


Advances in Neurosurgery 11 



Acute Non-Traumatic 
Intracranial Bleedings 

Posterior Fossa 
Tumors in Infancy 

Edited by 

H.-P' Jensen M. Brock M. Klinger 

With 186 Figures and 122 Tables 

Springer-Verlag Berlin Heidelberg GmbH 



Proceedings of the 33rd Annual Meeting of the 
Deutsche Gesellschaft fUr Neurochirurgie 
Kiel, May 16 - 20,1982 

Prof. Dr. Hans-Peter Jensen 
Neurochirurgische Universitatsklinik Kiel 
Weimarer StraBe 8, 0-2300 Kiel 1 

Prof. Dr. Mario Brock 
Abteilung fUr Neurochirurgie, Neurochirurgische Klinik und 
Poliklinik, Universitatsklinikum Steglitz, 
Freie Universitat Berlin, Hindenburgdamm 30, 0-1000 Berlin 45 

Priv.-Ooz. Dr. Margareta Klinger 
Neurochirurgische Klinik der Universitat Erlangen-Nurnberg 
Schwabachanlage 6 (Kopfklinikum), 0-8520 Erlangen 

 
 

Library of Congress Cataloging in Publication Data. Deutsche Gesellschaft fur Neuro
chirurgie. Tagung (33rd. : 1982 : Kiel, Germany) Akute non-traumatic intracranial 
bleedings. (Advances in neurosurgery; 11) 
"Proceedings of the 33rd Annual Meeting of the Deutsche Gesellschaft fUr Neuro
chirurgie, Kiel, May 16-20, 1982"-T. p. verso. Includes bibliographies and index. 
1. Brain-Hemorrhage-Congresses. 2. Cranial fossa, Posterior-Tumors-Congresses. 
3. Tumors in children-Congresses. 4. Infants-Diseases-Congresses. I. Jensen. 
H.-P' (Hans-Peter), 1921-. II. Brock, M. (Mario), 1938-. III. Klinger, M. (Margareta), 1943-. 
IV. Title: Akute non-traumatic intracranial bleedings. V. Title: Posterior fossa tumors in 
infancy. VI. Series. [DNLM: 1. Cerebral hemorrhage-Congresses. 2. Brain neoplasms
In infancy and childhood-Congresses. 3. Brain-Drug effects-Congresses. 4. Brain 
-Surgery-Congresses. W 1 AD684N v.ll 1 WL 355 D4882 1982al 
RC394.H37D481982 616.8'1 83-10467 IS8N 978-3-540-12538-9 (U.S.l 

This work IS subject to copyright. All rights are reserved, whether the whole or part of the 
material is concerned, specifically those of translation, reprinting, re-use of illustrations, 
broadcasting, reproduction by photocopying machine or similar means, and storage in 
data banks. Under § 54 of the German Copyright Law where copies are made for other 
than private use a fee is payable to "Verwertungsgesellschaft Wort", Munich. 

© Springer-Verlag Berlin Heidelberg 1983 

Originally published by Springer-Verlag Berlin Heidelberg New York in 1983 

The use of registered names, trademarks, etc. in the publication does not imply, even In 
the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use. 

Product Liability: The publisher can give no guarantee for information about drug dosage 
and application thereof contained in this book. In every individual case the respective user 
must check its accuracy by consulting other pharmaceutical literature. 

2122/3140-543210 

ISBN 978-3-540-12538-9           ISBN 978-3-662-05589-2 (eBook) 
DOI 10.1007/978-3-662-05589-2



Preface 

This volume of ADVANCES IN NEUROSURGERY presents the original texts 
of 60 papers delivered at the 33rd annual meeting of the German Neuro
surgical Society held in Kiel from May 16th to 20th, 1982. These papers 
represent a selection from some 162 papers submitted and 96 actually 
given. The selection was made by the society's programme committee, of 
which Professor W. J. BOCK, Professor H. DIETZ and Professor W. GROTE 
are also members. I would like to take this opportunity to express my 
sincere thanks to them for their untiring cooperation. 

The scientific programme dealt with three main themes: 

1. Acute, non-traumatic intracranial hemorrhages, a subject that has 
always been of importance for neurological surgeons since the ana
tomist Giovanni Battista MORGAGNI in 1791 first described in detail 
the clinical picture and the pathological and anatomical causes of 
a brain hemorrhage he had observed in his servant. Indeed, at our 
31st annual meeting in Erlangen in 1980 "Timing Problems in Sub
arachnoid Hemorrhages" was one of the main topics of discussion. 
For this year's meeting a cooperative study in which 27 university 
and hospital departments of neurosurgery participated enabled us 
to look into the causes and the diagnostic and therapeutic measures 
involved in a great number of cases of intracranial hemorrhage. 

2. Tumors of the posterior cranial fossa in childhood are another top
ical subject for examination, especially with regard to possible 
X-ray therapy and cytostatic treatment. The results of a cooperative 
study in this field in which 31 university and hospital departments 
took part were also reported, thus given a comprehensive view of the 
operative treatment. 

In addition to their scientific value the cooperative studies carried 
out are also a form of "quality control" that is being called for 
today - and rightly so - especially by surgeons. 

3. Other unrelated papers in which, on the occasion of the annual meet
ing, recent findings in the field of research were presented. In 
order to preserve the thematic unity in this volume we unfortunately 
must forego printing many of these papers. 

Special thanks once again to all our colleagues who, with their papers, 
contributed of the success of the society's 33rd annual meeting. In re
cognition of their contribution the executive of the German Neurosurgical 
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Society resolved to present every speaker with the congress medal for 
1982 and a certificate of participation. The congress emblem was taken 
from the oldest seal of the city of Kiel from the year 1365. It shows 
a cog with a nettle leaf on the red coat of arms of the Earl of Hol
stein on the stem. The sail of the heraldic boat bearing the crest was 
fashioned anew, receiving the emblem of the German Neurosurgical 
Society (Fig. 1). 

To those who submitted their papers for this volume of ADVANCES in the 
desired form and in English, a special word of thanks. 

Our sincere gratitude we also express to the Springer Verlag for its 
help in editing the ADVANCES IN NEUROSURGERY, Volume 11. 

H.-P. Jensen 

Fig. 1. Medal of the 33rd annual meeting of the German Neurosurgical 
Society in Kiel, 1982 
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The President's Opening Remarks and Address to the Delegates of 
the 33rd Annual Congress of the German Neurosurgical Society 

H.-P' Jensen 
Neurochirurgische Universitatsklinik Kiel, Weimarer Strasse 8, 0-2300 Kiell 

Mr_ President of the World Federation of Neurosurgical Societies, 
Fellow Colleagues, Ladies and Gentlemen, 

I want to extend to you all a most cordial welcome to the thirty-third 
annual congress of the German Neurosurgical Society here in Kiel, the 
most northerly university city in Germany. I welcome Professor SEITZ, 
the president of the German Neurological Society, Professor HAMELMANN 
who is representing the president of the German Association of Surgeons 
and Professor WAWERSIK representing the German Association of Anaesthe
sists_ I also welcome Dr. von SCHELIHA from our state government and 
Councillor BARTHEL, who is representing our mayor. 

I particularly extend my welcome to the many participants from other 
European countries and from abroad: - first to those colleagues from 
Austria, Italy, Spain, Switzerland, the Benelux countries, France and, 
last but not least, Great Britain, with whom we have been associated 
for years, and then to our friends from the United States and Canada. 
By their participation in our congress I already see us reaping the re
wards of one of the early traditions of our SOCiety, that is our culti
vation of long-standing personal contacts between German and American 
neurological surgeons as well as on the occasions of our congresses. 
This tradition was initiated in October 1978 when Frank MARGUTH, the 
president of our society at that time, invited the American Academy of 
Neurological Surgery to a joint meeting, an invitation that was reci
procated when the American Academy under its president Eben ALEXANDER 
Jr. asked us to their joint meeting in New York in October 1980. Their 
participation is also a symbol of the close association of neurological 
surgeons allover the world. This association was made very real to all 
of us last year on the occasion of the World Congress of Neurological 
Surgeons in Munich under the direction of Karl-August BUSHE, the presi
dent of that congress. 

I also extend an especially warm welcome to our friends and colleagues 
from the Scandinavian countries. Originally we invited the Scandinavian 
Neurosurgical Society to a jOint meeting in Kiel. But since the statutes 
of that venerable society forbid such joint meetings, in agreement with 
Jacob HUSBY, the secretary, we invited all the members of the Scandina
vian society personally, just as we invited all our own members person
ally. I am very pleased to see that so many of our Scandinavian col
leagues have accepted our invitation. You have joined the meeting, but 
it is not a joint meeting! 

Advances in Neurosurgery, Vol. 11 
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I also want to send greetings to our-many friends and colleagues in 
East Germany and other countries of Eastern Europe. Many of them have 
written to us but, for political reasons, are unable to take part in 
our congress. 

Ladies and Gentlemen, after these words of welcome it is my sad duty 
to remember those who have passed from us. Since our last meeting the 
following six members of our society have died: 

Mr. Walpole LEWIN, Cambridge 
Professor Bent BROAGER, Copenhagen 
Professor Hans-Robert MULLER, Hamburg 
Professor Eduardo TOLOSA, Barcelona 
Professor Herbert REISNER, Vienna 
Professor Eric ZANDER, Lausanne 

I thank you for rising in remembrance of them. 

Among the president's duties are also many of an extremely pleasant 
nature. It is a great pleasure that I am able to inform you that on 
the occasion of our meeting in Tlibingen on April 22, 1981 the members 
of our society elected two new honorary members. 

They are Professor Joachim GERLACH, emeritus professor of neurosurgery 
and former director of the Department of Neurosurgery at the University 
of Wlirzburg and Professor Rudolf KAUTZKY, emeritus professor of neuro
surgery and former director of the Department of Neurosurgery at the 
University of Hamburg-Eppendorf. With this honour the German Neurosur
gical Society honours their services to our field of specialization 
and our society, their scientific research and especially their heuris
tic work on the ethics of medicine and the philosophical and theological 
problems connected with neurosurgery. I now present Professor GERLACH 
and Professor KAUTZKY with their honorary memberships. 

In addition, I am delighted to inform you that in its membership meeting 
this afternoon our society decided to make Professor Karl-August BUSHE, 
professor of neurosurgery and director of the Department of Neurosurgery 
at the University of Wlirzburg an honorary member. It is most unusual for 
a member of our society to receive this honour at such a young age while 
still carrying out his duties in science, research and teaching. The 
society thus pays tribute not only to Professor BUSHE's services to neu
rosurgery and his scientific research but also to all the work he does 
in an honorary capacity. He fulfils the obligations involved in these 
positions in an exemplary fashion, thus promoting the standing and re
putation of our society. The following are only some of his honorary 
positions: 

In 1967 and 1968 he was president of our society and organized two con
gresses during this time, one in Bad Harzburg and the other in Gottingen. 

In 1972 he was president of the European Society of Paediatric Neuro
surgery. 

In 1974 and 1975 he was president of the International Society for 
Paediatric Neurosurgery and as congress president was responsible for 
that society's congress in Wlirzburg in 1976. 

The culmination of this honorary activities was his term as president 
of the 7th International Congress of the World Federation of Neurosur
gical Societies in Munich in July 1981. Four long years with unbeliev
able personal engagement he made preparations for this congress, one 
in which a quarter of all the neurological surgeons in the world took 
part. Thanks to the excellent organization this congress was charac-
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terized not only by a most rewarding scientific programme but also by 
a well planned recreational programme designed to build bridges of un
derstanding between participants of all nations. In recognition of his 
achievements as congress president the World Federation of Neurological 
Societies made Professor BUSHE an Honorary President. To honour him as 
a doctor and a scientist he was awarded the German Distinguished Service 
Medal at the beginning of his term as Dean of the Medical Faculty at the 
University of Wlirzburg. I now present Professor BUSHE with the honorary 
membership in our society. 

The executive committee of our society has decided to present the Con
gress Medal and certificate of participation to all those who distin
guish themselves through taking part in this year's congress. I am es
pecially happy to have presented the first three medals to our new hon
orary members. 

A scientific society must promote research and science in its field of 
specialization. Wilhelm TONNIS, the far sighted founder of neurosurgery 
in Germany, recognized this and through a generous endowment enabled 
the German Neurosurgical Society to award the Wilhelm Tonnis Fellowship 
to promising young researchers. This year's fellowship was awarded to 
Dr. Hans-Peter RICHTER and it enabled him to take a study trip through 
the United States and Canada from January 1st to February 28th, 1982. 
Dr. RICHTER has given us a detailed report of his study trip that clear
ly shows that the purpose of the fellowship, that is the promotion of 
research and science, has indeed been served. I congratulate Dr. RICHTER 
on having been awarded this fellowship and in token of this I present 
him with the congress medal. 

Ladies and Gentlemen, I would not want to close without honouring my 
own teachers. First of all, I would like to mention Karl KLEIST (1879-
1960) professor of neurology and psychiatry in Rostock (1916-1920) and 
in Frankfurt/Main (1920-1950). As professor emeritus he was the director 
of the Research Centre for Brain Pathology and Psychopathology in Frank
furt. His main scientific interest was the function of the brain and the 
localization of neurological and psychic disorders of the brain. To him 
I owe my fascination with the study of the human nervous system and my 
decision to devote my life to it. If I had a summarize in one sentence 
what I learned from him, it would have to be that a complete and care
ful medical examination of the sick individual must always be the basis 
of a diagnosis. Only afterwards can this diagnosis be complemented and 
confirmed by technical examinations and laboratory tests. Here, nothing 
has changed even though today we are able to examine the patient in lay
ers with the help of computers and other equipment. 

Joachim GERLACH (born in 1908) became familiar with brain research as a 
student in Breslau when, under his teachers Otfrid FOERSTER and Hartwig 
KUHLENBECK he wrote a doctoral thesis on comparative brain anatomy. He 
later became a general surgeon but his interest in neuroanatomical re
search was always uppermost. For this reason, at the urging of Wilhelm 
TONNIS he accepted a position under Hugo SPATZ at the Kaiser Wilhelm In
stitute for Brain Research in Berlin. The outbreak of World War II ended 
his dream of working exclusively in research. As a surgeon he became an 
assistant ot Ernst LEMKE, who was at that time the director of the mili
tary hospital for injuries of the brain, spinal cord and nerves in Ber
lin. When LEMKE went to a department for neurosurgery on the Eastern 
front in 1944 GERLACH became his successor in Berlin. At the end of the 
war he came to the city of Schleswig together with ROSENHAGEN, a pupil 
of FOERSTER's, and built up a department for neurosurgery in the hospi
tal there. In 1948 he followed a call to Wlirzburg where he was able to 
rebuild the first separate department of neurosurgery that had once been 
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created by Wilhelm TGNNIS. He eventually turned it into one of the most 
modern departments of neurosurgery in Germany. 

When I became one of GERLACH's assistants in 1950 I not only had the 
great fortune of being able to participate in this work but also, as 
his only assistant, I had private lessons in neurosurgery so to speak. 
It was a difficult, strenuous time - we seldom talked about the quality 
of life - but it was perhaps the best time of my life. The most impor
tant thing I learned from Professor GERLACH would have to be this: One 
must never be content with a result or success no matter how great it 
might seem. Rather one must constantly ponder what one might have done 
better. It is a very great pleasure for me to have Professor GERLACH 
take part in our congress and I am especially honoured to have been 
able to present him with an honorary membership on behalf of our so
ciety. 

Werner WACHSMUTH (born in 1900), professor of surgery in Wlirzburg 
(1946-1969) with a doctorate h.c. in jurisprudence from the University 
of Gottingen, was always my model of a departmental head. In his many 
textbooks and manuals he has dealt with the techniques of surgical 
operations and the bases of anatomy. His books on "Practical Anatomy", 
published together with the anatomist Titus von LANZ, are regarded in 
the whole world as the fundamentals of surgery. The most important 
thing that I learned from him was that in a well-directed department 
of surgery a fracture of the radius must be treated during night duty 
as carefully as a heart operation - for which all the hospital's equip
ment is necessary - is carried out on the following day. In Professor 
WACHSMUTH's lecture hall hung Goethe's words: 

"What is the most difficult of all? 
What you deem to be the easiest: 
To see what is in front of you." 

