, the hemispheres, in the fourth ventricle and
the dorsal brain stem. The foramen magnum and the arch of C1 are only
resected in cases of a basal extension of the tumor.

Lesions near the midline of the quadrigeminal region or if the

culmen is to be handled, we trepan over the transverse sinus in
order to gain a better view by lifting the tentorium.

Basal Trepanation (Figs. 2, 4)

If we want to reach the medial part of the cerebellomedullary system
we widen the foramen magnum osteoclastically and resect the arch of
C1, while for unilateral procedures in the paramedullar region an
unilateral enlargement of the foramen magnum and a one-sided resection
of the arch of C1 are sufficient. For manipulations far ventrally in
the paramedullar space, an additional resection of medial parts of

the condylus atlantis and occipitalis up to the tuberculum jugulare

is useful.

Conclusions

The conclusions we draw from five years experience with computed tomo-
graphy and posterior fossa lesions are:

1. The applied trepanations of the posterior fossa are not new, but
the preoperative knowledge of the tumor localization facilitates
‘the choice of the approach and saves an unnecessarily wide resec-
tion of the bone.

2. The procedures in the region of cisterns and in the fourth ventricle
have become more simple, sure, and specific because of the exact
preoperative knowledge about size, location, and neighbouring struc-
tures, in addition to the fact that we are informed preoperatively
about intra- or extracerebellar tumor.

3. The way through the substance in intracerebellar lesions has be-
come more protective, differentiated, and functional.

4. Unnecessary attacks on primarily inoperable, diffuse brain stem
tumors are avoidable.
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Fig. 1. Lateral approach
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Fig. 3. Medial approach (n = 47)
Suboccipital hemisphere/vermis
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tentorium

Fig. 4. Basal approach
Cerebellomedullary cistern
Medial 1
Lateral 1
Local complications
Hematoma: Tumor bed
Epidural
Subdural (frontal)
Intracerebral (frontal)
Meningitis
CSF leak (+eustachian tube)

56

1

A== aawO

(6)
(0)
(o)
(1)
(4)
(0)

44

2
1



Operative Approaches to the Rostral Brain Stem According to the
CTFindings
H. R. EGGERT, J. GILsBACH, and W. SEEGER

Introduction

Computed tomography has, in recent years, considerably broadened our
knowledge of the localisation and extension of intracranial processes.
This has come from more and more refined resolutions in every plane.
Surgical procedures are more easily planned because of this. Thereby,
better adapted approaches can be used including lesions of the

medial skull base.

Approaches

YASARGIL's (6, 12, 13) pterional approach (Fig. 1) to aneurysms of
the circle of Willis provides an survey of the planum sphenoidale,
both optic nerves, and the optic chiasma, the hypophysial stalk, and
the diaphragma with both posterior clinoid processes, and the ante-
rior parts of both tentorial edges. With the exception of the lateral
side of the contralateral carotid artery with the posterior communi-
cating and anterior choroidal artery almost all of the circle can be
seen. The prerequisite for this view is the trepanation up to the
frontal and temporal base and up to at least the lateral margin of
the superior orbital fissure and the broad opening of the arachnoid
of the Sylvian fissure, from the internal carotid up to the bifurca-
tion of the middle cerebral artery. This method prevents tension at
the temporal lobe. The opening of the lateral fissure should be ac-
companied by a careful exposure of the superficial Sylvian veins,
which can often, but not always, be coagulated without complications.
The typical pterional approach with its wide opening of the Sylvian
fissure, allows in principle three ways to the prepontine space: Be-
hind the internal carotid artery and under the posterior communica-
ting artery, between the carotid artery and the optic nerve, and be-
tween both optic nerves. The way one has to choose depends on the
topographical relationships in each case and can lastly be decided
only after the opening of the dura because neither computerized tomo-
graphy nor angiography provide satisfactory information.

The typical pterional approach allows only an oblique view between
both nerves. If, mainly with suprasellar lesions, based on the
computed tomography, an approach through both optic nerves must be
assumed, we widen the frontal part of the trepanation up to the middle
of the orbita.

Thereby the chiasm can be seen from a smaller angle. The opening

of the sinus which is often inevitable, makes a plastic cover neces-
sary. Nevertheless, as we observed in one case, rhinorrhoea with
fatal meningitis can be the result.
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If the computed tomography shows a dominant expansion of the process
in the area of the tentorial edge, we widen the trepanation in the
temporal direction. After separating the uncus from the carotid ar-
tery and the third nerve, the tentorium fold can be viewed up to the
peduncle if the uncus is slightly retracted laterally. Preserving
the Sylvian veins is, however, often not possible.

Lesions in the area of the free tentorium margin (Fig. 2), of the
upper clivus up to the origin of anterior inferior cerebellar artery,
the peduncle and the lower parts of the interpeduncular cistern can
be shown by a subtemporal approach according to DRAKE's description
for basilar aneurysms (1). This approach between the basal aspect of
the temporal lobe and the petrous bone is considerably obstructed by
the veins belonging to the vein of Labbé and the superior petrosal
sinus.

Because the coagulation of these vessels can lead to swelling and in-
farction of the temporal lobe, as we observed in four cases, we only
use this approach if the lesions cannot be reached by a pterional
approach, if they are localized either laterally in the peduncle area
or in the posterior fossa, so that the tentorium must be split paral-
lel to the petrous bone. With the enlargement towards the temporo-
polar region, the subtemporal approach permits an survey of the in-
ternal carotid and the lateral parts of the optic chiasm, the optic
tract, and the suprasellar space.

Especially with the help of coronal and sagittal projections, we can
differentiate with the help of computed tomography in most cases be-
tween lesions which originate from the base and implicate the hypo-
thalamus and the third ventricle from below and between lesions

which originate primarily in the third ventricle. In these latter pro-
cesses we use an interhemispheric approach (Fig. 3) (4, 8), whereas

we seldom use a transfrontal way (5, 7, 11). Thereby the brain, de-
pendent on the bridging veins is retracted up to 15 mm from the falx.
The exposure of the longitudinal fissure up to the corpus callosum re-
quires exact knowledge of the variations of the venous (anterior)
system. The opening of the corpus callosum amounts to 1 - 2 sqg.cm.

Depending on the width of the foramen of Monro, the floor of the
third ventricle can be surveyed from the recussus infundibuli up to
the corpora mamillaria. With the opening of the floor we can see the
region from the diaphragma to the interpeduncular cistern. Parts of
the roof of the third ventricle directly in front of and behind the
foramen of Monro, cannot be overlooked exactly.

Conclusion

Altogether there are only three different operative approaches with
modifications - adapted to each individual case - which we, in the
last five years (Table 1), have found to be satisfactory for the
treatment of space-occupying and vascular lesions in the area of

the rostral brain stem. All three approaches utilize the natural
brain clefts. (In all a small reclination of the brain is sufficient).
In all the veins are a fundamental problem.
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Fig. 1. Survey at the pterional trepanation with frontal and temporal
enlargement
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Fig. 2. View at the subtemporal approach with enlargement of the
trepanation towards the temporopolar region
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Fig. 3. View at the interhemispherical approach through the foramen
of Monro
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On the Extended Indication for Operation of Deep Seated
Brain Tumors

W. ENTZIAN

Deep-seated and large tumors in the cerebral hemispheres (GREENWOOD,
1973) or tumors of the brain stem (LASSITER, 1971) have always pre-
sented problems as far as indications for excision are concerned. It
seems worthwhile, therefore, to discuss the role of cerebral computer
tomography (CT), since this diagnostic tool has, in our experience,
been very instrumental in several instances in influencing the selec-
tion of the operative approach.