He loved quotations. On the door of his operating theatre were these 
words of Leonardo da Vinci: "Where much noise prevails, there is no 
clarity!". 

In concluding I would also mention those to whom lowe a great deal 
although I worked with them for only short periods of time. They are: 
Ernest WORINGER, Colmar; W. McKISSOCK, London; Norman DOTT, Edinburgh; 
Percival BAILEY, Paul BUCY, Joseph Patrick EVANS, Louis AMADOR, Ben
jamin BOSHES, Chicago and Donald D. MATSON in Boston. 

One can best pay tribute to one's teachers by trying to retain their 
best attributes and passing them on to the next generation. 

It has already become a tradition for the president, on the occasion 
of our annual congress, to comment on basic questions involving our 
field of specialization, our society or our profession. Such comments 
are intended primarily to aid our younger colleagues to understand bet
ter their own position, their obligations and their goals. For this 
reason, I would like to speak this evening on 

The Researcher and the Doctor in Modern Society 

Both the researcher and the physician have to fulfil important obliga
tions that must not be distorted by the ideologies of special-interest 
groups. The researcher's achievement is always a very personal one; he 
tests his ideas by using scientific methods and searches for new knowl
edge. Even when he works with others or when a scientific project 

4 



necessitates the cooperation of many researchers working together in a 
team this does not affect the researcher's personal scientific respon
sibility; it cannot be transferred to the group. 

The same holds true of the doctor in medical practice who treats the 
sick patient and bears complete responsibility regardless of how many 
others help him and consult with him. The doctor's judgment is just as 
much a personal one as is the researcher's and he alone is responsible. 
The sick person is an individual as well and he has a right to have the 
doctor treat not just any disease but the disease that he has. 

Thus both the researcher and the doctor obviously need a great deal of 
personal independence and inner freedom; they cannot seek shelter in 
the anonymity of the crowd. But like every free individual they too 
are buffeted by many external factors and by inner stress, especially 
in times of social turbulence and political, economic and philosophical 
uncertainty. What will enable them to ride out these storms? 

R.S. MORISON (1980) has given a clear answer to this question. He speaks 
of ethics, by which he means the system governing our decisions espe
cially in difficult times. He compares ethics with the gyro-compass that 
helps the sailor steady his ship and keep it on course through turbu
lence and uncertainty. This compass-like inner force, wound up in us 
and nurtured by our forefathers, has been passed on as a part of our 
heritage. We have fostered it since early childhood. It helps us to 
stay on course, establish sound thinking and make decisions that re
present the accumulated wisdom of our heritage. In adversity it admon
ishes us to take corrective action, to make our mark and to dodge nei
ther today's hazards nor those we fear tomorrow. 

Independence, inner freedom and our ethics are prerequisites for our 
work in research and in medical practice. 

The physician and the researcher have their roots in the university, 
as they have both learned here the tools of their trade so to speak. 
For this reason I would draw your attention to Christian Albrecht's 
foundation charter of the University of Kiel from the year 1665. You 
will find this charter at the beginning of this year's programme. Here 
Christian Albrecht sets down important tenets of a university. He thor
oughly legitimates his action by giving evidence of his own great knowl
edge of philosophy and politics. He quotes Xenophon in whose Kyrupaideia 
he had found the ideal image of the perfect prince. 

So too will each researcher examine his own knowledge and competence 
before beginning a research project or making a scientific pronounce
ment. Incidentally, the state would probably be spared a great deal of 
trouble and embarrassment if the same virtues were demanded of its pol
iticians. The doctor must of necessity be conscious of his own ability 
in every individual case, especially in our specialty neurosurgery, 
where a lack of knowledge and skill puts the patient's life at risk. 

In our democracies many groups without any special knowledge at all are 
today concerning themselves with medical practice. They criticize, give 
advice and recommend reforms. There is no mistaking the ideological in
fluences at work here. Their method of re-interpreting known facts and 
assigning new meanings to well-defined concepts shows this. Although 
the doctor's role up to now has been to treat the sick, in future he 
is to become a mere servant in a public health system which makes 
health - and not the medical treatment of illness - a new, suable so
cial and political right. The goal of every medical treatment is to 
help the sick patient get well again. When health is declared techni-
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cally producible and the expectation is awakened that health can be 
manufactured just like cars the ideological paralogism becomes obvious. 
The doctor becomes nothing but a public health technician. It is this 
way of looking at things here in Germany, that has led to public health 
being removed from the auspices of the Ministry of Health, Welfare and 
the Family and being made a part of the Ministry of Work. Physicians 
have become "productive performers" in our public health system. 

Increasingly our courts are also having to concern themselves with med
ical practice. They mainly have to decide whether there is evidence of 
malpractice or whether the sick citizen has been properly made aware of 
the nature of his illness and of possible complications and results of 
all medical measures taken. Here the doctor definitely needs legal help. 
Our state government here in Schleswig-Holstein commissioned lawyers to 
work out directives concerning patients' consent to operative measures 
for the protection of doctors in the medical departments of universities. 
When we consider that in our field of specialization the discussion be
tween the doctor and the patient, next to the diagnosis and the indica
tion, is one of the medical doctor's most important and most difficult 
tasks it is not difficult to see just how complicated the lawyers' work 
was. They have completed their report. These "Directives for Medical 
Doctors in University Medical Departments" contain 1632 words. The 
Lord's Prayer, in comparison, contains only 69 words and the Ten Com
mandments some one hundred. 

I mention these two texts for a special reason. Many a patient recites 
the Lord's Prayer before an operation, I sometimes wonder if they don't 
do this in the hope that their doctor will not follow the legal direc
tives to the letter. And the Ten Commandments could regulate many of 
society's problems better than all the extensive laws of the modern 
state have been able to. 

In his foundation charter Christian Albrecht gives a further example 
of a virtue that must characterize a university, namely absolute hon
esty in research and science - naming all the sources and authors one 
has used in one's own work for example. He reports that in founding 
the university he was only carrying on the work of his father Prince 
Frederick, who had already obtained many rights and privileges for the 
university from the Emperor Ferdinand III. 

Independence, inner freedom, personal ethics and absolute honesty are 
prerequisites for the work of the researcher and the doctor. 

Christian Albrecht indicated very clearly the importance of tradition, 
by which means experience, knowledge and obligations are passed on from 
one generation to the next. Tradition is equally meaningful for the re
searcher and the doctor. But influences of modern society can destroy 
our awareness and understanding of tradition, as I will demonstrate 
using the upbringing of the young as an example. By the turn of the 
century scientists, doctors and educators alike had realized that the 
demand for subordination and obedience in the upbringing of a child 
could have damaging effects. These could be avoided if pedagogical 
guidance replaced the parents' and teachers' formal authority. In the 
child's formative years this guiding principle would aid him in his 
efforts at integration and in his personal development. Guidance would 
replace formal authority, integration and personal development based 
on experience would replace subordination and obedience. 

This scientific knowledge was deliberately misconstrued by those who 
coined the expression "anti-authoritative education" - which led, in 
the 1960s especially, to young people being instigated to rebel against 
every form of authority, even authority gained from experience and 
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ability. This led to alienation and break in tradition. Now, everyone 
who thinks scientifically and uses well-defined concepts will immedia
tely realize that the expression "anti-authoritative education" is a 
masterpiece of ideological re-interpretation. It is also a deliberate 
misconstruction of findings and concepts the results of which the 
younger generation of doctors and researchers will have to contend 
with for some time to come. And whether an upbringing or education 
that calls for a resistance to authority violates the fourth command
ment "Honour thy father and thy mother" remains to be clarified. 

The University of Kiel is greatly indebted to Christian Albrecht for 
his services and for the prudence and wisdom he always showed. To make 
the university attractive and to attract as many students as possible 
he took great care to call the best professors from near and far and 
saw to their well-being so that they would stay in Kiel. In addition 
to their teaching and research the professors had many public functions. 
As a result they were held in high esteem and the citizens of Kiel 
accepted the privileges granted them. One such privilege was tax im
munity, which meant a great financial loss for the city at that time. 
Although subsequently, the University of Kiel suffered many a setback, 
it did eventually become a typical German university. German universi
ties have been famous in history and have been esteemed throughout the 
world. They have been distinguished by the accomplishments of their 
professors. In today's society efforts at reform count for more than 
tradition and chairs of medicine have been legislated away. The holders 
of these chairs have been exonerated from their public obligations, and 
their freedom to teach and to research has been curtailed. The reforms 
have made them mere employees of the university. Only the future will 
show whether this new "reformed" university of professorial employees 
can stand the test of time here in Germany. My judgment is that such 
changes in structure cannot endanger the German university with its 
hallowed traditions. 

Even though these newly created professorial employees cannot be ex
pected to promote our renowned institutions of higher learning in fu
ture, the university fortunately still has in the younger generation 
an inexhaustible reserve of innovative potential at its disposal. Here, 
young people who are not willing to submit meekly to certain structures 
of society external influences or ideologies of special-interest groups 
will grow and become individuals, individuals who in independence and 
personal freedom will achieve, individuals for whom honesty is more 
meaningful than demagogy and the ability to persuade, individuals who 
are convinced of the value of the tradition that binds the generations. 
These individuals will go through life, their heads held high, guided 
by the gyro-compass of their ethics. They will resist the temptation 
to seek shelter in the anonymity of the group. It will be these indi
viduals - and not groups - who as teachers and researchers will deter
mine the make-up of our universities. They will vouch for the high 
standard of the free medical profession in our country and for future 
developments in our specialty neurosurgery. 

Having seen that the intellectual home of the doctor and the researcher 
is and will continue to be the university, I can look forward to the 
future with optimism and conclude with Christian Albrecht's words: 
"Many the university thrive and progress and many every effort under
taken glorify and benefit our mother country and the intellectual com
munity" . 

H.-P. Jensen 
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Fig. 1. Foundation charter of the University of Kiel. Founded on 
October 5th, 1665 by Christian Albrecht, Bishop of LUbeck, heir ap
parent of Norway, Duke of Schleswig, Holstein, Stormarn and Dith
marschen, Earl of Oldenburg and Delmenhorst, Granted in Gottorf 
Castle on May 27th, 1665 
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Acute Non-Traumatic Intracranial Bleeding 



Acute, Non-Traumatic Intracranial Hemorrhage -
Diagnosis and Timing 

F. Scheil and J. Hedderich 
Neurochirurgische Universitatsklinik Kiel, Weimarer Strasse 8, 0-2300 Kiel1 

Introduction 

Twenty-four university or hospital departments of neurosurgery took 
part in the cooperative study on acute, non-traumatic intracranial 
hemorrhage during the years 1978, 1979 and 1980_ In three instances 
the data from two clinics with a common group of patients were com
bined. With the help of an extensive questionnaire, data were gathered 
on the causes of the hemorrhage, when and how the diagnosis and treat
ment was carried out, the patient's condition on admission to hospital 
and to what extent his condition influenced the diagnostic procedure 
(computed tomography and angiography), the therapy and - where indi
cated - the time of the operation. A division into six grades of se
verity was made, using the International Cooperative Study on Timing 
of Aneurysm Surgery as a model: 

Grade I: 
Grade II: 
Grade III: 

Grade IV: 
Grade V: 
Grade VI: 

No symptoms 
Slight symptoms (headache, meningism, diplopia) 
Neurological focal symptoms with full retention of 
consciousness 
Reduced consciousness, defensive reactions retained 
Weak defensive reactions together with stable vital signs 
No reaction to shouting or shaking, no reaction to pain 
stimuli and increasing instability of vital signs. 

In the diagnostic part of the questionnaire the focal pOints continued 
to be the results of CT and angiographic examinations. 

Of a total of 2629 completed questionnaires 2312 could be evaluated 
statistically. 2253 contained information on completed initial ex
aminations and treatment and 59 on follow-up examinations. 

Results 

Among the 2253 initial examinations aneurysms were the cause of the 
hemorrage in 1209 cases (54%) and angiomas the cause in 208 cases (9%). 
In 829 cases (37%) the hemorrhage had had another cause (tumors, massive 
hypertensive hemorrhage, hemorrhagic diathesis and others) or no cause 
for the hemorrhage could be found. Seven patients had an aneurysm and 
an angioma. Multiple aneurysms were found in 110 patients, i.e. in 9% 
of all cases of aneurysms reported on. 
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For the further evaluation the instances of mUltiple aneurysms and the 
54 aneurysms and 44 angiomas that were found during an operation or 
post mortem, and not through the diagnostic procedure, were not con
sidered. The seven cases where an aneurysm and an angioma occurred to
gether were also omitted. The final evaluation was done on 1045 single 
aneurysms, 164 angiomas and 829 cases of hemorrhage with another cause 
(miscellaneous), a total of 2038 cases. 

Figure 1 shows a breakdown of the patients with aneurysms, angiomas 
and miscellaneous hemorrhages according to age and sex. 

Figure 2 gives information on the interval of time between hemorrhage 
and admission to hospital and the patient's condition at admission. 
For greater clarity, grades I and II and IV to VI were combined. Most 
patients were admitted to hospital within the first twenty-four hours 
of the hemorrhage; this is especially true for patients whose condition 
was serious. The frequency of different symptoms and factors in the 
case history is shown in Figure 3. Headaches were observed in almost 
the same percentage of cases of aneurysms (29%), angiomas (31%) and 
miscellaneous hemorrhages (24%). Conspicuous is the high percentage 
of hypertensive patients in the group of miscellaneous hemorrhages 
(44%) and in the patients with aneurysms (30%). Only 7% of patients 
with angiomas were hypertensive. Previous hemorrhages were found in 
18% of patients with aneurysms, in 10% of patients with angiomas and 
in 5% of patients with hemorrhages from miscellaneous causes. Diabetes, 
a bleeding tendency and hemorrhages due to anticoagulant medication oc
curred only rarely and then most frequently in the miscellaneous group. 

A lumbar puncture as an indication of the intracranial hemorrhage was 
performed in 1451 or 71% of all cases. Bloody or xanthochromic cerebro
spinal fluid was found in 1369 (94%) cases. In 505 cases (35% of all 
lumbar punctures) the cerebrospinal pressure was measured and 190 times 
(38% of these cases) an elevated or even greatly elevated pressure was 
found. In 1843 cases (90%) a CT examination was made. Of these examina
tions 94% were performed on patients in a serious condition (grades V 
or VI) within the first twenty-four hours. It was done immediately, 
i.e. within the first twenty-four hours, on only 53% of patients whose 
condition was less serious (grades I and II). Figure 4 shows the clin
ical findings of the CT examination. Whereas the greater percentage of 
the aneurysms had subarachnoid hemorrhage, in those patients with 
angiomas or hemorrhages from miscellaneous causes an intracerebral 
hematoma, a hyperdense focus or a mass effect were found. Of 914 cases 
examined a direct demonstration of the aneurysm by computed tomography 
was possible in 67 cases without contrast medium; with contrast medium 
a further 57 aneurysms were found. That is to say, 124 cases or 13.6% 
of the 914 aneurysms could be shown by computed tomography. The per
centage of angiomas shown in this way was even higher - 56 of 151 cases 
or 37%. With computed tomography 39 angiomas could be found without 
contrast medium and a further 17 angiomas with. 

Whereas the CT-examination was usually carried out soon after the 
patient's admission to hospital, angiography, as a more involved in
vasive method of examination, was not performed until later on. Angio
grams were made in a total of 1638 patients (82% of all cases). The 
patient's condition was more important in determining when the arterio
graphy was done, than was the case with the CT examination. The angio
graphic examination was made of 72% of patients whose condition was 
serious (grades V and VI) within the first twenty-four hours of admis
sion to hospital and of only 24% of patients whose condition was good 
(grades I and II). Figure 5 shows a breakdown of the single aneurysms 
shown in angiography according to location and sex. It shows that an-
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eurysms tended to be found in the right hemisphere and in the female 
sex. Aneurysms of the anterior communication artery were found most 
frequently and, in contrast to all other aneurysms, occurred most often 
in males. 

In 43% of the cases reported on, the size of the aneurysm was less than 
5 mm, in 49% it was between 5 mm and 2 cm and in 6% it was larger than 
2 cm. In 2% of the cases no size was given. 

Table 1 shows the location of the angioma in relation to the vascular 
zone demonstrated in the angiogram. The angiomas occurred mainly on the 
carotid circulation with a slight preference for the left hemisphere. 

Vasospasm accompanied the aneurysm in 36% of all cases, the miscella
neous hemorrhages in 15% of all cases and the angiomas in only 5% of 
all cases. The frequency of vasospasm accompanying aneurysms in rela
tion to the interval of time between hemorrhage and angiogram is shown 
in Table 2. Conspicuous is the frequent occurrence of vasospasm within 
the first forty-eight hours and, in contrast, its slight occurrence be
tween the second and fourth day after the hemorrhage. Between the fourth 
and the fifteenth day it occurs again as frequently as during the first 
forty-eight hours and after the fifteenth day its frequency again drops. 
In patients who had already had intracranial hemorrhage on some previous 
occasion vasospasm occurred within the first forty-eight hours of the 
hemorrhage, more frequently than later on. Table 3 shows the occurrence 
of vasospasm and the location of the aneurysm. 

Table 1. Distribution of location in 164 angiomas 

Location 

Right carotid system 
Left carotid system 
Right and left carotid system 
Vertebro-basilar system 
Right carotid and vertebro-basilar system 
Left carotid and vertebro-basilar system 
Right and left carotid and vertebro-basilar system 

Table 2. Time of angiography and incidence of vasospasm 
in 967 cases 

No. 

59 
67 

3 
19 

8 
7 
1 

Days after onset of the last SAH 
before admission 

o - 2 2 - 4 4 - 15 15 

One attack n=793 56 (142 ) 36 (134 ) 147 (363 ) 49 
before admission 39% 27% 41% 32% 

More than one attack n=174 13 (23) 11 (29) 26 (69) 14 
before admission 57% 38% 38% 26% 

Total n=976 69 (165 ) 47 (163 ) 173 (432) 63 
42% 29% 40% 30% 

-> 

(154) 

(53 ) 

(207) 
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Table 3. Location of aneurysm and vasospasm in 1040 single 
aneurysms 

Site No. Spasm % 

Anterior cerebral artery 61 26 43 
Middle cerebral artery 220 91 42 
Basilar artery 32 13 41 
Anterior comm. artery 415 158 38 
Posterior comm. artery 51 16 31 
Internal carotid artery 243 71 29 
Vertebral artery 18 2 1 1 

Table 4. Timing of surgery in 848 aneurysms after hemorrhage 

~) Operations within 48 hours 

Grade at admission and operation 

Operation 

Gra de I II III IV V VI 

I ~, 
II 1 '3 1 1 

III '2 
"" 

1 

IV 1~ 5 

V 1~ 1 

VI 3 

1 3 3 16 19 ~ 
Operation 

0 

6 

3 

19 

15 

3 

~6 

Preoperative condition and operative results 
on discharge 

Grade E~cellPnt Good Fair Poor Exitus 

J (n= 1) 1 

II (n; 3) 1 1 1 

lII(n; 3) 2 1 

-V/(n;3!1 2 7 3 7 20 

b) Operations within 2 to 4 days 
Grade at admission and operation 

Operation 

Gra de I II 1Il IV V VI 

I r'-3 " 
II 13 3 

III 2 '"3 2 

IV 2 3 7, 1 

V 1 '"2 
'" 

VI 1 '1 
" 3 17 6 12 ~ 2 

Operation 

14 

3 

16 

7 

13 

3 

2 

~~ 

Preoperative condition and operative results 
on discharge 

G rade Excellent Good FOlr Aoar Ex/Ius 

I (n;.lI 1 2 

II (n0l7) 6 5 2 ~ 

lII(n; 6) 1 2 3 

-VI(nol8) 2 5 1 10 



c) Operations within 4 to 15 days 
Gradf! at admission and opf!ration 

Gra 

c 
.~ 

d. 

I 

Opf!ration 

I II 

20 2 

~ II 39 83 

IJJ 2 14 

IV 1 19 

V 

VI 

62 118 

IJJ IV V VI 

2 1 

10 5 1 

26 4 1 1 

12 20 1 

1 7 5, 1 

1 

""" 51 38 8 2 
Opf!ration 

25 

138 

48 

53 

14 

27 

Prf!opuatiVf! condition and opf!rativf! rf!suits 
on discharge 

Grade Exc~lI~nl Good Fair Poor Exitus 

I (n;62) 45 6 4 7 

II (n;118) 64 21 11 3 19 

III (n;51) 19 14 3 3 12 

-VI(n;48) 4 6 B 6 24 

d) Operation after 15 days and later 
Gradf! at admission and operation 

Operation 

Gr ad. I II IJJ IV V VI 

I 52 7 1 1 

II 48 83 11 6 

IJJ 4 14 40 5 1 2 

IV 12 17 25 15 3 

V 4 7 6 1', 
" 

VI 1 

""" 
116 125 85 32 6 2 

Operation 

61 

148 

66 

72 

18 

36 

Prf!opuatiVf! condition and opf!rative results 
on discharge 

Grade l&ct'lI~nl Good Fair Poor Exitus 

I (n;116) 95 11 2 1 7 

II (n;125) 79 26 6 6 8 

/I (n; 851 17 43 13 7 5 

VI(n;401 3 4 7 10 16 

e) Operation within 10 to 21 days 
Grade at admission and opf!ration 

Opf!ration 

Gr ad. I II IJJ IV V VI 

I 21, 1 

II 14 32 3 2 

III 4 22 1 

IV 5 3 '4 " 1 

V 

"" IV ~ 
35 41 29 6 2 0 

Operation 

22 

51 

27 

13 

0 

0 

113 

Preoperative condition and operative results 
on discharge 

Grao I iExc!'IIMI Good Fair Poor ExitIJs 

I (n:35) 30 3 2 

II (n;41) 27 7 2 5 

III (n;29) 11 9 4 1 4 

V-VIIn; 8) 1 7 
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Table 4a - e show the time of the operation and the patient's condition 
on discharge, in 848 cases of single aneurysms. After a hemorrhage the 
operation was performed within the first forty-eight hours, between the 
second and fourth day, between the fourth and fifteenth day and after 
the fifteenth day. Since in the questionnaire the intervals of time be
tween the hemorrhage and the admission to hospital and between the ad
mission to hospital and diagnosis and operation were different catego
ries there were a number of patients whose time of operation could not 
be worked into this scheme. These were cases operated on between the 
tenth and twenty-first day. These results are shown in Fig. ge. 

The charts show the patient's condition on admission to hospital and 
at the time of operation and the result on discharge compared to the 
condition at the time of operation. Here one can see how many patients 
improved between the time of admission to hospital and the time of the 
operation (below the diagonal line) and how many got worse (above the 
diagonal line). The patient's condition at discharge was judged ac
cording to his/her ability to work. "Excellent" means fully able to 
work, "good" partially able to work, "fair" unable to work, "poor" un
able to work and dependent on help from another. 

In only 5.4% of all cases was an operation performed within forty-eight 
hours of the hemorrhage. Most of these patients were in a serious con
dition (grades IV to VI) and died after the operation. Of the seven 
patients who were in better condition (grades I to III) when operated 
on, only one died after the operation. The mortality rate of patients 
operated on in this period was 46%. Although the number of patients 
in a serious condition (grades IV to VI) among those operated on be
tween the second and fourth day was markedly fewer than in the above
mentioned group the mortality rate here was almost as high, namely 43%. 
The reason for this is the much higher mortality rate in grades I to 
III. The mortality rate in patients operated on between the fourth and 
fifteenth day was 22%, in patients operated on after the fifteenth day 
10%. In patients operated on between the tenth and twenty-first day the 
mortality rate was 14%. 

Of those patients operated on within the first forty-eight hours 30% 
were fully or partially able to work. For the following periods, i.e. 
the second to the fourth day, the fourth to the fifteenth day and 
after the fifteenth day, the percentages were 34, 64, and 76 respec
tively. In the group of patients operated on between the tenth and 
twenty-first day the percentage was 77. 

Patients in whom vasospasm was found before the operation show poorer 
postoperative results than those in whom pre-operatively no vascular 
constrictions were found. 

Discussion 

The main causes of the intracranial, non-traumatic hemorrhages in this 
cooperative study were aneurysms and angiomas and, in the large mis
cellaneous group, massive hypertensive bleeding. In comparison with 
the Cooperative Study of Intracranial Aneurysms and Subarachnoid 
Hemorrhage (11, 12) there is an almost identical percentage of an
eurysms (54% and 51%) and angiomas (9% and 8%). The age and sex break
down in cases of aneurysms, with a prevalence of female patients and 
an onset of the disorder in the sixth decade of life also corresponds 
to the results in LOCKSLEY's study. 

Extensive Japanese studies (24, 27) have, however, shown a predominance 
of male patients in a similar-age-group. While PERRET (12) found no ' 
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great differences in the number of male and female patients with 
angiomas, ALBERT (1) had more male patients and an earlier onset of 
the disorder as did this cooperative study. 

This study confirms the rarity of vasospasm in angiomas. In this study 
vasospasm accompanied the angioma in only 5% of the cases; NISHIMORA 
(17) found vasospasm in only 6 of 52 cases. In SASAKI's study vaso
spasm was found only in one of 12 cases (21). Vasospasm accompanies 
an aneurysm much more often. Other authorS-have found it in from 21 
to 62% of all cases (2-6, 12, 15, 18, 23, 26). In this study vasospasm 
could be shown in 36% of the single-aneurysms that were angiographed. 
The frequent occurrence of vasospasm shortly after the hemorrhage is 
conspicuous. A frequent occurrence of vasospasm within the first two 
days of the hemorrhage was also found by ALLOCK and OHTA (2, 18), while 
KWAK, HAMER (5, 12) and others found only a slight incidence during 
this period of time. Hemorrhages previous to the one leading to ad
mission influence to a great extent the possibility of vasospasm oc
curring. When an angiogram is made within the first forty-eight hours 
or the first four days of a hemorrhage there is a higher incidence of 
vasospasm in patients with, than in patients without, previous hem
orrhages. When the angiogram is made at a later date, the incidence 
is lower. 

The question of the most opportune time for an operation after rupture 
of an aneurysm has been often discussed in the last few years (7-11, 
li, l§, 20, ~, ~). To avoid possible complications from recurring 
hemorrhages or vasospasm, an early operation on patients in good condi
tion - i.e. within the first three days or even the first forty-eight 
hours of the hemorrhage - has often been recommended. Since in this 
study only a small number of patients was operated on within the first 
forty-eight hours, a definitive judgement cannot be made on this, es
pecially since most of these patients were in a serious condition. In 
the following interval of time, i.e. from the second to the fourth day, 
the high mortality rate of patients operated on in a good condition 
(grades I to III) is conspicuous. Other authors also give unsatisfac
tory results of operations performed between the third and seventh day 
of the hemorrhage (8, 9, 22, 25). As far as the patient's ability to 
work and the mortalIty-rate are concerned the best results are found 
when operations are performed after the fifteenth day, especially on 
patients in good condition. It is worth mentioning that of the patients 
who were operated on within the first forty-eight hours of the hemor
rhage and whose pre-operative condition was serious (grades IV to VI) 
23% were able to work again, at least partially, afterwards. When 
operated on between the second and fourth day 11% were able to work 
afterwards, between the fourth and fifteenth day it was 18% and after 
the fifteenth day 21% (patients with grades IV to VI). 

Summary 

In this cooperative study in which 24 university and hospital depart
ments of neurosurgery in Germany and Austria took part, data could for 
the first time be compiled from a great number of cases of acute, non
traumatic intracranial hemorrhage. The results given here contain in
formation on the diagnostic procedures, the findings and the subsequent 
treatment. The results are comparable with those of similar studies 
published earlier. 
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Acute, Non-Traumatic Intracranial Hemorrhage -
Treatment and Prognosis 

E. Kraus and J. Hedderich 
Neurochirurgische Universitatsklinik Kiel, Weimarer Strasse 8, D-2300 Kiell 

Introduction 

The questionnaire worked out for the cooperative study of acute, non
traumatic intracranial hemorrhage dealt with, in their relation to the 
treatment and prognosis, the pre-operative treatment (measures, length 
of time they were carried out and their results) and the operative 
treatment. Of special importance was when the operation was performed 
and the patient's neurological condition at that time. The division 
into grades of severity given in Part 1 is in keeping with the Inter
national Cooperative Study. 

Further aspects of the series of questions in the questionnaire were 
the postoperative condition 10 and 20 days after the operation, the 
results of the postoperative angiography and the postoperative com
plications. 

To facilitate the judging of the patient's condition at the time of 
discharge and during the follow-up period a socially and medically 
weighted division into grades of severity was chosen. The objective 
criterion here was the extent of the patient's ability to work: 

Excellent: 

Good: 

Fair: 

Poor: 
Dead: 

No or only slight physical, neurological or psychic 
sequelae following the hemorrhage, without a reduction 
in the patient's ability to work 
Physical, neurological or psychic consecutive symptoms 
which reduced the patient's ability to work 
Physical, neurological or psychic deficiency symptoms, 
unable to work 
Dependent on help from another person 

When devising the questionnaire we purposely did not allow for all 
eventualities, so as to permit a certain measure of flexibility in 
the judgement of individual cases. Our intention here produced not 
only positive results since as a result some of the participants failed 
to supply valuable information. To this situation must also be ascribed 
the fact that in a number of cases no clear distinction was made be
tween conservative and pre-operative treatment, meaning - in the case 
of a death after an aneurysmal hemorrhage before the final operation, 
for example - that an exact calculation of the entire management mor
tality was not possible. 

Advances in Neurosurgery. Vol. II 23 
Edited by H.-P. Jensen. M. Brock, and M. Klinger 
© Springer-Verlag Berlin Heidelberg 1983 



From the wealth of information gathered only the most important aspects 
can be discussed here. 

Results 

Of the 2038 intracranial hemorrhages that corresponded to the criteria 
of selection and were therefore considered more closely, 62.7% were 
operated on (Table 1) viz. 891 aneurysms, 132 angiomas and 254 of the 
heterogeneous group of miscellaneous hemorrhages. 

Conservative Treatment 

The conservatively treated cases are made up mainly of those subarach
noid hemorrhages where no bleeding-source could be found and where 
there was no indication for an operation, and of the cases in which 
the patients refused to be operated on or where an operation did not 
seem possible. Here it is worthy of note that there was little differ
ence in the neurological condition of the conservatively treated pa
tients at the time of admission to the hospital (if the causes of the 
hemorrhage are considered separately). In each group approximately one 
half of the cases had disturbances of consciousness, one sixth focal 
symptoms and one third only slight or no symptoms (Table 2). But the 
results of the treatment differ greatly; a mortality rate of 60% was 
observed in cases of aneurysms not operated on and of 19% in cases of 
angiomas not operated on. The number of patients who were in excellent 
condition when discharged and who had only slight or no sequelae after 
the hemorrhage was the reverse; there were three and a half times as 
many angioma as aneurysm patients. 

The conservative or pre-operative methods of treatment, including pre
paratory operations, are listed in Table 3. Cortisone, dehydration, 
sedatives, antihypertensive and antifibrinolytic agents were used most 
frequently. The cause of the hemorrhage determined how often each of 
these was used. Ventricular drainage was performed in 101 cases. Of 
these, 71 were hemorrhages from the ventricle (445 cases) and in 30 
cases there was another indication for the operation. The results of 
the conservative or pre-operative treatment are shown in Table 4. 

Recurrent hemorrhages were observed most often with aneurysms, namely 
in 10.6% of all cases. The more serious the patient's condition on ad
mission to hospital, the more likely a recurrence of the hemorrhage 
was. With patients of grade I there was a recurrence in 5.4% of the 
cases, with patients of grade II in 5.9%, of grade III in 13.2%, of 
grade IV in 18.8%, of grade in 13.0% and of grade VI in 25.0%. 