The successful excision of deep-seated and large tumors presumes (1)
benignity (2) sufficient demarcation from normal brain tissue, and
(3) exactly known, approachable localization. These concepts need to
be defined: By deep-seated and large is meant, that the lateral
boundaries of a tumor of the cerebral hemisphere is touching the
cortex or the subcortex whereas the medial border approaches the mid-
line beneath the falx as seen by computer tomography. Additionally,
from a variety of relatively small tumors of the brain stem, two cases
of intrapontomesencephalic spongioblastomas will be presented here.
"Benignity" indicates primarily spongioblastomas, benign mixed glio-
mas and ventricular meningiomas. The meaning of "sufficient demarca-
tion" and "approachable localization" will be discussed as the X-ray
findings and postoperative results are demonstrated.

Results
A general survey of our diagnostic as well as our operative experience
in children and adults of the last years is given in Table 1. It is

the purpose of this paper to discuss these problems, and this will be
done by demonstrating some typical cases.

Case 6 (File no. 106/78, 14 years, g)

History. Slightly diminished performance in high-school, writing dis-
ability and strange walking movements of 6 months duration.

Findings. Right-handed, mild hemiparesis and slightly impaired co-
ordination on the right side.

The carotid angiogram (Fig. 1 above) shows the signs of a large hemi-
spheric tumor sparsely vascularized, CT (Fig. 1 below) confirms the
large tumor and shows good demarcation of the solid and cystic por-
tions. After the operation the girl presented with (a) a complete ho-
monymous hemianopsia, that vanished within weeks, (b) a hemiparalysis
of the right extremities, that regressed to the preoperative stage,
(c) a global aphasia, that became regressive to where she was able

to continue her English and French studies with moderate results in
high school at a level two years below her age and finally (d) an in-
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tention dyskinesia of athetotic character of her right hand, there-
after she learned to write with her left hand.

Discussion of the Case. Angiography revealed a very large space-oc-
cupying lesion. The decision to operate was difficult to make since
the tumor was of unknown type in the dominant hemisphere and in a
girl with little neurological deficit. CT, however, supported the
indication for operation because of sharp demarcation of cystic and
solid tumor portions indicative of a spongioblastoma or an astrocy-
toma grade I. The late clinical result is to be considered as rela-
tively good and justifies the dangerous procedure. Still the case un-
derlines the problem of sparing the (phasic etc.) centers of the an-
gular gyrus region by chosing an adequate approach through silent
cortical areas.

Case 5 (File no. 837/80, 36 years, g)

History. Tingling sensation in her face of two years duration and
double vision of 5 months duration.

Findings. Hypesthesia of the right cheek, CN-VI-paresis on the right
side, slight incoordination in heel-knee-test, and early papilloedema.
Angiography of the left carotid artery demonstrated an elevation of
the middle cerebral artery, a shift of the anterior cerebral artery
and a typical vascularization pattern of an intraventricular menin-
gioma. CT, in addition demonstrated hydrocephalus. Postoperatively
the patient presented with a severe aphasia of several weeks duration,
but she started full work again as a secretary 6 months after the
operation without any neurological deficits.

Discussion of the Case. CT showed partial enlargement of the temporal
horn (Fig. 2). Instead of penetrating the cortex at a point where the
tumor was nearest to the surface, which here was in the area of the
angular gyrus, it was decided to approach the tumor anteriorly through
the partially enlarged temporal horn, which was outlined in the com-
puter tomogram. This specific information contributed to the good out-
come.

Case 3 (File no. 65/81, 12 years, $)

History. Generalized seizures of 7 years duration, headaches 10 days
prior to admission.

Findings. Left handed, papilloedema, spastic hemiparesis of the left
extremities.

Angiography shows signs of a large mass in the right hemisphere, which
is partially vascularized. CT revealed solid and cystic tumor portions
which are well demarcated. The ventral tumor pole is located near the
foramen of Monro, and the dorsal tumor pole in the occipital horn,
which is still partially open. Complete tumor resection was done
through an occipital, horizontal and very basal cortical incision

two centimeters from the midline and 1-2 cm superior to the trans-
verse sinus. Postoperatively, the girl presented with a complete homo-
nymous hemianopsia to the left side probably as a result of damage to
the right occipital artery which was surrounded by tumor tissue. There
were no other remarkable deficits of her dominant hemisphere.

65



*Juod *sax °3o039qns + *ussaul-Tp ‘°Tqgotbuods ) oL 91
* JuoD *yos ‘woTd saeak ¢ *ousssu-ojuod ‘°Tqotbuods & 8 Sl
sobels om3 HbuoTe ‘saounly wajsuread
*Juod TooyosybTH saealk p *I3jusA pPIE TTeM ‘°TqoTbuods F [ vl
uoT3sand Tooyos ‘waTd syjuow 9 *TeyzodiAy ‘- 1qotbuods L 6 €L
Huoam syjuou ¢
rwnaud °puooss + OIUOW JFO usweIo ‘*TqOoTTINPONW o € zZL
ATuo TeaeT @uo ul ‘sryown} wajsuTeld
* Juod *OoTpuURY *POW syjuou ¢ *huTuUsSW °*IJUSDA o 9% LL
buoam do9m | °"3jeoaejul + *ubTTRW ‘*OBTTO o Ty oL
*Fuod *oTpuey ATaI949S syjuou g ‘utTep ‘°obTTO £ LY 6
buoapm *oTpuRy AT219A8S syjuouw gl *IJTTIUT ‘°OBTTO $» OF 8
*Juod J}IOM *3DI09S syjuow 9 *huTUSW °*IJUSA 5 9¢ L
* JuU0d *yosybTH sIea2k ¢ *Tqotbuods & 7l 9
®Fuod - adskp
‘e1sdourTwWoH syjuow ¢ *Tqotbhuods & 6 [
* Juod *yosybTH saealk ¥ *TqoTbuods o 8 |2
puoam s)99M Q| °pTOoSY¥ + *OTTH poxTw °*TeW O 8 €
* Juod ST3uURW UTRIq
Jo sdetTo® + *OTITH poxTw ubtusg O G 4
* Juod TooyosybTH saealk [ *OTTHh poxTuw ubTtuSg Kol l

sxoydsTwey [eidexsd e JO saouml obiel pue pesiess dead

sTsoubeTp-1D
ubtuaq saT3RIdOSId

dn-moTT104

KboTO3sSTH

sjusT3ied

sIayjzo
uT oTqeuoTisonb I0 HuOIM Sem I9ASMOY ‘poWIATIUOCD ATISOW SeMm Joumy pajess desp ubTuSq ® JO STSoubelp
-10 oaTaexadosad ayz ‘ATSATINOSSUOD paarasqo ‘sjusrtied ¢g puowry *ID pue sIxoum3 pajesas-desg | oTdel



uoT3lsangd *pPIO9I sIeelk ¥ + *IT1®2gax90~-suod ‘°Tqotbuods S zZL €2
uoT3sand *oTpuery AToxsAa3S saealk § *ydsTwey 3397