This also holds true for the angiomas where in grades I to III there 
was a recurrence in 3% of the cases and in grades IV to VI in 8.9%, 

Table 1. Acute, non-traumatic intracranial hemorrage: 2038 cases 

Causes Number Operations 

Aneurysms 1045 51,3 %) 891 (85,3%) 
Angiomas 164 8,0%) 132 (80,5% ) 
Miscellaneous cases 829 40,7% ) 254 (30,6%) 

Total 2038 (100 %) 1277 (62,7%) 
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Table 2. Results of conservative treatment 

Admission 

Grade 

I 
II 
III 
IV 
V 
VI 

Discharge 

Aneurysms 
No. 154 

3 
27 
24 
30 

9 
7 

Angiomas Miscellaneous 
No. 32 010. 578 

22 6 
9 28 

16 17 
28 23 
16 14 

9 12 

cases 

Grade Aneurysms Angiomas Miscellaneous cases 

Excellent 
Good 
Fair 
Poor 
Dead 

No. 154 

17 
13 

5 
5 

60 

No. 32 No. 578 

59 39 
13 15 

6 8 
3 6 

19 32 

Table 3. Conservative or preoperative treatment (in %) 

Methods Aneurysms Angiomas 
n = 1045 n = 164 

Ventricular drainage 3.7 3.1 
Lumbar drainage 2.2 0 
Intracranial pressure monitoring 1.4 0.6 
Shunt operation 3.5 2.5 
Dexamethasone 68.8 73.6 
Dehydrating hypertonic agents 18.3 19.0 
Fluid restriction 10.5 9.8 
Diuretics 8. 1 11.7 
Sedatives 53.3 36.8 
Antihypertensives 26.5 9.2 
Antifibrinolytics 37.5 16.0 

Misc. cases 
n = 829 

7. 1 
0.5 
2.7 
3.6 

63.7 
25.8 
16.4 
17.6 
39.8 
34.9 
21.2 

Table 4. Clinical course under conservative or preoperative treatment 
(in %) 

Condition Aneurysms Angiomas Misce 11. cases Total 
n = 1045 n = 164 n = 829 n = 2038 

Improved 30.2 32. 1 26.7 29.0 
Unchanged 50.9 59.3 44.4 48.9 
Deteriorated 18.9 8.6 28.9 22. 1 

Recurrent 
hemorrhage 10.6 5. 1 7.3 
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and for the miscellaneous hemorrhages where the figures were 1.8% and 
4.5% respectively. 

A recurrent hemorrhage was observed more frequently when vasospasm was 
also present. With the aneurysms there was a recurrence in 12.7% of 
cases with vasospasm, but only in 9.6% of cases where no spasm was 
found. The corresponding figures for the miscellaneous hemorrhages 
are 4.2% and 1.9%. The angiomas are an exception; no recurrence of 
hemorrhage was observed in cases where spasm had followed the hemor
rhage from the angioma. 

The probability of a recurrent hemorrhage increases with the size of 
the aneurysm. With aneurysms of up to 5 mm there was a recurrence in 
10% of the cases whereas the percentage was 11.4 in aneurysms of up 
to 2 cm and 15.3 in aneurysms of over 2 em. There was, however, no re
lationship between a recurrence of the hemorrhage and a previous hemor
rhage. The results of this study do not allow any judgement on the ef
fects and success of antifibrinolytic therapy. 

Operative Treatment 

Miscellaneous cases. With the heterogeneous group of miscellaneous 
cases the operative measure was usually the removal of a space-occu
pying intracerebral hematoma. At the time of admission to hospital 
70% of all cases were suffering from a serious cerebral functional 
disturbance and a disturbance of consciousness. At the time of the 
operation this percentage was even somewhat higher, namely 74% (Table 
5). The operative mortality rate was 39% as against a mortality rate 
of 32% in cases of miscellaneous hemorrhages not operated on. In cases 
with a ventricular hemorrhage the mortality rate rose to 61%. This 
makes the fact all the more surprising that almost 10% of patients 
with ventricular hemorrhages were later fully able to work and 11% 
were partially able to work. The results of operations on patients 
receiving anticoagulant therapy were somewhat less favourable than 
for the group of miscellaneous cases as a whole. The cases showing 
a hemorrhagic diathesis had even worse results. 

Angiomas. Of the 164 patients with hemorrhage due to arteriovenous 
malformation 132 were operated on and 32 received conservative therapy. 
In 130 cases an intracranial operation was performed; these operations 
can be broken down into one embolisation, nine partial resections and 
120 extirpations of the angioma. 

As Table 6 shows, the condition of patients on admission to hospital 
was the worst; by the time of the operation it had improved remarkedly 

Table 5. Surgical results in 248 miscellaneous cases. Classification 
of grading see text 

Grade Admission Operation Grade Discharge 
No. % No. % No. % 

I 2 1 3 1 Excellent 44 18 
II 13 5 16 6 Good 50 20 
III 59 24 46 19 Fair 20 8 
IV 89 35 88 36 Poor 37 15 
V 65 26 67 27 Dead 97 39 
VI 23 9 28 11 
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Table 6. Surgical results in 132 angiomas. Classification of grading 
see text 

Grade Admission Operation Grade Discharge 
No % No. % No. % 

I 15 11 28 21 Excellent 66 50 
II 28 21 31 23 Good 42 32 
III 42 32 39 30 Fair 7 5 
IV 32 24 18 14 Poor 1 1 
V 14 11 13 10 Dead 16 12 
VI 1 1 3 2 

and at the time of discharge 50% of the angioma patients operated on 
showed only slight or no sequelae and were fully able to work. The 
operative mortality rate was 12% here compared with a mortality rate 
of 19% in the group not operated on and 24% in the group with ventri
cular hemorrhage of whom one third or 32% nevertheless were in ex
cellent condition on discharge. Of the seven cases with pre-operative 
spasm four were in excellent and three in good condition when dis
charged; all seven were able to work. 

It is interesting to note that between the time of admission to hos
pital and operation the neurological status of only eight patients 
had deteriorated and only in three cases was this deterioration greater 
than one grade of severity. This fact is to be explained by the rel
atively rare recurrence of hemorrhage and vasospasm and the fact that 
hemorrhages due to arteriovenous malformation were operated on rel
atively soon after admission to hospital. Of the angioma operations 
17% were performed within forty-eight hours of the hemorrhage and 24% 
within the first ninety-six hours. 

Aneurysms. Of the 1045 ruptured single aneurysms 891 were operated on, 
and of these the typical clip procedure was used in 851 cases. In the 
remaining 40 cases carotid ligation, catheter or other operative meth
ods were employed. At the time of operation the condition of over 60% 
(61.4%) of the patients was grades I and II; this is an improvement 
of 6.5% over the condition on admission to hospital. Similarly, the 
percentage of patients with a disturbance of consciousness decreased 
by 8.4%, so that by the time of operation 18% of the patients still 
had a disturbance of consciousness. 

It became obvious that some departments of neurosurgery partiCipating 
were more, some less generous in their indications for operation. This 
study also includes cases in which an operation was performed only 
as a last resort, with only a very limited chances of success. In 
this way this study differs from many other publications in which the 
cases included were carefully chosen. This must be kept in mind when 
the average results of all operations are considered. The results of 
the operations were excellent in 48% of all cases, good in 20%, fair 
in 9% and poor in 5% (Table 7). 

In the cases where clipping was performed the operative mortality rate 
was 18%, i.e. less than a third of the mortality rate in the cases not 
operated on. For each grade of severity at the time of admission and 
operation the mortality rate here was lower than with the conservative
ly treated patients. The operative mortality rate in the 40 cases in 
which other operative techniques were used was 30% (12 cases). 
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Table 7. Preoperative grade and result on discharge in 851 aneurysms. 
Classification of grading see text 

Excellent Good Fair Poor Dead 

Grade No. No. % No. % No. % No. % No. % 

I 217 172 79 20 9 8 4 1 0 16 7 
II 306 178 58 60 19 22 7 9 3 37 12 
III 175 48 28 69 39 23 13 11 6 24 14 
IV 104 11 11 15 14 20 19 14 14 44 42 
V 39 1 3 4 10 7 18 27 69 
VI 10 2 20 2 20 6 60 

Total 851 409 48 167 20 77 9 44 5 154 18 

The extent of the cerebral functional disturbance as indicated by the 
grade of severity very definitely determines the outcome of operation. 
The differences here are very obvious (Table 7). According to the neu
rological grade of severity the excellent and good operative results 
range from 90% to 3% and the mortality rate from 7% to almost 70%. 

During the period in which the study was carried out (1978 - 1980) 
immediate and early operations were performed only rarely. A mere 46 
patients, i.e. 5.4%, were operated on within the first forty-eight 
hours of the hemorrhage and a further 44 or 5.2% within the first 
ninety-six hours. 

In the instances where an operation was performed immediately, i.e. 
within the first forty-eight hours of the hemorrhage, the condition 
of only 9% of the patients was grades I and II whereas 45% of the pa
tients operated on after three to four days were from grades I and II, 
65% from five to fifteen days and 66% when the operation was performed 
even later. Since only 10% of the operations discussed here were im
mediate or early operations and two thirds of these were doubtless 
emergency operations on patients from grades IV to VI, any judgement 
on the influence of the timing of operation on its outcome, does not 
seem appropriate. 

We must emphasize that for the period of this study (1978 - 1980) the 
operations performed immediately were primarily emergency operations. 
The conclusions of the detailed discussion on the question of timing 
at the 31st annual meeting of the German Neurological Society at Er
langen in 1980 had no consequences for this study. 

Our statistics show that the outcome of the operation bears a direct 
relationship to the patient's pre-operative condition. In spite of the 
extent of the study no binding claim can be made about the relevance 
of the timing of the operation, i.e. at what time after the hemorrhage 
the operation is performed, for the final outcome. 

How other factors influenced the outcome of operation was also in
vestigated, constitutional factors such as age and sex, risk factors 
such as high blood pressure and arteriosclerosis and especially the 
factors that are characteristic of this disorder, namely pre- and 
post-operative vasospasm, recurrent hemorrhage, blood in the sub
arachnoid space, intracerebral hematoma, ventricular hemorrhage and 
mass effects and finally the size and location of the aneurysm. The 
surgical results for each of these factors in relation to the pre
operative condition of the patient will not be set out in detail here. 
It has already been discussed elsewhere (~). 
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As was to be expected, the worst results were from patients with a 
recurrent hemorrhage and pre-operative spasm, high blood pressure and 
patients in advanced age. This is also true of cases where there was 
a large intracerebral hematoma and mass effect, ventricular hemorrhage, 
serious arteriosclerosis and especially the occurrence of post-operative 
generalized spasm. 

Post-Operative Angiography and Complications 

Angiography was carried out post-operatively in 275 cases; in 202 an
eurysms, 60 angiomas and 15 of the miscellaneous cases. In 23% of the 
aneurysms a local vasospasm was found, in 9% a generalized one. In 
approxiamtely one half of the cases (46%) with a postoperative spasm, 
spasm had also been found in the pre-operative angiogram. With the 
angiomas and miscellaneous cases the number with spasm, 5 and 3 .re
spectively, was very low. 

Further findings from the angiography in relation to elimination of 
the source of bleeding and arterial occlusion are to be found in 
Table 8. 

The complications after operations for aneurysm and angioma listed in 
Table 9 differ in many respects. 

Follow-up 

The follow-up results of the patients operated on show an interesting 
difference when compared to the follow-up results of patients not 
operated on. Where the period of observation was between one month and 
four years the mortality rate in cases of aneurysmal hemorrhage not 
operated on was 53%. The surgical cases had an operative mortality rate 
of 18%; the mortality rate of a three months period of observation was 

Table 8. Postoperative angiography of 202 aneurysms and 60 angiomas 

Findings 

Source of bleeding eliminated 
total 
partial 
no 

Arterial occlusion 

Aneurysms 
n = 202 

185 (91.6%) 
12 ( 5.9%) 

5 ( 2.5%) 

18 8.9%) 

Table 9. Postoperative complications 

Complications Aneurysms Angiomas 

Hemorrhage 4.7 6.2 
Brain edema 25.0 14.6 
Ischemic lesion 23.6 6.9 
Seizures 3.5 6.9 
Meningitis 1.3 0.8 
Wound infection 4.8 5.3 
Pulmonary 11.3 8.5 
Cardiovascular 9.5 6.2 

Angiomas 
n = 60 

52 (86.7%) 
7 (11.7%) 
1 (1.7%) 

4 6.7%) 
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13%, from four to twelve months 3% and after one year 1%. In all, the 
mortality rate for the period of observation was 4%. Accordingly, in 
this period the percentage of patients with full ability to work who 
had been operated on rose from 66 to 75 while in the cases not oper
ated on it was 21. 

The late mortality rate of patients with angiomas not operated on was 
17%, in those operated on 3%. Of patients with angiomas not operated 
on 58% regained full ability to work as against 74% of the cases where 
an operation was performed. 

Discussion 

After the diagnosis has been made and the cause of the hemorrhage 
identified, the treatment of acute, non-traumatic intracranial hemor
rhage varies. In keeping with the clinical picture and the possible 
sequelae and risks of hemorrhages due to ruptured aneurysms and 
angiomas and other hemorrhages of hypertensive and vascular origin, 
the conservative or pre-operative methods of treatment and their 
success vary. 

The frequency and occurrence of rebleeding and the clinical course of 
conservative or pre-operative treatment are corroborated by other 
authors (1, 2, 12)· 

Due to the heterogeneous make-up of our group of miscellaneous cases 
it is difficult to compare the results of operations here with results 
described in other publications; as far as numbers are concerned they 
would seem to be comparable with the results of other investigators 
(~, 11)· 

In our study the results of operations on angiomas were excellent in 
50% of the cases reported on, good in 32%, fair in 5% and poor in 1%. 
The mortality rate was 12%. Results of angioma operations described 
elsewhere vary greatly, showing mortality rates of between 4% (6) and 
14% (9). -

In cases of aneurysms the outcome of the operation is definitely de
termined by the patient's neurological condition (3). In patients from 
grade I the mortality rate was 7%, a rate which rose in grades V and 
VI to 69% and 60% respectively. The percentage of "excellent" results 
fell correspondingly from 79 to O. 

The operative mortality rate in our study was 18%, while in the Co
operative Aneurysm Study it was 30% (7). The mortality rate in the 
Cooperative Aneurysm Study three months after the hemorrhage was 36% (4). 

Summary 

The purpose of this study was to provide information on the diagnosis 
and treatment of acute, non-traumatic intracranial hemorrhage in Ger
many and Austria. Although many very different clinics took part and 
the data were compiled without pre-selection, the results can be judged 
to be thoroughly satisfactory. 
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Acute, Non-Traumatic Intracranial Hemorrhage - Critical Remarks on 
the Results of the Cooperative Study 

H. -P. Jensen 
Neurochirurgische Universitatsklinik Kiel, Weimarer Strasse 8, D-2300 Kiell 

Patients with acute, non-traumatic intracranial hemorrhages usually 
make up a large percentage of all patients in departments of neuro
surgery. Not until the cause, type and extent of the hemorrhage has 
been clarified can a decision be made as to whether an operation is 
possible and indicated or whether a conservative method of treatment 
is preferable. For this very important decision the introduction of 
computed tomography has meant great progress. 

This study was carried out over a period of three years (1978 - 1980) 
during which time most major university and hospital departments of 
neurosurgery had computed tomography at their disposal. 

Our aim in this cooperative study was to find out how soon after the 
hemorrhage and in what condition the patients come to the hospital; 
which diagnostic procedures are carried out, when and in what form; 
and at what intervals of time and with what results further treatment 
is undertaken. 