-¢ "oussauw ‘ewo3A00I3SY L 6 2z

uoTt3sony KsdoTq syjuow g + *beuw °103-°ousTq ‘°TqoTbuods 5 6 (%4

uoT3lsond *oTpuey ‘Asdotg saeslk y *pIOd ‘Axsd-suod ~.“_”Qo._”.maomw o S oz
uoT3lsenyd °OX® "3qns SHOOM g + *bewr *103-°dOUDTq

! *TgoTbuods-*puadg 5 € 6l

osxsuydsTway ® .HUHﬁwcﬂ.Mo sebels S9aIYy3 buoTe ‘siowny wejzsurexg

*JuoD pueis o3 SIqv sxealk p *ousssuw-ojuod ‘°Tqorbuodsg ) [ 8l

uor3ysand *yosybTH saesX 6 °PIOO *AISDO-"Tqo °*pow ‘°*Tqorbhuods L Ol Ll

67



Discussion of the Case. The topography of the occipital horn and the
posterior pole of the tumor, as identified in CT, offered an occipi-
tal approach, which could not be gleaned from the angiography. The

pathway was short to the posterior tumor portions, however, long to
the anterior tumor portions. Nevertheless, disturbances of the typi-
cal dominant hemispheric centers could be almost completely avoided.

Case 15 (File no. 1311/78, 8 years, g)

Findings. CN VI-paresis left more than right, CN VII-paresis right,
Parinaud-syndrome, spastic hemiparesis of the right extremities, but
an acceptable gait (Fig. 3). CT revealed a solid tumor portion in
the pons-region, and a cystic portion in the mesencephalon. Pneumence-
phalogram showed an irregular contour of the elevated floor of the
4th ventricle. A posterior fossa craniotomy and aspiration of the
cystic contents was planned. On exploring the floor of the 4th ven-
tricle it was found to be elevated laterally off the ponto-cerebel-
lar peduncle in a small field of 2-3 mm. After perforating 1 mm into
the normal tissue the smooth outlines of the solid and cystic tumor
became visible and resectable. Five months after the operation there
is still a spastic hemiparesis of the right extremities and a moder-
ate CN VI-paresis on the right side. There are no clinical symptoms
of tumor recurrence after 3 years of follow-up.

Discussion of the Case. CT allowed the diagnosis of the rare variant
of a circumscribed intraponto-mesencephalic spongioblastoma, which
could be differentiated from a glioma with its usual diffuse growth
(or anlage). CT (and pneumencephalography of the 4th ventricle) and
local findings finally encouraged us to undertake this operative
procedure, which is generally not recommended.

Conclusions and Summary

In patients with deep seated tumors of the cerebral hemispheres,
computer tomography supports the indication for an operation, which
otherwise may be doubtful. It may show the probable benign charac-
ter and the clear delineation as presumption of operability. Fur-
thermore, CT may give precise information that helps in chosing an
adequate approach according the topography of the tumor, ventricular
system and brain mantle.

Finally, with the diagnostic aid of computer tomography, the ex-
cision of circumscribed intraponto-mesencephalic spongioblastomas
via the floor of the 4th ventricle has become possible in special
cases.
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Fig. 1 see pp.70/71

Fig. 2. Large spongioblastoma of right dominant hemisphere (case
no. 5). CT suggests approach through occipital horn



Fig. 1. Angiogram demonstrates signs of large tumor of left hemi-
sphere (above), whereas CT reveals signs of benign glioma, suppor-
ting indication for operation see p.71 (case no. 6)
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Fig. 1. Legend see p.70
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Fig. 3. Intraponto-mesencephalic spongioblastoma with solid and
cystic tumor portion (left CT) of case no. 15 and control (right)
6 mo. after radical excision via the floor of the 4th ventricle
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CT in Diagnosis and Treatment of 20 Cases with Brain Abscesses
and Subdural Empyemas

H. KUNGE, U. MUHTAROGLU, and M. RAUTENBERG

With the aid of computer tomography, the development of cerebral ab-
scesses and empyemas can be examined at a very early stage. Further-
more, one can differentiate clearly between the degree of liquefica-
tion and other accompanying reactions, even though it admittedly is
problematic to do so in the case of a persistent oedema and a still
existent encephalitic reaction. The animal experiments of WALLENFANG
et al. made with cats on the development of abscesses is thus in gen-
eral accordance with our observations. Therefore, the time factor
plays a central role when determining the method of neurosurgical
treatment. This is especially important when deciding whether the
encapsulated abscess has to be removed by surgery, due to an already
existent membrane, or whether to puncture, when computer tomography
and clinical findings indicated this treatment to be most beneficial.

Between 1976 and 1980, 14 patients with brain abscess and 6 patients
with subdural empyema were examined by means of computer tomography.
The patients were treated and follow-up studies were made. Therapy
varied, depending on the number and location of the abscesses and
their age. Taking also into account the clinical findings, therapy
consisted of four methods.

Brain Abscess

1. Puncture Alone

Seven patients with cerebral abscesses were only punctured. Neomycin-
Sulfate was instilled and antibiotics were prescribed after testing.
The causative agent could be traced in 5 cases. In the other two
cases high dosage of antibiotics had been used previously.

Case 1 (Fig. 1). A 3-months-old infant with pneumonia was treated
with antibiotics and developed meningo-encephalitis with hemiparesis
and increasing disturbances of consciousness plus apathy. Rapid im-
provement after first puncture. The second one followed two weeks
later still with distinct associated reactions. Up to now there is
normal psycho-motor development with a still identifiable focal EEG-
abnormality.

Case 2 (Fig. 2). An 8-year-old child with maxillary sinusitis devel-
oped headache, vomiting, fever and light somnolence. The aspirate
showed pneumococcus mucosus, the progress of the patient has been
unimpaired for 2 years.

Case 3. A 16-year-old boy with sinusitis frontalis suffered increa-
singly from headache, vomiting, and a slight hemiparesis. The first
aspirate contained diplococcus pneumoniae, the second puncture after
6 weeks was sterile. Since then, the patient is symptom-free.
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2. Puncture and Subsequent Surgery (2 Cases)

Case 4. A 16-year-old boy with a diagnosed vitium cordis, suffered
clinical meningo-encephalitis with headache, vomiting, hemiparesis,
and increasing clouding of consciousness. After antibiotic treat-
ment, the abscess with a diameter of 1 cm was removed by surgery,
after the relatively thick abscess wall had been detected by CT. The
aspirate is now sterile.

Histologically, there is a lining of granulation tissue around the
coarser membrane.