Therefore, the results can really not be compared with publications 
dealing primarily or exclusively with the treatment of aneurysms or 
angiomas even though these were the source of the hemorrhage in a 
great number of the cases reported on. And, against the usual practice 
of other cooperative studies, there was no selection as to which 
university and hospital departments would participate. On the con
trary, in May 1981 all departments of neurosurgery, neurology and 
neuro-radiology in German speaking countries in continental Europe 
were invited to take part. 

A very detailed questionnaire was worked out. Twenty-four clinical 
centers participated, returning 2629 completed questionnaires, 2312 
of these were evaluated statistically. The number of cases reported 
on by the individual centres varied from 10 to 265. Eleven departments 
had had less than 60 cases and eight had had more than 150 cases 
(Fig. 1). As the period of the study was three years, 11 of the de
partments had thus treated fewer than 20 cases a year and 8 more than 
50. 

This indicates that the individual values of the statistical evalua
tion of the study cannot be seen to be representative either for the 
individual departments taking part or for neurosurgery in Germany 
and Austria. 
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It is obvious that in a cooperative study of such a nature many im
portant results - and especially experiences made by individual sur
geons - hardly appear in the results which are only average values. 
For this reason we owe a vote of thanks to all those colleagues who 
took the time and participated in this study. 

The value of such an investigation lies in the great number of cases 
reported on. My co-workers SCHElL and KRAUS have brought together a 
number of interesting facts, a few of which I would like to emphasize. 
With such a great number of cases it is doubtless of great importance 
that the cause of the hemorrhage in 54% of them was aneurysms, in 9% 
angiomatous malformations and in 37% other factors. These percentages 
differ greatly from clinic to clinic. Seven patients had both an an
eurysm and an angioma. In 9% of all cases of aneurysms there were 
multiple aneurysms. 

The hemorrhages from aneurysms and those from other causes occurred 
mainly in patients between 50 and 70 years of age. There is a rel
atively even distribution of occurrence of the angiomas between the 
second and the seventh decade of life. Women, with 55%, had more 
aneurysms; men, with 59%, suffered more angiomas. In addition, men 
were more often represented in the group of hemorrhages from other 
causes where the percentage was 54. 

The interval of time between the hemorrhage and admission to the hos
pital is obviously related to the degree of severity of the clinical 
picture. Patients in a serious condition generally go to a neurosur
gical department right away - something that is especially true for 
vascular causes and hypertensive hemorrhages. Doubtless there has been 
a great change in Germany in this area in the last few years. Today 
many more patients who have suffered a stroke or a cerebral hemorrhage 
from an unknown cause initially go to a department of neurosurgery. 
Diagnosis and treatment in such cases used to be carried out more 
often in departments of non-operative medicine. This new development 
is due to the superior diagnostic facilities of neurosurgical depart
ments which permit a rapid clarification of the cause. 

Of special interest in our study was the importance of computed tomo
graphy. As was to be expected the CT examination was performed either 
immediately following or within twenty-four hours of admission, es
pecially with patients in serious condition (grades five and six) -
in our study in 94% of the cases reported on. With patients in a less 
serious condition (grades one and two) it was made in only 53% of the 
cases and in the remaining cases it was not made until later. The re
sults of the CT scanning show subarachnoid hemorrhages most often ac
companying aneurysms, whereas intracerebral hematomas, intraventricular 
hemorrhages and mass effects occur most frequently with angiomas and 
other bleedings. Where hyperdense areas are described relatively often 
after intracranial hemorrhages, we are dealing with calcifications or, 
as in cases of angiomas and larger aneurysms, a direct demonstration 
of the malformation. In the cases of the miscellaneous hemorrhages we 
are dealing with tumors as the cause of the hemorrhage or with diffuse 
bleeding into the parenchyma where tissue density does not yet permit 
identification as a hematoma. With the hypodense zones we are, in gen
eral, dealing with circulatory disturbances which manifest themselves 
as collateral edema following the hemorrhage or with ischemic areas 
resulting from the vascular spasm. Whether or not the aneurysm or 
angioma can be demonstrated directly - with or without enhancement -
depends on both the size of the malformation and the scanner's power 
of resolution. 
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Many of the examinations reported on in this study were undoubtedly 
made with first or second generation scanners. We are surely justified 
in our expectation that in future improved computed tomography will 
also enable us to recognize angiomas and smaller aneurysms more often. 

In connection with the results of the CT diagnosis, it is interesting 
to note that in our study a lumbar puncture, which up to now has been 
considered the classical indication of a subarachnoid hemorrhage, was 
performed as an acute diagnostic measure in only 71% of the cases. 

It is very obvious that computed tomography has become an instrument 
of great value in the diagnosis_of acute intracranial hemorrhages. 
It cannot, however, replace cerebral angiography, especially in the 
diagnosis of aneurysms and angiomas. When indicated, cerebral angio
graphy was carried out as an invasive method, generally after the CT 
examination. Whereas a CT examination was performed in 1843 cases in 
our study, that is in 90% of the cases here evaluated, cerebral angio
graphy was carried out as a second diagnostic measure in only 1683 
cases or in only 82%. The patient's condition also determined when 
the angiography was done. The angiography was done within the first 
24 hours on 72% of the patients showing grades five and six but on 
only 24% of patients showing grades one and two. 

Single aneurysms shown with angiography tended to be found more often 
in the right hemisphere and in females. Aneurysms of the anterior 
communicating artery were found most frequently and, in contrast to 
all other aneurysms, occurred most often in males. In 43% of the cases 
reported on, the size of the aneurysm was less than 5 mm, in 49% it 
was between 5 mm and 20 mm and in 6% it was larger than 20 mm. In 2% 
of the cases no size was given. 

In our study special attention was paid to vasospasm because of its 
importance especially in aneurysmal hemorrhages. Of the 976 aneurysms 
vasospasm was shown angiographically in 36% of them. The interval of 
time between hemorrhage and angiography reveals important differences. 
Vasospasm was found most often in angiograms made within the first 
48 hours of the hemorrhage (42%). Angiograms made within two to four 
days showed vasospasm in only 29% of the cases; those made between 
the fourth and the fifteenth day showed more vasospasm - namely 40% -
and in angiograms made after the fifteenth day only 30% of all cases 
showed vasospasm. They occurred most frequently in patients who had 
already had a subarachnoid hemorrhage, that is to say in 57% of the 
cases where an angiogram was made within the first 48 hours, in 38% 
when angiography was carried out between the second and the fifteenth 
day and in only 26% when an angiogram was not done until later. 
Interesting as these statistics are, they say little about the patho
physiology of cerebral vascular constriction. In the last analysis 
they only confirm what we all know from experience, namely that vas
cular spasm is frequently found longer than two weeks after a sub
arachnoid hemorrhage. 

The question of the most opportune time for operation after a sub
arachnoid hemorrhage has been much discussed in the past few years 
and often enough the extremely "early operation" has been recommended. 
During the period of time covered by our study operations were only 
rarely performed within two or four days of the hemorrhage and then 
they were generally emergency operations to remove a space-occupying 
intracerebral hematoma. The degree of severity in these cases was from 
grades four to six. Nevertheless, relatively speaking, many operations 
were performed between the fifth and the fifteenth day, even on pa
tients where the degree of severity was between grades one and three. 
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This can probably be attributed to the danger of a recurrence of the 
hemorrhage. More than half of the patients in our study were operated 
on more than two weeks after the hemorrhage. 

The results of operation are especially interesting in the cases of 
aneurysms. Once again we must point out that the results of our study 
are average values from departments where conditions and the number 
of cases treated vary greatly. In our tabular summary (Table 1 and 2) 
we have broken down the results at the time of discharge according to 
the patient's condition before operation. We have worked out the per
centage of all patients who, after the operation, were able to work 
(excellent and good) and those that were unable to work but could take 
care of themselves (fair) and those that were dependent on help from 
a third party (poor). 

Naturally, those patients whose pre-operative condition was good, that 
is grades one and two, showed the best results. More meaningful is 
nonetheless the fact that a significant number of patients from grades 
four to six could be discharged after operation in good condition. 

In a further tabular summary (Table 2) we have compiled the results 
of operation showing the pre-operative degree of severity and the 
different sites of the aneurysms. We found the best results with an
eurysms of the middle cerebral artery. The results for internal ca
rotid aneurysms were somewhat poorer. Due to the small number of cases 
the results of operations on the remaining aneurysms are not really 
comparable. Six cases of aneurysms operated on could not be included 
in this list since their location was not indicated clearly enough in 
the questionnaire. 

In conclusion it must be pointed out that our co-operative study did 
not bring any fundamentally new scientific information to light, but 
this was not to be expected - given the nature of the study and the 
fact that case data from very different departments of neurosurgery 
were compiled without pre-selection. Nevertheless, we did produce a 
comprehensive view of the prevalent treatment of acute, non-traumatic 
intracranial hemorrhages today. From this review emerges a number of 
interesting facts and it can also serve as a point of reference for 
the "quality control" of medical practice constantly being called for 
today. 

Against older, comparable studies the following points are worth 
bearing in mind: 

Table 1. 851 operations on single aneurysms: preoperative grade and 
results on discharge 

Grade No. Excello Good Fair/Poor Dead 
No. ----% -No. No. No. No. % 

I 217 172 89 20 9 4 16 7 
II 306 178 78 60 31 10 37 12 
III 175 48 67 69 34 19 24 14 
IV 104 1 1 25 15 34 33 44 42 
V 39 3 1 1 1 28 27 69 
VI 10 20 2 2 20 6 60 

Total 851 409 68 167 1 21 14 154 18 
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1. Today patients with acute intracranial hemorrhages come more fre
quently either immediately or at least much earlier than before to 
a department of neurosurgery and are not treated first for longer 
periods of time in general departments or departments of neurology 
or internal-medicine. 

2. Computed tomography was performed in almost all cases immediately 
or shortly after, admission, giving essential information on the 
cause of the hemorrhage. 

3. Cerebral angiography is used more purposefully after the CT ex
amination and is used earlier to detect the presence of aneurysms 
and angiomas. 

4. As in all other similar studies the results of operation in cases 
of aneurysms depend on the patient's condition and on the location 
of the aneurysm. 

5. Since our study is based on average values of 24 university or 
hospital departments of neurosurgery the operative results can -
compared with other studies - be judged thoroughly satisfactory. 

no ofcaseos 
300 

>150 <60 
250 

200 

150 

100 
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o 11J11111 ___ 
2 3 , 5 6 7 8 9 10 11 12 13 " 15 16 17 18 19 20 21 22 23 2' 

clinical cM/eors or deopar/meon/s 

Fig. 1. Number of case registrations in the clinical centers or depart
ments which took part in the cooperative study on acute, non-traumatic 
intracranial hemorrhage during the years of 1978, 1979 and 1980 
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Dynamic Multi-Plane CT in the Diagnosis of Intracranial Aneurysms 

D. Vonofakos, H. Hacker, and H. Grau 
Abteilung fUr Neuroradiologie, Zentrum der Radiologie, Klinikum der 
Johann Wolfgang Goethe-Universitat, Schleusenweg 2-16, D-6000 Frankfurt 

The detection of subarachnoid or intracerebral bleeding by plain 
Computer Tomography in the first days after rupture of a vascular 
malformation is easy and is based on the high density of blood clots. 
Therefore one can attempt to predict the probable site of the rup
tured malformation by analysing the location of blood clots in the 
subarachnoid spaces (~, ~, .i!., Jl., ll)· 

However the direct visualization of intracranial aneurysms after the 
use of contrast medium is possible only in a limited number of cases 
and depends on the size and location of the aneurysm and seems ques
tionable or impossible in cases of massive subarachnoid bleeding 
(1-3, 22, ~, 12)· 

The role of multi-plane dynamic CT for the direct visualization of 
vascular structures is emphasized in recent papers (i, 2, ~, 22) 

Technique 

A pre-contrast scan is always performed in any case of suspected sub
arachnoid bleeding, because it might give important diagnostic infor
mation about the location of blood clots and the probable site of a 
ruptured aneurysm. In this way we can choose the area which must be 
examined by Dynamic Multi-plane CT (Table 1) 

A total of 100 - 150 ml 66% contrast medium (Telebrix 300 1 ) is injected 
mechanically into an antecubital vein with a flow of 1 - 1.5 ml/sec. 
After the injection of about 30 ml contrast medium, a series of 2 mm 

Table 1. Location of intracranial aneurysms directly visualized by 
dynamic multi-plane CT 

Anterior communicating artery 
Internal carotid artery 
Posterior communicating artery 
Middle cerebral artery 
Vertebral/basilar artery 
Negative 

Total 

1 Byk Gulden 
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cuts with table incrementation of 2 mm is obtained at the level of 
the circle of Willis. With our Unit (Somatom 2N2) we can perform six 
scans/min maximally and thus a series of 6 - 10 scans can be obtained 
during the injection time. 

The high blood iodine concentration during the injection allows a di
rect visualization of all vascular structures because they are inten
sively opacified. The density of the basal vessels predominates over 
the density of subarachnoid or intracerebral bleeding. Therefore the 
following "High Lighting" of all the cuts allows the marking of blood 
vessels, which can be distinguished from blood clots. 

Finally with multilevel summation of the marked images the whole vas
cular anatomy of the examined area appears in a single image, while 
brain structures disappear. Consequently arteries and veins are equally 
opacified and cannot be differentiated from each other, but the ana
tomic correlation allows the recognition of the circle of Willis, an
terior and middle cerebral arteries, basilar artery, posterior and 
middle cerebral arteries, sometimes posterior communicating arteries, 
as well as temporal and tentorial veins and the sinuses. Therefore an 
aneurysm down to a few millimeters in size can be directly visualized, 
as a saccular structure adjacent to an artery. 

Results 

We have examined 19 cases, of suspected intracranial aneurysm. The 
location of the detected aneurysms is presented in the Table 1. The 
smallest one had a size of 3 mm (Fig. 2). In all cases the diagnosis 
was confirmed angiographically and in the positive cases also surgi
cally. The most difficult problem was the presence of massive sub
arachnoid bleeding in the basal cisterns and in these cases we had 
to increase the blood iodine concentration further more, i.e. the in
jection flow had to be higher (about 1.5 ml/sec) and thus densities 
of 120 - 160 Hounsfield Units could be achieved in the main blood 
vessels; densities, which lay far above the density -of blood clot. 
Representative cases in correlation to the angiogram are demonstrated 
in the Fig. 1 - 4. 

Discussion 

Multi-plane dynamic CT cannot be used for evaluation of the time 
course of enhancement patterns. It only enables a better approach to 
the intracranial morphology and especially to the vascular system, 
while functional studies are only possible by single-plane dynamic CT 
(~). 

The role of multi-plane dynamic CT in the detection of small intra
cranial aneurysms in our series of 19 cases is obvious, with a diag
nostic accuracy which approaches 100%. Giant intracranial aneurysms 
on the contrary can be easily detected by conventional Computer Tomo
graphy, but in this case the single-plane dynamic CT is of great value 
for the specific diagnosis, as we will be reporting in a future paper. 

Noteworthy is the reliability of the method in negative cases, whereby 
angiographically no aneurysm could be de~ected either. 

2 Siemens 
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Concerning the clinical value of early localization of a ruptured an
eurysm by computer tomography, before angiography, we believe that 
this is important diagnostic information arid can facilitate better 
timing of the subsequent angiography; for example, early angiogram of 
one carotid artery by direct puncture for the evaluation of spasm and 
four-vessel angiography at a later stage. 
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Fig. 1. ~ Dynamic multi-plane CT image after high-lighting and multi
level image summation. Not e the middle cere bral art e ries (arr ow he a ds) 
and the aneurysm on th.e right carot id artery (arrow); b The same pa
tient as in a. Angiographic demonstration of the c a rotId artery 
aneurysm (arr ow ) 
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Fig. 2. ~ Dynamic multi-plane CT image after high-lighting and multi
level image summation. Small aneurysm on the anterior communicating 
artery (arrow). The circle of Willis and the middle cere bral arteries 
are well recognizable; b The same patient as in a. Small aneurysm on 
the anterior communicating artery. Diameter: 3 mID 
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Fig. 3. Dynamic multi-plane CT image after high-lighting and multi
leve l image summation. Long aneurysm on the right posterior communi
cating artery ( a rrows) 

Fig. 4. Dynamic multi-plane CT image afte r high-lighting and multi
leve l image summation. Note the aneurysm on the bifurcation of the 
left middle cere bral artery (arrow) 
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Resolving Spontaneous Intracerebral Hematoma 
Diagnostic Problems in Enhanced CT 

A. Thron 
Abteilung fUr Neuroradiologie, Institut fur Radiologie der Universitat Tubingen, 
0-7400 Tubingen 

The CT appearance of acute intracerebral hemorrhage is well known and 
has virtually diagnostic value. The course of resolving intracerebral 
hematoma has also been well described (1, 3, 4, 8, 9-11). In some re
ports attention has been drawn to the fact~ that-in contrast-enhanced 
studies during resorption of hematoma a peripheral ring blush is fre
quentlyobserved (5-7, 9, 12). Without a previous scan for comparison 
this finding may pose various differential diagnostic problems with 
respect to the stage of resorption (~, i) 

Patients Material 

Between 1979 and 1980 in a series of 95 patients with spontaneous in
tracerebral hematoma contrast-enhanced CT-controls have been performed 
in 34 cases. Table 1 summarizes the time-related number of scans fol
lowin~ the ictus. Only hematomas more than 2 x 2 cm in size have been 
considered in this study. 

Results 

During the first two weeks usually no ring of contrast enhancement can 
be seen (Table 1). In one case a ring was demonstrable ten days after 
the onset of symptoms. Beginning with the third week, a ring blush is 
an almost constant finding, which, however, may be of variable develop
ment and demarcation. Ring formation does not depend upon the age of 
the patient or the extent of the hematoma, but there is a slight 
tendency to more pronounced ring formation in younger patients (Table 2) 

Table 1. CT-control studies in resolving intracerebral hemorrhage 
02X"2 cm) 

Time No. of patients 

1 6 days 95 
7 - 13 days 11 

14 - 27 days 26 
4 - 5 weeks 1 1 
6 9 weeks 12 

>9 weeks 1 
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No. of contrast 
enhanced scans 

5 
22 
10 
11 

1 

No. of rings 

19 
9 
9 
1 



Table 2 

Patient age 
(years) 

< 40 
40 - 60 
> 60 

Total 

Table 3 

Size of hematoma 
(diameter) 

2 - 3 cm 
3 - 4 cm 
4 - 5 cm 

Total 

Table 4 

Location 

Lobar 
Basal ganglia 
(+ lobar) 
cerebellum 

Total 

Ring-enhancement 
+ (+) ¢ 

5 2 
8 3 1 
8 3 4 

21 8 5 

Ring-enhancement 
+ (+) ¢ 

3 2 2 
11 5 1 

7 1 2 

21 8 5 

Ring-enhancement 
+ (+) ¢ 

11 4 3 
10 4 

2 

21 8 5 

Total 

7 
12 
15 

34 

Total 

7 
17 
10 

34 

Total 

18 
14 

2 

34 

and in larger hemorrhages (Table 3). The location of the hematoma 
is also not decisive. In two infratentorial lesions we had negative 
results (Table 4). 

Compared to small hematomas with an extent of less than 2"x 2 cm, the 
decrease in size and density of large intracerebral hematomas is de
layed (3). But it is of greater importance that the resorbing clot does 
not show homogeneous diminution of attenuation values. On the contrary, 
there is a centripetally progressing decrease of density. Fig. 1 shows 
the typical appearance of enhanced control studies in different stages 
of resorption. The acute intracerebral hematoma (Fig. 1a) of increased 
attenuation is surrounded by a small hypodense rim, thought to repre
sent edema. After ten days (Fig. 1b) the peripheral parts of the le
sion have changed to low attenuation values, due to the increase in 
water content and the reduced hemoglobin molecule concentration (11). 
No ring enhancement can be found at that time and the surrounding-edema 
is even more pronounced. After three weeks the hematoma resolution has 
proceeded to a stage, where only a central part remains of increased 
density (Fig. 1c). This central part is surrounded by an area of hypo
density, representing that part of the clot in which hemoglobin and 
other breakdown products have already been resorbed. 

Enhanced CT now demonstrates a ring blush which demarcates the zone 
of hypodensity peripherally and corresponds to the original size of 
the hematoma. Mass effect and edema have only slightly diminished. 

45 



In the next stage after 3 - 5 weeks the whole of the hematoma has devel
oped into a homogeneously lucent area. As a ring blush is still noted, 
the lesion now appears as a cystic formation. In the following days 
the mass effect and the volume of the hematoma diminishes rapidly. Some 
months later the healed hematoma normally demonstrates as a small lu
cent defect of brain tissue with ipsilateral enlargement of cerebro
spinal fluid (CSF) spaces (Fig. ld). 

Table 5 shows the characteristics of four stages of hematoma resorption 
in enhanced CT-controls of large intracerebral hemorrhages. The acute 
hemorrhage (Stage I) is followed by a pattern of resorption resembling 
a cockade (Stage II). Four to six weeks after the ictus the resolving 
hematoma is observed as a ring-shaped or cystic lesion with preserved 
but decreasing mass effect (Stage III). Post-hematoma residua, con
sisting of a defect of brain tissue and enlargement of surrounding 
CSF-spaces, characterize the stage of healing (IV). 

Although the ring blush as a transient phenomenon of stages II and III 
has no specific characteristics, it can frequently be observed as a 
narrow, irregularly shaped and not closed ring formation (Fig. 6). 

Discussion 

Our investigations suggest, that there is no isodense phase of re
solving intracerebral hemorrhages of more than 2 x 2 cm size as is 
assumed in some reports (1, 4, 8). The decrease in density by an aver
age of 0.7 EMI units per day-(3) is a centripetally progressing pro
cess. The time-dependent development of ring-enhancement, beginning 
with the third week of resorption is of variable distinctness. It is 
not yet clear, which are the main determining factors for a more or 
less pronounced ring formation. Fig. 2 shows a very clear ring blush 
in a hematoma of the right caudate nucleus in the third week of re
sorption. In another hematoma of comparable size, site, and age (Fig. 
2b) there is only slight peripheral enhancement. According to LASTER 
et al. (6) the early enhancement is modified by steroids and might 
therefore solely be due to breakdown of the blood-brain barrier. Be
ginning with the third week vascular proliferation and formation of 
an increasing capsule of granulation tissue is observed pathologically 
(6, 9, 12). The blood-brain barrier function of these new-formed ves
sels-is-rncomplete and extravasation of contrast medium besides in
creased vascularity are probably the underlying mechanisms of ring 
formation in the late stage II and stage III. 

Table 5. Stages of hematoma resorption in enhanced CT 
(hematoma size > 2 x 2 cm) 

I Hematoma of homogeneously increased density. Progressive sUr
rounding edema. No ring-enhancement (first two weeks) . 

II Hematoma with centripetally progressing decrease of density. 
Ring enhancement corresponding to the original size of the 
hematoma. ("Cockade-Form"). No reduction of volume of edema 
(3rd - 5th week) . 

III Hematoma homogeneously lucent with marked ring blush 
("Cystic Form"). 
Gradual reduction of volume and edema (4 t h - 8th week) 

IV Healed hematoma. Small lucent defect of brain tissue (>6 th week). 
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In stage I of hematoma resolution diagnostic confusion only arises in 
cases with unusually extensive perifocal edema (Fig. 3), which may be 
caused by compression of veins or a primary venous hemorrhage. Of 
course, an underlying neoplasm, masked by the dense hematoma cannot 
be excluded (~), but is a rare cause of intracerebral hemorrhage. 

The "cockade-pattern" of stage II in an enhanced CT-control may erro
neously be taken for neoplasm, a misinterpretation, which we observed 
several times (Fig. 4). On the other side the peripheral enhancement 
allows differentiation of liquefied clot from edematous brain. Thus 
it demonstrates, that despite the decrease in size of the dense por
tion of the hematoma the volume of the whole clot remains relatively 
unchanged until stage III. 

The differential diagnosis of stage III in the absence of an initial 
scan of the acute hematoma includes an array of ring-shaped or cystic 
lesions especially primary or secondary brain tumors and abscesses 
(Fig. 5) (~, ~). 

In most cases a definitive diagnosis may be made by control-scans 
over an adequate interval of time together with the patients history 
and clinical findings. To avoid aggressive procedures for diagnosis 
or treatment the demonstrated CT-pattern of hematoma resolution in 
enhanced control studies at different times should be known. 

Ring formation is identical in non-traumatic and traumatic intra
cerebral hemorrhage (Figs. 5 and 6). 

Fig. 6 shows abscess and resolving intracerebral hemorrhage simul
taneously in one patient and gives an impression of the somewhat 
different character of both ring lesions. 

Summary 

A ring of contrast enhancement is common in resolving intracerebral 
hematoma more than 2 x 2 cm in size. In a CT-study of 34 patients the 
time of appearance and other characteristics of this ring blush were 
determined. In general, ring enhancement occurred between the third 
and the sixth week of hematoma resorption. Ring formation may be 
distinct or faint but it depends neither upon the age of the patient 
nor on the extent, location or etiology of the hematoma. The under
lying pathological mechanisms are briefly discussed. 

To separate other lesions of ring-shaped appearance the typical course 
of resolving intracerebral hemorrhages and their distinguishing fea
tures in enhanced CT are demonstrated. 
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Fig. 1 a-d. CT-studies in different stages of hematoma resorption. 
a Acute hematoma of the left basal ganglia with ventricular penetra
tion; b CT control after 10 days. No ring is seen after contrast 
medium-enhancement; c Stage II. Centripetally progressing diminution 
of attenuation values. Ring of enhancement around the periphery of 
values. Ring of enhancement around the periphery of the hematoma after 
three weeks. d Stage IV. Small area of decreased density at the site 
of the original hematoma and focal ventricular dilatation 
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Fig. 2 a-d. Distinct ring formation (a, b) and faint ring blush (~, d) 
in two patients of equal ages and hematomas of similar location 
and extent in the fourth week of hematoma-resorption (Stage III) 

Fig. 3. Left: Unusually extensive edema surrounding a parietal 
hematoma 

Fig. 4. Right: The "Cockade-pattern" of stage II resembling a neo
plastic lesion 
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Fig. 5 a-d. Ring lesions with c e ntral hypodensity in cases of absce ss 
(a and c), n e oplasm (b) and resolving hemorrhage in stage III (d). In 
the case of d an absce ss was suspected four weeks after tra umatIc 
hemorrhag e . 6peration revealed a so-call e d "chocolate cyst" 

Fig. 6 a,b. Ring lesions caused by abscesses (open arrows ) and re
solving h ematoma (cl o se d a rrows) in the same patient (E). The hemor
rhag e resulted from abscess puncture (~) 
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Differential Diagnosis and Resorption Behavior of Spontaneous 
Cerebral Hemorrhages in CT 

M. Schumacher and Ch. Rossberg 
Abteilung fUr Neurologie, Neurologisch-Psychiatrische Klinik Christophsbad, D-7320 Goppingen 

Since the introduction of computed tomography (CT) views on the treat
ment of intracerebral hemorrhages have changed. The decision about 
medical or surgical treatment of large, space-occupying hematomas does 
not anymore depend exclusively on clinical criteria but also on CT 
criteria, such as site, size and space-occupying character of the 
hemorrhage (GRUMME et al. 1976; MAYWARD and O'REILLY 1977; LOHR et al. 
1977; PINEALA 1977). CT follow-up examinations have decisively in
fluenced the therapeutic procedure through the information acquired 
about the spontaneous course and processes of resorption in spontane
ous and traumatic hemorrhages (LEGRE et al. 1978; WEIGEL et al. 1978). 

In the present study on 44 spontaneous hemorrhages an attempt will be 
made to establish CT criteria that contribute to the differential 
diagnosis of the bleeding source and to determine what additional 
diagnostiC procedure is needed. At the same time, the relationship 
between location, size and rate of resorption in conservatively treated 
hemorrhages would be shown. 

Material and Methods 

The CT examination were conducted in part, with a SIRETOM 2000 and in 
part with SOMATOM 2 on 44 patients aged from 14 months to 81 years. 
The slices were carried out with standard positioning, with a slice 
thickness of 8 mm and in special cases, for the purpose of reconstruc
tion, of 2 mm. All patients were examined for the first time within 
the first two days after the acute clinical event. The follow-up ex
aminations were performed at weekly intervals until total resorption 
of the hemorrhage. In two-thirds of the patients supplementary CT with 
contrast medium (1.5 ml/kg) were performed. According to the size, the 
hemorrhages were classified as small (maximum 1 em in diameter), mod
erate (1 - 3 em in diameter) and large (larger than 3 cm in diameter) . 
An additional differentiation was made between cortical and subcortical 
hemorrhages, and hematomas of the basal ganglia. The speed of resorp
tion of hemorrhages with a diameter greater than 2 cm, was compared 
with those lesser than 2 cm_ 

Results 

The commonest sources of the bleeding were hemorrhagic infarctions or 
hypertensive hemorrhages (in 36.4% of the cases). In none of these 
cases could a stenosis or an occlusion of the extracranial arteries 
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be demonstrated by means of the doppler sonography. An additional clar
ification by means of angiography was not conducted in this group. In 
almost one third of the spontaneous hemorrhages no cause could be found, 
in spite of an intensive search. In cases of vascular dysplasia (11.4%), 
bleeding from tumors (4.5%) and thrombosis of the brain sinuses (4.5%) 
the source of the bleeding was verified angiographically. The causes of 
hemorrhages associated with coagulation disorders were from anticoagu
lant therapy, severe hepatopathy and leukemic diseases. 

In two-thirds of the patients the hematomas measured more than 2 cm 
and were most commonly found in the white matter and basal ganglia 
(Fig. 1). In 6.8% (3 patients) of the cases rupture into the ventricular 
system occurred (Figs. 2, 3). In 4.5% (2 patients) a secondary hemor
rhage appeared two days later in a primary ischemic infarct (Fig. 4). 
In all the cases surrounding edema had developed that was always 
detectable at the first examination and in the course of the first 
week increased considerably. The size of the hematonas and the ex-
tent of the surrounding edema showed no clear correlation. 

Differential Diagnosis 

Table 1. Etiology and CT characteristics in 44 spontaneous intracerebral 
hemorrhages 

Etiology N CT characteristics 
-----------------------------------------------------------

Stroke 

Hypertensive 
hemorrhage 

Coagulation 
disorder 

Vascular 
malformation 

Sinus thrombosis 

Tumor 

Unknown 

16 

6 

5 

2 

2 

13 

Edema +++, relationship to regions of ar
terial blood supply, luxury perfusion 

Space-occupying, white matter and basal 
ganglia 

Small, cortical and subcortical extending, 
gyri-outlined SAH 

SAH with penetrating effect, structure of the 
vessels after blood resorption seen CT with en
hancement 

Small, multiple, bilateral; edema (compression 
of the ventricle), empty torcular Herophili 

Discrepancy of hematoma size, edema (+++) and 
space-occupying character, three layers, fol
low-up CT examination (blood resorption with
out decrease of the space-occupying) 

From CT results (Table 1) it was only possible in exceptional cases to 
obtain any reliable hint as to the source of the bleeding. In most of 
the cases (only a suspicion existed) and a correct and adequate diagno
sis was possible only by considering the clinical history. 

Hypertensive bleedings (Fig. 1) were mostly characterized by their size 
and preferred location in the basal ganglia. Hemorrhagic infarctions 
were classified as such, when they were limited to the vascular region 
of the anterior, middle or posterior cerebral artery or to isolated 
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vascular branches. As a rule the area of hemorrhagic infarction was 
surrounded by intense edema. After injection of contrast material the 
total infarct region was clearly shown and marked as a luxury per
fusion or a ring enhancement (Fig. 1). 