Case 6. After a trivial trauma, a 15-year-old boy developed nausea
and headache. A week later, nuchal rigidity set in, followed by
pneumonia and spreading hemiparesis with high temperature although
antibiotic medication varied. 14 days after the puncture of the
frontal abscess, the causative agent not having been traced, a total
apocatastasis occurred. The parietal abscess, encapsulated in a dis-
tinct membrane was removed surgically.

3. Conmnservative Treatment Only (1 Case)

Case 6. With a 19-year-old patient a subdural hematoma was removed
by surgery at another hospital. After three weeks, a discrete hemi-
paresis developed, antibiotics were prescribed, the causative agent
could not be traced. After a week there was still a minimal impair-
ment of the finer motor-functions, however, the patient was symptom-
free. There was a continual decrease in the abscess' size. After the
last check-up, a year ago, the patient has been symptom- and attack-
free and neurologically without findings. The patient is now able to
work again.

4. Surgery Alone

The removal of the abscess by operation was successful in 4 patients.
In one case, the indication for surgery was based on the faulty as-
sumption of a malignant glioma.

Subdural Empyema

CT proved especially helpful for the diagnosis of two empyemas in the
interhemispheric fissure, for the observation of the development of
an empyema above the convexity, as well as for the determination of
the most beneficial date for surgery. Treatment was performed either
by aspiration or by surgery.

Puncture Alone (2 Cases)

Case 7 (Figs. 3, 4). After purulent sinusitis a 16-year old boy
developed headache, fever and an acute paresis of the right leg,
as well as increasing somnolence. A single puncture of the empyema
in the interhemispheric fissure was undertaken. The patient has
been unimpaired in every sense for the last 2 years.

Case 8. A 17-year-old patient with sinusitis, osteomyelitis and

pyosinus frontalis. Resection of large parts of the os frontalis by
an ENT-surgeon. Two days later, the first cerebral attack occurred.
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An increasing empyema development could be traced by CT. The patient
was aspirated twice (in each case the aspirate was sterile). The pa-
tient has been symptom-free and without neurological deficit for the
last 6 months.

Surgery Alone (4 Cases)

Four patients with subdural empyema over the convexity were operated
upon; the following case under the faulty assumption of subdural
effusion.

Case 9. An 8-months-old infant, who had fallen out of bed 3 months
ago, showed abrasions and an apparently fractured skull left-frontal-
parietal. Antibiotic medication followed. Increasing clumsiness of
the right hand. Surgery on the relatively hard empyema membrane on
the left side was undertaken. On the right side (low density) there
was a subdural effusion without indication of a previous inflammation.
The healing process was normal not only in this case, but also in 2
other cases with subdural empyema as a consequence of sinusitis.

A 42-year-old patient died however, after surgery followed by ence-
phalitis.

It can be assumed, that not only the development of encapsulated ab-
scesses can be prevented, but also that accompanying encephalitic re-
actions can be controlled by means of aspiration of recent brain ab-
scesses and instillation of Neomycin-Sulfate with simultaneous intra-
venous antibiotic medication.

As opposed to all previous possibilities of neuroradiological examina-
tion, atypical localisations of subdural empyema and their development
can also be observed with CT.

Up to now, our results seem to prove that treatment of an empyema with
aspiration only, is justifiable in those cases, where the observation
of the developing empyema by CT does not lead to the assumption that
solid membranes can be expected.

Case 10. A 33-year-old patient with cerebral gas gangrene caused by
falling into a shrub from 2 m above. Treatment of the lacerated
wound in an outpatient clinic. Two days later, the patient developed
headache, swelling, reddening and secretion in the wound area, and
increasing clouding of consciousness. In the first computer-tomogram,
the temporal depressed fracture was identified, as well as gas in the
area of the temporal cranial fossa, and brain oedema. The patient was
transferred to Kiel. Tests of the secretion proved that the causative
agent belonged to the clostridium group.

On admission there was a strongly indurated wound with secretion,
nuchal rigidity, somnolence, and increasing confusion. Hyperbaric
oxygen treatment was applied in the naval-medical institute. The intra-
cerebral gas development receded completely.

There were renewed meningitic symptoms, despite antibiotic treatment.
During surgery bone fragments, a 2 cm long splint and an abscess of
about 1 cm in size were removed.

So, after primary hyperbaric oxygen treatment and subsequent surgery,
the patient not only survived cerebral gas gangrene infection but
could return to his native country after four weeks without neuro-
logical deficits.
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Fig. 2. 8-year-old child, right frontal cerebral abscess, follow-up
study

Fig. 1. 3-months-old infant. Note: Encephalitic reaction 2 weeks
after first aspiration
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Fig. 3. 16-year-old boy with empyema of the interhemispheric fissure
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Fig. 4. Same patient as in Fig. 3 after aspiration
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Diagnosis and Two-Dimensional Localization of Intracranial
Metastases with Computerized Tomography

F. BRANDT, H. C. NAHSER, H.-E. CLAR, and H. M. MEHDORN

Introduction

In comparison with scintigraphy (5) and angiography computerized to-
mography (CT) offers a greater security in diagnosing cerebral meta-
stases. On the other hand difficulties remain in the topographical
determination of minor lesions and the operative approach based on
these informations.

Preferring a localization near the border of the subcortex, brain
metastases cannot be readily recognized by the inspection of the
brain surface. Anti-oedematous therapy is an additional factor for
these difficulties.

Material and Approach

The precise topographical reference of CT findings on the analogous
pictures to the gyral structure involved is impossible. Only the
stereotactic apparatus permits exact three-dimensional localization
(3) . Stereotactic methods for this purpose are limited to specialized
neurosurgical centers. For localization of small brain metastases in
routine clinical use this method is not useful. To minimize the risk
of exstirpation of intracerebral metastases in strategic brain areas
we therefore preceded the operation by CT-guided localization and
scalp marking.

Scans were performed by a Siemens Siretom 2.000-scanner, which has
a 256 x 256 matrix.

After CT-scanning without and with contrast media for diagnostic in-
vestigation, a preoperative scalp marking was done by the neuro-
surgeon if the following criteria were fulfilled:

1. Patient's good physical condition

2. No fatal prognosis of the underlying disease

3. No other systemic metastases
4

. Presence of solitary metastases and situated near to cortical
structures.

Occasionally an indication was accepted if the primary tumour was
unknown.
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Results
Basically two methods of localization were applied.

1. Marking by Meridians. After visualization of the metastasis in
5 mm thick axial CT-sclices with contrast enhancement, the X-ray
path of the slice in question was marked on the shaved scalp
(Figs. la, b). This procedure was repeated in the coronal plane
(Figs. 1c, d). The crossing point indicated the area of cranio-
tomy and the cortical point which was to be incised.

2. Marking by Point. Alternatively a radiopaque material was fixed
on the scalp in the meridian of the detected lesion and the exact
position was controlled by repetition of the axial scan (Fig. 2).

Discussion

To localize metastases in deeper brain structures we applied the
method of visualization in axial and coronal scanning, i.e. marking
by meridians. This procedure gives information about the level of
cut and the resulting angle for incision.

Metastases of the cerebral convexity and close to vertex structures
are better marked by method 2, because only in this way the shortest
approach for removal can be determined.