Hemorrhages after embolic vascular occlusion generally showed small 
rounded areas of hemorrhage situated in the cortex and subcortical 
areas (Fig. 5). Any reliable differentiation in relation to smaller 
post-traumatic hemorrhages or in cases of reduced coagulability of the 
blood was nevertheless not possible. 

spontaneous bleeding in vascular dysplasia generally overlays the mal
formation in the initial stages. The oontrol examination and especially 
the follow-up CT with contrast medium after complete resorption of the 
hematoma were decisive for the etiological classification. Extensive 
subarachnoid hemoLrhage with rupture into the neighbouring parenchyma 
suggested an aneurysm as bleeding source. A rare complication in one 
patient with pronounced vascular spasm caused by a subarachnoid hemor
rhage, was a secondary ischemic infarction (Fig. 6). Compared with sub
arachnoid hemorrhages caused by aneurysms, bleedings by coagulopathies 
show a slight increase in density of the subarachnoidal fluid. The com
bination of hemorrhages near to the cortex, small and at times outlined 
by the gyri was found mostly in cases of coagulopathy (Fig. 7). 

Finger-shaped, and sometimes multiple bilateral hemorrhages in the 
grey and white matter, especially in the centrum serniovale indicates 
spontaneous bleeding in thrombosis of the venous sinuses (Fig. 8). The 
combination of bilateral brain edema, compression of the ventricular 
system and the failure to demonstrate the torcular Herophili confirms 
the diagnosis of an occlusion of the superior sagittal sinus. 

The discrepancy of a small sized hematoma with considerable surrounding 
edema and also evidence of a considerable shift were characteristic of 
hemorrhage into a necrotic tumor (Fig. 9). Three layers from the center 
to the periphery were visible: a central hemorrhagic component sUr
rounded by a zone of higher density consisting of tumor tissue and 
continuing into an irregularly shaped zone of lower density correspond
ing to the edema. A valuable criterion for the differential diagnosis 
proved to be the increasing formation of edema and the space-occupying 
character, in spite of the advanced blood resorption. 

Resorption 

During the first five days there were no detectable changes in density 
in the hemorrhagic region and there were no changes in the amount of 
the bleeding. The surrounding edema, that was already visible a few 
hours after the bleeding, increased considerably to the end of the 
first week, remained constant up to the second week or increased slight
ly in the second week after the hemorrhage. From the third week on there 
was a constant decrease of the edema observed (Fig. 3). All hemorrhages 
showed a logarithmic resorption velocity rate (Fig. 10), whereby eirea 
40% were totally reabsorbed by the fourth week. After seven weeks larger 
hemorrhages were totally reabsorbed. The resorption always advanced 
from the periphery to the center. The center of the hemorrhage degen
erates in most cases into a cystic area, whereby the peripheral zone 
in part was resorbed free of any residuum. There was no difference in 
the resorption velocity between large and moderate hemorrhages, but in 
small hemorrhages up to 2 cm diameter regression was seen within the 
first week. 
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Conclusions 

With the highly sensitive CT apparatus of the last two generations, 
it is possible to detect intracerebral hemorrhages of 2 - 3 mm size 
as well as bleedings in the subarachnoid space. Compared with the high 
quota of detection, the etiology in many cases remains obscure. The 
differential diagnosis frequently depends only on morphological and 
topographical criteria (Table 1), although correlating the clinical 
history with the clinical symptoms permits a relative reliable inter
pretation. Consequently there remain in this study, the same as seen 
by other authors (GRUMME et al. 1976), approximately 30% of the spon
taneous hemorrhages of unknown etiology. 

Additional diagnostic problems occur in delayed bleedings as for ex
ample is seen in secondary hemorrhagic infarcts, (approximately 5.5% 
of our patients), that occur two to three days after the onset of 
symptoms. False negative results caused by a masking effect in the 
isodense stage of resorption is uncommon (LANKSCH et al. 1978). 

Ring structures in cases of partial resorption of hematomas have to 
be differentiated from inflammatory and tumor lesions. Excluding cases 
of hypertensive massive hemorrhages, hemorrhagic strokes and hemorrhages 
caused by other medical diseases e.g. coagulation disorders, more di
agnostic investigations are needed, especially when according to the 
CT criteria and the clinical findings suspicion is aroused that tumor 
bleeding, a vascular malformation or a sinus thrombosis exist. This is 
important for the treatment. 

Only in a few space-occupying hematomas with a midline shift of less 
than 5 mm (KARIMI-NEJAD et al. 1979) can a restrained attitude be taken 
by close follow-up CT and clinical controls of a spontaneous resorption. 
In our experience even larger hematomas were resorbed up to the eighth 
week and the patients survived without surgical measures (Fig. 2). 

Contrary to the results reported by DOLINSKAS et al. (1977), the re
sorption velocity had a more logarithmic course, which is more in 
agreement with the results made by LEGRE et al. 1978. The rapid resorp
tion that occurs after the fourth week is probably due to the capillary 
growth in the peripheral margins of the hematoma. Smaller hemorrhages 
under 2 mm probably resorb without the development of capillary vessels 
and therefore sooner. In these small hematomas ring enhancement was 
never seen. 

The high velocity of resorption in hemorrhages in the white matter and 
basal ganglia could not be fully clarified in our prevailing study. It 
is possible that the matrix of the central white matter and the basal 
ganglia possess the capacity to stimulate capillary formation which is 
visible in some particular cases (Fig. 1) as a reinforced ring enhance
ment in CT. 
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Fig. 1. Massive hypertensive hemorrhage into the right temporal lobe, 
course of resorption over a period of four weeks. Note, the more strong
ly developed ring enhancement medially (coronal reconstruction left 
picture) 
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Fig. 2. Massive bifrontal bleeding with v entricular rupture in alcoholic 
hepatopathy, total r e sorption o f the hemorrhage within seven weeks, de
velopment of a cystic cavity (no trauma) 

Fig. 3. Left temporo-occipital spontaneous hemorrhage with ventricular 
rupture, complete resorption in seven weeks with cystic parenchymal de
fect. Normal angiogram, probably spontaneous healing of a vascular mal
formation as a result of the h emorrhage. (19-year-old patient) 
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Fig. 4. Ischemic lesion of the left temporal lobe, secondary bleeding 
after three days with more pronounced outline of the ischemic area 

Fig. 5. Embolic hemorrhagic infarct in the course of endocarditis 
lenta. Remaining hematoma after three weeks (right picture) with 
demarcation of the ischemic area 

~ 

Fig. 6 a-b. Spasmogenic hemorrhagic infarct in the left front-temporal 
lobe from aneurysm of the middle cerebral artery, combination of sub
arachnoid and intracerebral bleeding with a lesser extent in the in
farcted area (a). Pronounced arterial spasm of the right carotid siphon, 
the anterior and middle cerebral arteries (b upper pictures), as well 
as of the left carotid siphon, the anterior-and posterior cerebral ar
teries. (b lower pictures) with subtotal stenosis of the middle cere
bral artery 
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Fig. 7. Spontaneous bleeding in the left temporal lobe in chronic 
lymphatic leukemia, combination of cerebral and subarachnoid hemorrhage 

Fig. 8. Bilateral spontaneous hemorrhages in superior sagittal sinus 
thrombosis, cortical and subcortical location of the hemorrhage with 
flattening of the ventricles caused by bilate ral brain edema. (lowe 
this picture to the courtesy o f the Department of Ne uroradiology, 
University of Tlibingen) 
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Fig. 9 a-d. Tumor hemorrhage of an oligodendroglioma of the right 
temporal lobe, disproportion between the size of the hematoma, edema 
and degree of space-occupation. Three layers with a central bleeding, 
middle tumor margin and peripheral edema. stage before (a) and after 
bleeding (b, c); total resorption and formation of a cystic cavity 
after three weeks (~) 
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Fig. 10. Course of resorption and development of brain edema in 
spontaneous hematomas. Resorption and edema of 44 spontaneous cere
bral haematomas. (Curve = completed resorption) 
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Familial Occurrence of Intracerebral Hematomas 

W Luyendijk and G. Th. A. M. Bots 
Departments of Neurosurgery and Neuropathology, University Medical Center, NL-2333 Leiden 

A short report is given on two large families, with (quasi) spontaneous 
intracerebral hematomas, living in Katwikijk, a fisherman's village on 
the North Sea. 

During the age period between 40 - 60 years a considerable number of 
family members met with an acute (quasi) spontaneous cerebral bleeding. 
As all relatives are familiar with this threatening danger, they feel 
relieved after having reached the age of 60 years. 

Altogether 14 cases have been operated on because of such an intra
cerebral hematoma and in addition several other non-surgical cases can 
be still added to this material. Anyhow both families together show a 
rather high incidence of these bleedings as is clearly illustrated by 
the two pedigrees (Figs. 1 and 2). Among the 91 cases studied at the 
age of 40 to 60 years 21 hematomas have been confirmed at operation 
or autopsy so far (23.1%). 

Angiography never demonstrated any underlying vascular anomalies. No 
hematological abnormalities were found in any of the patients. 

In only one case a slight arterial hypertension (170/100) was found. 
All other patients had a normal pre-existing viz. postoperative blood 
pressure. 

The prognosis appears to be bad; half of the patients died sooner or 
later after operation. 

Fourteen cases were examined neuropathologically. In all of them a 
cerebral arteriosclerosis was established, and it was characterized 
by a hyaline thickening of the arteriolar walls which contained amyloid 
deposits. This amyloid arteriosclerosis appeared to be restricted to 
the gray substance of the brain and presented itself predominantly in 
the cerebral cortex. Sometimes the same was also found in the lepto
meningeal vessels. 

In Holland eleven similar other cases have been studied by Wartendorf 
(The Hague). 

His patients belonged to one family from Scheveningen another fisher
man·'s village on the North Sea coast, lying directly south of Katwijk. 

Outside of Holland familial amyloid-arteriosclerotic hematomas are 
described by GUDMUNDSSON et al. from Iceland. 
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It is not known yet how these three families are interconnected -
legally or illegally. Genealogical investigations have been negative 
up to now. 

As Dutch family names are found in old graveyards in Iceland it has 
to be assumed that mutual contacts via the North Sea must have oc
curred in the past. 
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Fig. 1. Pedigrees of the two Katwijk families showing the incidence 
of intracerebral bleeding. Black: cases of hematoma at operation or 
autopsy (total 26); grey: hematomas or hemorrhages not surgically 
established 
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nrCBF for Timing of Angiography and Operation in 
Subarachnoid Hemorrhage 

G. Meinig, P. Ulrich, R. Pesch, and K. Schurmann 
Abteilung fUr Neurochirurgie, Klinikum der Johannes Gutenberg-Universitat Mainz, 
Langenbeckstrasse 1, D-6500 Mainz 

Introduction 

Early operation on cerebral aneurysms is demanded not least because 
of the threat of spasm of the cerebral vessels. As is generally re
cognized, this is to be expected in a very high percentage within a 
few days after the first aneurysm hemorrhage and frequently cannot be 
diagnosed clinically (4, 5). Many neurosurgeons have rated the risk 
of operating in the presence of vasospasm so high that, like C.G. DRAKE 
in 1975 (2), they demanded control angiography with its own risk, es
pecially In existing vasospasm in early angiography and the aneurysm 
operation itself could not take place rapidly. 

We now attempt with the aid of traumatic measurement of cerebral blood 
flow (xenon inhalation) to detect the development, course and influence 
of treatment on cerebral vasospasm and establish the consequences for 
the timing of the aneurysm operation including angiography. In the pre
sent paper, preliminary results on single observations will be pre
sented because of the small number of cases. 

Methods 

The nrCBF measurements were performed under common resting conditions 
in the supine position with a 133Xe inhalation system (NOVO diagnostic 
systems, Hadsund) simultaneously monitoring 16 homologous regions of 
both hemispheres. Calculations were performed with a Hewlett Packard 
(Model 9825/M) desk-top computer using the two compartmental analysis 
of OBRIST et al. 1975 (~) and RISBERG et al. 1975 (~). F1 (the flow of 
rapidly perfused grey matter compartment) and lSI (the initial slope 
index calculated between the initial 30 to 90 seconds after the start 
of the measurement) were the CBF observations used in this study. The 
arterial pC02 was determined in blood samples from the radial artery 
by an AVL gas check and controlled recordings of the end-tidal C02 
concentrations (NOVO capnograph). 

Calcium antagonist was generally administered for treatment of cere
bral vasospasm. In this study we only gave nimodipine (test preparation 
from the company BAYER) in a dose of 1 - 2 mg/h. The influence on cere
bral blood flow was evaluated by nrCBF follow-up studies. 
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Results 

The correlation between cerebral blood flow and neurological state 
described by various authors (here after HUNT and HESS, 6) appears to 
be confirmed in 16 patients with subarachnoid hemorrhage~ when the 
measurement is performed within one week, as is to be seen in Figure 
1a. However, five patients in whom we found normal cerebral blood flow 
values in clinical stages IV - V immediately after the subarachnoid 
hemorrhage are not included in Figure 1a. On the other hand in a few 
cases indication of spasm by CBF did not correlate with the neurologi
cal state of the patient. The relation is less unequivocal in 18 pa
tients (Fig. 1b), in whom the cerebral blood flow was measured 2 - 4 
weeks after subarachnoid hemorrhage. Despite normal brain blood flow 
in the majority of patients, grade I is only occasionally reached. In 
all patients in whom we had diagnosed a cerebral vasospasm angio
graphically, the result was confirmed by measurement of cerebral blood 
flow. 

In a series of patients in whom the angiogram was not yet available, 
we were able to demonstrate the indication of vasospasm. In the case 
example described below (Fig. 2), nimodipine (test preparation from 
the company Bayer) was administered. It was a 47-year-old female pa
tient in whom angiography was performed on the sixth day after sub
arachnoid hemorrhage in stage I according to HUNT and HESS. A high
grade global bilateral vasospasm, which could not be suspected on the 
basis of clinical findings, was found. Over the following days, the 
patient deteriorated clinically into stage IV (almost V). The measure
ment of cerebral blood flow finally performed showed a dramatically 
reduced perfusion in the blood supply on both sides. The lSI showed 
a value of 24 ml/100 g/min. After intravenous administration of 1 mg 
nimodipine within one hour, the cerebral blood flow was raised to 30 ml/ 
100 g/min; two days later, there was a rise to 39 ml/100 g/min with the 
continued infusion of nimodipine (1 - 2 mg were administered intra
venously per hour). In the course of a further three weeks, an almost 
normal cerebral blood flow was re-established. However, the severe 
neurological symptoms only regressed slowly and incompletely. 

In the majority of our cases, there was an improvement of cerebral 
blood flow with nimodipine. However, one will by no means be able to 
expect the dramatic improvement of blood flow in every case, especial
ly when an improvement in the blood flow is impossible from the start 
because of raised intracranial pressure. This applies irrespective of 
whether this results from hydrocephalus, brain edema or hematoma, car
diopulmonary disorders, hypoxia, disorders of autoregulation etc. 

Figure 3 shows the case example of a 59-year-old female patient in 
whom administration of nimodipine resulted in an improvement of cere
bral blood flow. After a secondary fall, a return to normal of the 
blood flow occurred with delay after withdrawal of the medication 
(cardiac problems). However, the discrepancy between cerebral blood 
flow and clinical symptoms is striking. By the third day after the 
subarachnoid hemorrhage, a continuous improvement of clinical symptoms 
occurred, although the brain blood flow had fallen globally after the 
withdrawal of nimodipine. 

Figure 4: Without exception, all patients showed indications for dis
orders of blood flow of the cerebral cortex (corresponding to the F1 
value) after the subarachnoid hemorrhage. The regional disorders are 
likewise to be demonstrated practically always in the distribution 
pattern, although regional reductions of the blood flow by 10% below 
the hemispheric average show a trend but cannot be regarded as signifi
cant. Mostly, the blood flow disorders persist over weeks (not uncom-
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monly over months, as in Fig. 4). As we interpret our observations, 
they are also accompanied by slight organic brain disorders which 
cannot be detected with the HUNT and HESS scale. 