The suggested method permits a reduction of the operation to straight
exstirpation of the metastasis and diminishes possible damage to the
surrounding brain tissue. By means of angiography and scintigraphy
this was not yet possible. We could at the same time reduce the size
of the craniotomy defect. The described method of localization is
suitable, too for a reduction of operative risks in multiloculated
intracerebral lesions in which biopsy is needed.

Two propositions for simple CT localizations have recently been
described: O'LEARY and LAVYNE (1978) construct a baseline on the
patient's lateral skull film corresponding to identical landmarks

of prominent bony structures found on CT scan. All other sections
obtained by CT examination are parallel to this baseline. The height
of the lesion above the baseline can thus be calculated. The method
of CAIL and MORRIS (1979) uses plain radiographs for localization,
too. HINCK and CLIFTON (1981) use radipaque material in defined
graduated lengths which is fixed extracranially during CT-scanning
to detect the height of the lesion.

Essential for the accuracy of our method of localization are the
following criteria:

1. The position of the patient may not be changed during examination.

2. Coronal scanning must be practicable in regard of constitutional
factors and neurological circumstances for marking by meridians.

3. Any movements resulting from flapping have to be taken into
account.

If these criteria are fulfilled an exact position according to the
orbito-meatal line is not compulsory. For our way of localization a
reference line is not necessary since the marking is only referred
to the lesion itself in CT. Anatomical variants are therefore with-
out importance.
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Fig. la-d. Marking by meridians for localization of a left parietal
metastasis (a,b) and in coronal plane (c,d)
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Fig. 2. Marking by point. The arrow points to the extracranially
fixed radiopaque material
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The Influence of Computerized Tomography on Treatment of
Spontaneous Intracerebral Hematoma

TH. GRUMME, W. LANKSCH, and D. KOLODZIEJCZYK

The conservative and operative treatment of patients with spontaneous
intracerebral hematoma has always caused problems to any neurosurgeon.
The results of operative treatment vary considerably - as can be noted
from a survey of the last thirty years' literature, which is mainly
due to the difference in patients and to the non-uniformity of indi-
cations for operation (Tables 1, 2). In this survey it has been dis-
tinguished as far as possible between typical hypertensive hematoma
involving the basal ganglia and the atypical hematoma, situated in

the white matter or the lobes.

The introduction of computer tomography has considerably improved
diagnosis and treatment of various neurosurgical diseases by en-
abling a more exact indication to be worked out and more precise
planning of surgical methods. With regard to this we have tried to
find out whether the results of operative treatment of spontaneous
intercerebral hematoma have been changed by computer tomography.

From the beginning of 1975 until the end of 1980 74 patients with
spontaneous intracerebral hematoma have been operated on in the
neurosurgical departments of the university Munich (Klinikum GroB-
hadern) and Berlin (Klinikum Charlottenburg). 7 hematomas were situ-
ated infratentorially. For interpretation of results we have co-
ordinated the neurological findings into four stages (Table 3).
Special attention was focussed on the development of the neurologic
situation between the beginning of the disease until the moment of
surgical intervention. We considered computertomographically only
size and position of the hematoma. Displacement of midline struc-
ture has intentionally been disregarded because the degree of midline
shift could not be correlated with the neurological signs.

Out of our 67 patients with supratentorial hematoma 28 died, i.e.
42%. Out of 7 patients with cerebellar hematoma only 2 survived. For
reasons of vital urgency and for lack of undoubted prognostic cri-
teria, 9 patients in stage 4 were operated upon immediately;

all of them died within the first week after operation without
having recovered consciousness (Table 4). Out of 20 patients who
were operated upon because of an imminent and/or an advanced stage
of midbrain compression within 24 hours after the acute event, only
9 survived. 4 out of these 9 patients suffered either from a rela-
tively small temporal basal ganglia hematoma and 4 from frontal he-
matoma. One patient suffered from a most extensive hematoma of basal
ganglia with severe postoperative neurological deficit. Out of this
group, 5 patients recovered without neurological deficit. Out of

30 patients who were operated upon during the acute phase of the
first day, 20 died, i.e. 67%. The mortality among those patients who
were - with the same indication - operated upon only in the second
day was 25%. All but one of the surviving patients of the group who
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Table 3. Classification of the neurological status

Stage 1: Neurologically normal

Stage 2: Alert, but with focal neurological signs (hemiparesis,
dysphasia, hemianopsia)

Stage 3: Unconsciousness, focal neurological signs with pupillary
signs (imminent midbrain compression)

Stage 4: Unconsciousness, rigidity, fixed dilated pupills on one
or both sides (advanced midbrain compression)

Table 4. Results of operative treatment dependent on the neurologic
stage of the patient and on the time of operation

Operation Stage 2 Stage 3 Stage 4 Total
days n (+) n (+) n (+) n (+) = ]
1. 1 (-) 20 (11) 9 (9) 30 20 67
. - (=) 9 (2) 3 (1) 12 3 25
3. - 7. 4 (-) (2) 1 (=) 12 2 17
> 8. (1) (2) - (-) 13 3 23
67 28 42

were operated on during the second day showed no development of the
focal-neurological deficit. Both of the surviving patients, who were
operated upon in stage 4 are totally disabled. Among the group of
patients who were operated upon after the second day but within the
first week, two died because of extracerebral and one for neurological
reasons. Most tragic is the death of a 33-year-old patient who had
been operated upon after 3 weeks in stage 2 and who had several post-
operative hematomas.

Beyond the age of 50, prognosis clearly deteriorates (Fig. 1). A vol-
ume of hematoma of more than 40 ml as well as a hematoma of basal
ganglia and/or rupture into the ventricles diminishes the survival
rate considerably; on the other hand the position of the hematoma

in atypical regions influences the focal-neurological deficit more.

An analysis of the results of the surviving patients who were oper-
ated upon after the second day shows that all except two of those
patients who were submitted to an operation during stage 3 had no
alteration in their distinct neurologic deficit. Out of 11 patients
who had been operated upon during the more favourable stage 2 be-
cause of non-existent or not progressing recovery, 7 came to total
remission, 2 to progressing recovery, whilst the status of 2 patients
remained unchanged. Only 18% of our patients were nearly completely
cured by neurosurgical intervention.

The CT-follow up's in conservatively treated cases show that under
strict neurological status-control there is a legitimate reason to
postpone surgical treatment. The rate of resorption depends on the
size of the hematoma. Small hematoma with an average diameter of
between 1,5 and 3 cm are often reabsorbed leaving within 4 to 5
weeks hypodense defects; larger hematoma, however, need usually up
to 9 weeks before complete resorption takes place.
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Intraventricular haemorrhages are not seen in CT scan between 14 and
20 days after bleeding. The return of midline structures does not
occur simultaneously with the diminishing or density decrease of the
hematoma, and is seen at the earliest after a period of 3 weeks. Ac-
cording to CT-follow-up-examinations there is no hard and fast rule
governing the rate of resorption in intracerebral bleedings. It ap-
pears that the size and the location of the hematoma, penetration of
the ventricles, perifocal edema, extent of displacement of cerebral
structures, preexistent brain atrophy, age, general physical condi-
tion and previous illness may all cause great variation in these pro-
cesses of haematoma absorption. Before the CT-era we would most cer-
tainly have operated on some patients from this group, because of the
space occupying lesion.

Summary

1. The operative mortality amounts to 42%; 40% of patients survived
with neurologic deficit; only 18% came up to an almost complete
recovery.

2. Our experience proves that operations during the first day on
patients suffering from a typical midbrain compression lead to
a mortality rate of 100%. Therefore an operation seems to be
senseless.

3. A comparison with former results clearly demonstrated that the
results of operative treatment have not changed in spite of im-
proved diagnosis by computerized tomography (Table 5).

4., An exact demonstration of hematoma and its correlation to adja-
cent cerebral structures by computerized tomography permits one
nowadays to reject operations which in former times would have
been carried out in case of doubt only on indirect proof of an
intracerebral hematoma.

5. The indication for operation still depends in each particular
case on the neurologic symptomatology and mainly on its speed.

Table 5. Comparison between results of operative treatment of
spontaneous intracerebral hematoma (pre-CT-era, CT-era, own results)

Mortality
n Total Typical Atypical
hematoma hematoma
(%) (%) (%)
Survey of literature
pre-CT-era 1703 28,3 29 26
Survey of literature
CT-era 479 40,3 38 43
Own results
CT-era 67 42 63 24
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The Prognosis of Traumatic Intracranial Hematomas Before and After
the Introduction of Computerized Tomography

E. Heiss, F. ALBERT, and H. WEILAND

The localization and expansion of an intracranial hemorrhage can be
detected by CT within a few minutes. Therefore, the advantages of
this exact identification and time-saving diagnostic method may be
assumed to influence the results of surgical treatment of traumatic
intracranial hematomas.

For this purpose we have compared the clinical courses of acute epi-
dural (EDH) and subdural (SDH) hematomas, as well as of traumatic
intracerebral blood clots (ICH), which were operated on between 1971
and 1979 in the Neurochirurgische Universit&dtsklinik Erlangen. During
this period 468 patients were treated for these 3 types of hematomas
(EDH: 213 cases; SDH: 168 cases; ICH: 87 cases). The diagnosis was
made by CT in 51.9%, by other methods (angiography, echoencephalo-
graphy = AE) in 48.1%.

It is worth mentioning that the frequency of operative treatment of
CT-diagnosed intracerebral hematomas was more than one—third higher
than in the pre-CT era, whereas subdural hematomas were operated on
about one third less frequently (Fig. 1).

In 338 cases we were able to determine the time interval between the
accident and the surgical procedure. The 24 hour-time-limit for acute
subdural hematoma (FROWEIN and KEILA, 1972) was drawn into consider-
ation in these cases.

Owing to the use of CT, the time interval between accident and oper-
ation could be reduced for all types of hematomas (Fig. 2). On the
average, EDH were operated on 4 hours earlier than in the pre-CT era,
SDH 2.3 hours earlier, and ICH 0.3 hours earlier.

With regard to the postoperative outcome, the different types of
hematomas were classified into 3 groups: good (cured or eligible
for rehabilitation), poor (persisting unconsciousness or apallic
syndrome) , and death. The tendency towards a more rapid diagnosis
with the help of CT was observed in all these 3 subdivisions for
all types of hematomas (Fig. 3).

Comparing the two different diagnostic methods (CT, AE), the patients
of the CT group revealed a better survival rate and an improved post-
operative state (good condition in 60.9%, in contrast to 57.6% in the
AE group), and a corresponding decrease in the mortality rate (4.3%).

The evaluation of the outcome in the various types of hematomas
showed some remarkable differences in the postoperative conditions
(Fig. 4):
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Epidural hematomas (n = 213)
CT (123 cases)

AE (90 cases)

Good 73.2% 73.3%
Poor 8.9% 13.3%
Death 17.9% 13.3%

Subdural hematomas (n = 168)
CT (66 cases)

AE (102 cases)

Good 42.4% 49.0%
Poor 22.7% 13.5%
Death 34.9% 37.5%

Intracerebral hematomas (n = 87)

CT (54 cases)

AE (33 cases)

Good 55.6% 40.6%
Poor 13.0% 9.4%
Death 31.4% 50.5%

In spite of the use of the CT, the mortality of epidural hematomas
in our series increased by 4.6%, that of subdural hematomas on the
other hand, decreased by 2.6%. At the same time a rise (9%) in the
number of patients with a poor outcome after SDH was seen. Intra-
cerebral hematomas were not only operated on more frequently, but
the results of their treatment also improved considerably, the de-
crease in the mortality being nearly 20%.

The following factors are thought to influence the result of therapy
of traumatic intracranial hematomas: the time interval between acci-
dent and operation, the age and the condition of the injured person,
additional injuries, and the occurrence of unfavourable clinical
signs (primary or secondary unconsciousness, dilatation of the pu-
pils, pyramidal tract signs, extensor spasms of the extremities).

No significant age differences were observed between the CT and the
AE groups of the various hematoma types. The survival chances of
cases with acute traumatic hemorrhages declined rapidly in patients
over 60 years of age. Furthermore, investigations in patients with
prolonged unconsciousness or apallic syndrome indicated that younger
people tend to recover in the course of time, while older people die.

With regard to the determining factors mentioned above, the patients
who died of epidural hematomas had exhibited an unfavourable clinical
condition at an early stage, despite the time-saving diagnostic CT
procedure: 33.3% of these had a primary unconsciousness persisting
since the accident. Out of these, 71.4% had additional severe in-
juries, and 95.5% exhibited dilated pupils. A primary unconscious-
ness was seen in only 8.3% of the patients in the AE group. These,
moreover, had no substantial secondary injuries. Dilatation of the
pupils was found in 91.6% of these latter patients.

Patients with subdural hematomas were found to have a decrease in
the mortality rate by 2.6% in the CT group. Furthermore, a conspi-
cuous increase of survivors in a poor clinical condition (+9%) was
observed in this group.
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A primary unconsciousness and multiple injuries were seen equally
often in the deceased of both diagnostic groups. Compared to the
CT-diagnosed group, the operation in the AE group was not only de-
layed in time, but also took place under more unfavourable clinical
conditions: dilatation of the pupils in 89.5% (CT group: 86.7%),
extensor spasms in 44.7% (CT group: 31.3%).

The survivors of SDH in a poor postoperative condition had likewise
been primarily unconscious in both diagnostic groups. The CT-diag-
nosed survivors, however, had multiple injuries in a higher per-
centage of cases (CT group: 37.5%; AE group: 0%), and more often ex-
hibited dilated pupils (CT group: 75.0%; AE group: 71.4%). It must
therefore be assumed that they had been in a more unfavourable con-
dition immediately after the accident, a further loss of time re-
sulting in death.

The most remarkable observation in our series was the decrease in
the mortality rate - almost 20% - of the traumatic <Zntracerebral
hematomas since the introduction of CT. In respect to their sur-
vival, the patients of the AE group were already in a less favour-
able condition at the time of operation, surgery being performed
approximately 5 hours later on the average. In these patients we
found higher rates of primary unconsciousness (+15%), of dilated
pupils (+6%), of a tendency to extensor spasms of the extremities
(+12%), and of pyramidal tract signs (+24%). The incidence of mul-
tiple injuries was about the same.

In summary, we conclude that the diagnosis of a traumatic intra-
cranial hemorrhage is unquestionably facilitated and accelerated
by CT, but more patients come to surgery in a primarily adverse
clinical condition. Especially the diagnosis of ICH has been im-
proved by the localizing abilities of the CT, which has positive
effects on the number and the outcome of surgical interventions,
and which results in a substantial decrease of the mortality.

Despite the unquestionable benefit of the CT, the fate of patients
with traumatic intracranial hematomas remains dependent on the
rapidity of hemorrhage development, and on the alertness of the ad-
mitting physician.
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Postoperative CT+ollow-Up of Chronic Subdural Hematoma
J. R. MORINGLANE, M. SAmIl, and K. D. LERCH

Introduction

Chronic subdural hematomas show not only during the preoperative
examination characteristic computertomographic changes of the sub-
dural space and cortex, signs of compression of the basal cisterns
and ventricular system, rabbit-ear-phenomenon -etc. (1, 2, 3). In
the postoperative period repeated CT-examinations show important
peculiarities - depending on the surgical technique - which give
essential information of the healing process. Neurosurgeons and
neuroradiologists should undertake the analysis of postoperative CT
findings, always taking into consideration the operative technique
employed in each case and the clinical situation in order to avoid
false interpretations which could lead to superfluous reinterventions.

Material and Method

Since 1977, 55 patients with chronic subdural hematomas between 12
and 87 years of age were treated at the Neurosurgical Clinic of the
City of Hannover (FRG). Depending on the extent of the subdural fluid
collection, evacuation was performed via 2 or 3 seldom enlarged burr
holes. The membranes were resected in the visible area of the burr
holes. After irrigation of the subdural space with saline solution a
JACKSON-PRATT drain was introduced into the subdural space between
the cortex and the inner membrane. This drain was withdrawn as soon
as the cortex had reached the inner table of the skull bone, other-
wise it was left in place till the drained liquid became clear.

The following 3 cases demonstrate exemplary CT findings in the post-
operative course of chronic subdural hematomas.

Case 1

A 50-year-old male patient with psychic disorders and headache, later
followed by deterioration of state of consciousness (Fig. 1 a-e):

a) Preoperative finding: Chronic mixed hypo-isodense subdural hema-
toma over the right hemisphere, fronto-temporo-parietal. Compres-
sion of the right lateral ventricle, shifting of the midline
structures to the left.

b) 7th postoperative day: Drain is still in place. Rest of hematoma
and air. Beginning of widening of ventricle.

c) 11 days after surgery. The drain has been removed. Residuum of air.
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d) 17th postoperative day. Rest of air and level of liquid. The con-
dition of the patient has definitively improved.

e) 4th postoperative week. No residual hematoma. No air. Normal con-
figuration of the ventricular system. The surface of the brain
has reached the inner table of the skull.

Case 2

A 66-year-old male patient. Admission in the hospital after a fall
on the street with short loss of consciousness. No neurologic de-
ficit, no (subjective) complaint. Routine CT-examination (Fig. 2 a-e):

a) Preoperative CT-finding showing a hypodense bilateral subdural
hematomas with depressed (flattened) gyri, rabbit-ear-phenomenon
on the right side and compression of the right lateral ventricle.

b) 8th postoperative day with drainage on both sides. Rest of liquid
and of air over both frontal lobes (patient is in the supine
position.

c) 3 weeks after surgery. The drains have been removed. Rest of air
and liquid. Collapse of ventricles and hemispheres. Patient clin-
ically well.

d) 4 weeks after surgery. Rest of liquid. Persisting collapse of the
hemispheres. The patient is clinically in excellent condition.

This patient had check-ups at regular intervals of 3 months.
Despite the very good condition of the patient CT finding was
unchanged 8 months after the operation.

e) Final result 1 year after surgery. Complete expansion of the hemi-
spheres. Complete resorption of subdural fluid. Normal appearance
of the pattern of the cortex, cisterns and ventricles, corresponding
to the age of the patient.

Case 3

A 66-year-old female patient. Admission into hospital because of
psychic disorder. CT-examination was performed because of impair-
ment of the state of consciousness.

a) Preoperative finding: bilateral isodense chronic subdural hema-
tomas with rabbit-ear-phenomenon, flattened relief of cortex.

b) 11th postoperative day. CT showing the drain on both sides.
Beginning decompression of the ventricles.

c) 15 days after surgery. Drains removed. Brain mass still collapsed.
Tent-like moulded frontal lobes. Rest of air over the frontal
lobes (supine position). Clinical improvement.

d) 3 weeks after surgery. No subdural liquid. No air. Persisting
signs of compression with rabbit-ear-phenomenon. Patient clin-
ically improved. No indication for a new surgical intervention.

In this patient normalization of the ventricular system and of
the cisterns required a period of 6 months.
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e) 7 months after surgery. Enlargement of lateral ventricles. Normali-
zation of cortex, sulci open, no rabbit-ear-phenomenon. Ventricu-
lar system and surface of the brain corresponding to the age of
the patient.

Conclusion

After evacuation of chronic subdural hematomas via 2 or 3 enlarged
burr holes with subsequent postoperative drainage of the subdural
space, CT examinations show well defined peculiarities as demonstrated
by the 3 representative cases described above.

In the 1st postoperative week, the CT picture shows the drains as
well as a residuum of air and fluid and persistance of signs of
compression. After removal of the drains the space is occupied by

a residuum of air and fluid. In a few cases the surface of the

brain reaches the inner table of the skull and the ventricular system
gets normal in a short time. In spite of the improvement of the clin-
ical situation of the patient, signs of compression of the basal
cisterns and of the ventricles can still be present. Normalization

of the ventricles, of the cortical pattern, of the subdural space

and basal cisterns is not a result obtained immediately after sur-
gery, but a more or less slow process over a few weeks to several
months. There is no parallelism between the clinical recovery and

the normalization of the CT finding. A residuum of air and of fluid
in the subdural space as well as the persistance of preoperative
signs of compression should not be taken for a recurrence of the
chronic subdural hematoma. The length of time required for the dis-
appearance of pathologic signs depends not only on the age of the
chronic subdural hematoma, but also greatly on the general condi-
tion of the patient and on his biological age.
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Cranial Computed Tomography: Its Influence on Results of Treating
Traumatic Intracranial Extradural Hematomas

H. M. MEHDORN, W. GROTE, H. C. WEICHERT, A. BUCH, and S. BERGNER

Introduction

Computed tomography (CT) has become a major adjunct in the treatment
of intracranial lesions, including those caused by head trauma (1-3,
8, 11, 13-16, 18, 20). In order to find out to which degree it has
influenced management and outcome of patients presenting with intra-
cranial extradural hematomas (EDH), we reviewed a series of 139 con-
secutive patients admitted to the Department of Neurosurgery at the
University of Essen, between 1973 and 1980.

Material

The majority of the 139 patients was referred to us from various
local hospitals located at a distance of up to seventy kilometers
and were brought to us via ambulance or helicopter. Only a few pa-
tients were admitted primarily to our department. The exact number
of patients admitted for each year is listed in Fig. 1. We used the
Glasgow-Coma Scale (GCS) (6, 7, 17, 19), to identify a patient's
initial clinical status, his status upon arrival in our department
and at consecutive intervals, although it was sometimes difficult
to identify precisely the initial status due to a lack of informa-
tion in the admitting notes. Whenever possible, patients were ex-
amined after follow-up intervals ranging from 1 to 7 years. If pa-
tients were not available for follow-up examinations, they were in-
terviewed by telephone or their clinical status at any later ex-
amination was used to identify the outcome.

Sixty-four patients were treated in our department before a CT be-
came available for clinical applications in early 1977, and
seventy-five patients were treated after this date. Among the 64
patients treated prior to 1977, 44 patients underwent angiography;
between 1977 and 1980, 9 patients underwent angiography, usually

in an outside hospital. Furthermore, 42 patients received a late
follow-up CT-scan; among them, 30 patients had received one or more
previous CT-scans.

Results

The patient's age ranged from less than a year to 76 years, with a
first peak between 11 and 20 years and a second in the group aged
41 to 50 years. The extradural hematomas were located predominantly
(1/3) over the temporal region, the remaining regions accounting
for the other two-thirds. Among the 139 patients, 109 had only
an EDH at surgery, 10 patients presented with EDH and brain contu-
sion, 8 patients with an EDH and a subdural hematoma and 5 patients
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with a combination of EDH + subdural hematoma + contusion. Seven pa-
tients with an EDH diagnosed on CT did not undergo surgery. Most
patients were referred to our department within 24 hours after a
trauma, approximately 5% of the patients had a chronic EDH and were
admitted a few days or later after the initial trauma.

A summary of the 139 patients' initial status and their status upon
admission to our department is given in Fig. 1. In the lower part of
this figure, the respective mortality rates are given in per cent.
There was an overall mortality of 25,9% at time of discharge and
30,2% at time of the follow-up examination. The mortality rate for
the years 1973 to 1976 was 34,4%, from 1978 to 1980 20%. It was ex-
ceedingly high in 1977: 53%. Thirty-three patients presented with
neurological defects at the follow-up examen (38% morbidity): 18
patients were able to work as well as they had done prior to the
trauma; 8 patients showed such a neurological deficit that they were
not able to work, but were able to care for themselves and 7 pa-
tients were disabled and required daily care.

Discussion

The value of computed tomography in the management of patients pre-
senting with head injuries has been shown previously (1-3, 8, 11,
13-16, 18, 20). It allows for rapid, non-invasive detectlon ~of intra-
cranial lesions in critically ill patlents who often required rapid
(neuro-)surgical treatment. The ease with which one can perform

the CT-scan had led us to obtain an initial CT-scan on practically
every patient presenting with a major head injury. This also in-
cludes the management of patients with the initial diagnosis of EDH.
JAMIESON and YELLAND (5), have emphasized the importance of precise
and "intelligent observation" of the patient's level of consciousness
and did not usually rely on radiological procedures in order to de-
fine the extent of head trauma. In our series, approximately half of
the patients presented with initial localizing signs. From 1973 until
1976, when only angiography was available to identify intracranial
lesions, it was performed only in two-thirds of those patients pre-
senting with primary localizing signs; however, since the advent of
CT-scan, 28 patients presenting with localizing signs still under-
went CT examination, and only 5 patients were taken directly to the
operating theatre. The emergency situation in those cases is re-
flected by the high mortality rates: among those patients undergoing
an initial CT examination, mortality was 21% compared to 67% in those
patients who were taken immediately to the operating theatre. There
is a smaller difference when comparing the patients who did or did
not undergo initial angiography in 1973 to 1976: the mortality rate
of 27% for those undergoing initial angiography compared to 45% mor-
tality in those who did not undergo initial angiography.

Prior to the introduction of CT, mortality rates were around

34%; since then, they have been reduced to 27,6% for the period
1988-80, with a high of 53% in 1977 and 0% in 1980. 1977 seemed to
have been an uncommon year: there was a high number of older patients
admitted for surgery, and 20% of all patients presented with GCS
grades 1-3. A similar situation was only reached in 1979 when 6% of
the patients were clinically dead at time of admission and another
10% were GCS grades 1-3. Whether this could be due to an effort in
the referring hospitals to obtain a maximum of diagnostic informa-
tion and treatment performed on their critically ill patients re-
mains an open question.
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When one tries to identify any possible influence of the CT-scan on
the outcome, one has to consider first the patient's clinical status.
The percentage of patients presenting with GCS grades 1-6 upon ad-
mission varied markedly from one year to another. Mortality rates
seem to correlate best with the percentage of patients presenting,
upon arrival in our department, with GCS grades 1-6; this has been
reported by other authors, as well (6, 7, 12, 17, 19). The data pre-
sented here do not support the opinion (2) that CT alone has signif-
icantly reduced mortality after EDH. This difference may be due to
differences in the referral systems, since the large majority of our
patients was referred to us from other hospitals; an analysis of 16
case histories of patients who had died in the period 1977-80 re-
vealed that 4 had died because of inadequate time delay from the
onset of clinical warning signs until the decision was taken to
transfer the patient into a neurosurgical centre. A similar experi-
ence was noted by other previously (5, 10). CT-scan therefore is not,
in our experience, of exclusive value to reduce mortality rates in
patients with EDH, because the initial clinical situation and acute-
ness of evolution of an EDH are the major factors influencing out-
come. However, it has become a major diagnostic tool in the manage-
ment of EDH:

1. With CT, intracranial lesions can be localized better than with
conventional diagnostic methods; this has led us to practically
always perform an osteoplastic craniotomy instead of an explora-
tory burrhole

2. Associated intracranial lesions can be detected easily and there-
fore adequately dealt with (Fig. 2); 16% of our patients presented
with this problem. Often, the second lesion may be fatal (8, 15, 16).
In 5 instances we observed a lesion on CT that was considered to
be fatal, and in conjunction with the patients' poor clinical sta-
tus it was decided not to perform surgery for the EDH

3. Occasionally, CT shows an EDH without major mass effect in pa-
tients who are in stable clinical conditions. In 2 such cases
our decision to postpone surgery, was eventually followed by the
patient's spontaneous complete recovery and resolution of the
EDH (Fig. 3)

4. After evacuation of an EDH, other lesions may become visible or
more pronounced which may require further therapy (Fig. 4).

Summary

Nowadays, CT is an important neuroradiological tool. Physicians caring
for patients with head traumas in peripheral hospitals should be more
aware of its possibilities and decide earlier to transfer a patient

for diagnostic workup and possible treatment. This should help to es-
tablish the full benefit of this method in order to reduce the mortali-
ty rate towards the 10% target set by HOOPER (4) and aimed at by others,
as well (2, 5, 9, 10).
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