Conclusions 

We carried out measurements of cerebral blood flow by means of xenon 
inhalation. In some cases only sporadic measurements, and in some cases 
progress investigations were carried out in about 30 patients. We were 
able to observe that angiographically demonstrated vasospasm could al
ways be confirmed by measurement of cerebral blood flow. Moreover, the 
atraumatic measurement of cerebral blood flow (especially the progress 
observation) has shown that cerebral vascular spasm can be detected 
even when it is not suspected from the neurological findings. We be
lieve that serious damage to the patients in angiography or operation 
can be avoided by early diagnosis of vasospasm. In addition, we be
lieve that control angiographies for exclusion of vasospasm immediately 
before the operation can be obviated by means of xenon inhalation 
measurement. Beyond this, measurement of nrCBF gives us an important 
factor for evaluating the alterations in cerebral blood flow during 
treatment of cerebral vasospasm. We have ourselves been able to ob
serve a marked improvement of blood flow in more than half of the 
cases in a small group of patients in whom we administered the calcium 
antagonist nimodipine intravenously. A further result of the cerebral 
blood flow measurement, the depression of blood flow in the region of 
the cerebral cortex which frequently persists over weeks in patients 
who have apparently become normal clinically requires further obser
vation, possibly together with psychological monitoring. 

Summary 

In order to avoid additional damage by angiograph¥ ~r operation for a 
patient with SAH in the period of vasospasm, the 3 Xe inhalation 
method for measurement of rCBF proved to be of some help. It may also 
provide indications of vasospasm in cases without clearly corresponding 
neurological signs. Manifest vasospasm in angiography was confirmed 
by nrCBF in all cases. Alterations of cortical flow persisting for 
several months are detectable in many cases, correlating well with a 
longer lasting psycho-organic syndrome (not detectable with the HUNT 
and HESS scale). For observation of the efficiency of medical treat
ment nrCBF measurements seem to be suitable and reliable. 
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Summary 

The following investigations were performed to induce experimental 
cerebral vasospasms in cats. Three days after production of SAH 17 CT 
scans and angiograms were performed. Seven CT scans of cats showed a 
hypodense area in the right hemisphere especially in those animals 
in which the cerebral angiograms revealed constricted cerebral vessels 
possibly indicating a recent ischemic infarct or cerebral edema. 

Today it is almost no problem to clip cerebral aneurysms two days 
after SAH in grade I - II (III patients (HUNT and HESS). But grade IV 
- V patients are still in a very dangerous situation, often dying before 
the aneurysm can be successfully dealt with. 

Autopsies after death due to SAH showed that ischemia is undoubtedly 
the principal cause of brain damage in the acute stage of SAH. 

Cerebral vasospasm is one of the main factors causing neurological 
deficits in man (1-5). 

The following investigations in animals were performed to induce cere
bral vasospasm experimentally in cats and to study the physiological 
pathology of severe SAH. 

Materials and Methods 

Twenty-eight adult cats weighing between 1500 g and 3100 g were anes
thetised by ketanest and rompun (0.1 ml rompun/kg and 5 - 10 mg keta
mine/kg) . 

The normal level of blood gases was maintained by mechanical ventila
tion. 

A burr-hole 4 mm in diameter was made subfrontally on the right side of 
the skull and the dura mater and arachnoid were opened. 2 ml blood was 
taken from the femoral artery. The SAH was produced by injection of 
1 - 2 ml of autologous blood through a catheter introduced fronto-

*Technical assistance was provided by Mrs. M. Wegener, Mrs. G. Fried
rich and Mrs. Lein-Filbrich. The author thank Mrs. S. Brinkmann and 
Mrs. F. Siemers for their assistance in preparation of the manuscript 
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basally. EEG, CMP, ECG and systemic blood pressure were monitored con
tinuously (Statham transducer P 23 cb 500 48 10 Volt, P 23 Db 40079 
10 Volt; Beckmann dynograph recorder, type R 411). 

In nearly all cases there was a transitory abrupt rise in ICP up to 
the level of arterial diastolic pressure immediately after injection, 
accompanied by a suppression of EEG activity, as described by Asano 
in 1978 (.§.). 

Results 

After production of SAH seven cats were beyond help and died within 
the next 24 hours, three cats were somnolent in the following three 
days, six cats showed extremely small pupils or varying pupil size. 
In four cats an incomplete right oculomotor paresis was seen. After 
experimentally induced SAH three cats were in a relatively good con
dition without any neurological deficit. 

Three days after induction of SAH 21 intracranial angiograms (by injec
tion of 3 ml telebrix in approximately 2 seconds) were performed after 
introduction of a catheter into the right common carotid (B-D Longdwel 
6746 F 50-9.2062) Rapid serial films were taken with CGR film changer 
at a rate of 2 films/sec for 3 seconds (titanus p 100 S, 55 KV, 40 mAs, 
magnification 1). 

In 16 cats the angiographic study showed poor visualization of all 
intracranial cerebral vessels in contrast to normal non-treated cats. 

In three cases the small anterior cerebral arterial branches and in 
one case the middle cerebral artery could not be identified. 

In nine cases neither anterior cerebral, nor middle cerebral artery 
were seen in the angiograms. 

Three angiograms showed generalised cerebral vasoconstriction. 

Three days after SAH 17 CT scans were performed. Seven of the CT scans 
showed a hypodense area in the right hemisphere especially in those 
animals in which the cerebral angiograms revealed constricted cerebral 
vessels - possibly indicating a recent frontotemporal ischemic infarct 
or cerebral edema. 

These experiments on cats augment other studies on ICP, EEG, ECG and 
systemic blood pressure in SAH by intracranial panangiograms and CT 
scans. 

In contrast to all in vitro experiments of isolated cerebral vessels 
this in vivo investigation of cats made it possible to study late 
vasospasm including cerebral edema in an experimental animal, as well 
as factors such as ICP, EEG, ECG and systemic blood pressure in severe 
SAH. 

In future we will test the influence of vasodilator drugs - first of 
all calcium antagonists - in these animals. 
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Early Operations on Ruptured Aneurysms 

J. Gilsbach and H. R. Eggert 
Neurochirurgische Klinik, Albert Ludwig-Universitat Freiburg, Hugstetter Stasse 55, 0-7800 Freiburg 

Introduction 

Good operative results on aneurysms one to three weeks after subarach
noid hemorrhage with a mortality of under 5% (PIA 1969) have to be paid 
for with high mortality rates due to recurrent bleeding and vasospasm 
during the waiting period. Mortality with this type of management 
(ADAMS 1981, HUNT 1980, WEIR 1981) can be as high as 42% (KASSELL 1981). 
Results with early operations within two to three days published up to 
now are more favorable, although the operative mortality is about 10% 
(HUGENHOLTZ 1982, HORI and SUZUKI 1979, HUNT 1980, KASSELL 1981, 
KOBAYASHI 1979, LJUNGGREN 1981, SANO 1978, TAKAHASHI 1979, WEIR 1981). 
This is explained by earlier suppression of the risk of rebleeding as 
well as reduction of complications related to vasospasm, due to removal 
of clots from the subarachnoid space. 

Material and Methods 

Prompted by the publications of SANO and SUZUKI (1977, 1978, 1979) we 
have operated since 1979, on 38 patients in grades I to III, within 
48 to 72 hours at the latest (Table 1). 

Four vessel angiography was performed under neuroleptic analgesia be
fore the patients were taken to the operating theater. Operations were 
performed with microsurgical techniques after osmotic diuresis and 
without lumbar CSF drainage. 

Table 1. Case material (1979 - 1982 ) 

No. of cases: 38 M: 16 F: 22 

Age: mean 44 
range 19 - 74 

Op. within: 24 h 13 
25 - 48 h 16 
49 - 72 h 9 

Gradea at operation: II 10 
III 28 

Follow-up: mean 22 months 
range 3 - 30 months 

a HUNT and HESS 

Advances in Neurosurgery, Vol. II 79 
Edited by H,-P, Jensen, M. Brock, and M, Klinger 
© Springer-Verlag Berlin Heidelberg 1983 



During operation CSF was drained as a rule from the basal cisterns, 
and only exceptionally was the lateral ventricle tapped or the lamina 
terminalis opened. Brain tissue resections were performed only rarely 
at the gyrus rectus in anterior communicating artery aneurysms. Nitro
prussate hypotension was used only after rupture or in very difficult 
dissections. 

Postoperative CSF drainage was not performed routinely apart from daily 
lumbar punctures. 

Prophylaxis and treatment of symptomatic vasospasm was the main concern 
of the postoperative management. Apart from steroids we insisted on a 
positive fluid balance and a relatively high blood pressure. 

Results 

Although the brain was tense and slightly bulging in three quarters 
of the patients, osmotic diuresis and drainage of CSF from the basal 
cisterns always enabled us to obtain enough space to dissect and clip 
the aneurysm without significant brain compression due to retraction. 
Rupture occurred in one third of the patients, mostly at the end of 
the dissection at the site of the previous spontaneous rupture of the 
aneurysm at the fundus. Rupture did not adversely affect clipping of 
the aneurysm nor the final result. 

Part of the postoperative psycho-organic syndromes in patients with 
ACoA aneurysms were probably due to lesions of small perforating ar
teries, which are difficult to identify in the blood-filled subarach
noid space. Thorough cleaning of the accessible cisterns was attempted 
but could not be achieved in one fifth of the patients due to solid 
clots which could not be removed without risk of damage to perforating 
vessels. 

Three patients died as a consequence of vasospasm. One of them was 
operated upon on a retrospectively incorrect indication with already 
established severe vasospasm due to a first, four days old bleeding 
(Table 2). 

Another patient with an aneurysm of the tip of the basilar artery died 
after postoperative brain stem infarction and further deterioration 
due to vasospasm. 

Complications due to operation were mainly psycho-organic syndromes in 
patients with ACoA aneurysms. All but three of them, however, improved. 
Secondary neurological and neuropsychological deficits related to vaso
spasm or to excessive brain retraction regressed completely apart from 
one hemiparesis. 

Table 2. Site of aneurysm and results 

Outcome ACoA rCA MCA V.B. Total 
No. % 

Good 13 6 2 21 55 
Fair 6 1 2 2 1 1 29 
Poor 2 2 5 
Dead 1 2 4 11 

Total cases 22 9 4 3 38 
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Table 3. Surgical results of follow-up review 

Preoperative Good Fair Poor Dead Total 
grade 

II 7 (70%) 3 (30%) (,1) (,1) 10 

III 15 (54%) 7 (25% ) 2 (7% ) 4 (14% ) 28 

Good: fully active; fair: limited activity but independent; poor: 
dependent 

After an average follow-up period of 22 months out of 38 patients, 
22 were fully active, ten showed limited activity but were independent, 
two remained dependent (Table 3). 

Discussion 

Early operations on patients with ruptured aneurysms are justified 
only within a time interval of 48 to maximally 72 hours after the hemor
rhage (HUNT, HORI). After this delay the brain becomes more vulnerable, 
vessels tend to react with spasms, and removal of clots from the sub
arachnoid space in order to prevent vasospasm is ineffective (HORI and 
SUZUKI) . 

Although ICP is usually increased, the standard methods of ICP reduc
tion recommended by YASARGIL are sufficient to allow dissection and 
clipping of the aneurysm. Ventricular drainage as suggested by SANO 
and progressive temporary clipping of the afferent vessels employed 
by SUZUKI did not appear necessary to us. This view is also taken by 
LJUNGGREN and KASSELL. 

Most postoperative problems are determined by the subarachnoid hemor
rhage and by the reaction of vessels to decomposition products of 
blood. Although early operation allows partial removal of blood from 
the subarachnoid space and progress is on average less stormy than with 
conservative i.e. expectant management (KASSELL), the postoperative 
result is adversely affected by the remaining cisternal clots. Thus, 
as long as no new technical or pharmacological means are discovered, 
the course and the final result still depend to a great extent on the 
severity of the initial bleeding. 

On the other hand the conditions for symptomatic treatment of vasospasm 
by means of hypertonia and hypervolemia are by far more favorable if 
the aneurysm has already been clipped. 

Conclusion 

Three years of experience with operations on aneurysms in the acute 
phase after SAH gave us, in accordance with other publications, the 
following impressions: 

Early operations do not give rise to particular organisational or 
technical problems after a short period of familiarization. Standard 
microsurgical and anesthetic techniques are adequate. Additional mea
sures such as ventricular or lumbar drainage, progressive temporary 
clipping of afferent vessels and induced hypotension do not seem to be 
necessary. In general postoperative problems and final results depend 
to a great extent on the severity and the extension of the initial 
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hemorrhage. Early operations reduce the consequences of the bleeding 
and improve the conditions for symptomatic treatment. 
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Correlation of Clinical Course, Angiography and CT in Patients After 
Subarachnoid Hemorrhage 
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Introduction 

The place of cerebral angiography in the investigation of patients 
suffering from a subarachnoid hemorrhage (SAH) is well defined. Since 
its invention, cranial computerized tomography (CT) has gained in
creasing influence upon the management of those patients and is usual
ly the first diagnostic step, instead of or before a lumbar puncture 
(1-3, 5, 6, 8, 10-21). In this study we try to correlate the clinical 
course-throughout hospitalization with the findings of the two main 
diagnostic procedures, in order to obtain more information about the 
pre-operative status in patients with SAH with regard to the post
operative results. 

Material and Methods 

The study is based upon 110 patients who underwent intracranial oper
ation for a ruptured aneurysm, from 1.1.79 until 31.12_81. There were 
41 aneurysms of the internal carotid artery, 24 of the anterior com
municating artery (ACoA), 19 of the anterior cerebral artery (ACA) and 
18 of the middle cerebral artery (MCA). The remainder were located on 
the posterior circulation. Their clinical grades were classified ac
cording to the Cooperative Aneurysm Study Scale. The angiograms, which 
had been performed mostly within the first two weeks after SAH were 
reassessed with specific reference to vasospasm, whether local or multi
segmental or diffuse. Pre-operative CT scans were performed mostly with
in the first week after SAH; they were reviewed independently for intra
cerebral hemorrhage (ICH), blood clots in the basal cisterns or the sub
arachnoid spaces, hypodense lesions as a result of cerebral ischemia 
and form and size of the ventricles. The size of the ventricles was 
evaluated by measuring the width of the lateral ventricles at the level 
of the caudate nucleus and was compared to the intra-osseous diameter 
of the brain at the same level to create the ventriculo-cranial ratio 
(VCR) . 

Results 

The CT showed blood in the basal cisterns in 70% of all patients exam
ined within three days of SAH; in patients examined on days 4 - 7, 
blood clot was detected in only 30% of the cases. 

Advances in Neurosurgery. Vol. II 83 
Edited by H.-I'. Jensen. M. Brock. and M. Klinger 
© Springer-Verlag Berlin Heidelberg 1983 



Both local and diffuse vasospasm occur most frequently in the second 
week after SAH (Fig. 1). There was a close correlation between the 
presence of blood clots in the basal cisterns and the occurrence of 
vasospasm: 73% of the patients that showed blood in the basal cisterns 
had evidence of vasospasm on the angiograms. On the other hand, 93% of 
the patients who did not present with cisternal blood clots in the 
initial CT scan, did not have any vasospasm. Fig. 2 demonstrates the 
clinical cOurse of the patients throughout their hospital stay, sepa
rated according to the occurrence of vasospasm. Initially, both groups 
present nearly identical grades; however, already on admission to our 
clinic, patients with angiographically proven vasospasm fare worse than 
patients without it. This trend continues throughout the clinical eva
luation, and at the time of discharge in the second week after opera
tion, the mortality rate is 23.6% in the vasospasm group compared to 
9.5% in the non-vasospasm group. Because of the fact that 63% of our 
patients are admitted to our clinic in the second week or later after 
a SAH, the negative effects of vasospasm upon clinical grading are 
already noticeable at the time of admission, although there is general
ly a tendency towards improvement of the grade, during the interval 
from admission in the primary care hospital to our clinic. 

The presence of a neurological deficit correlates well with the CT 
findings of a hypodense lesion. While patients in grade I had only 
a 23% incidence of hypodense lesions on preop CT scans, this figure 
rose steadily with worsening clinical grades and reached 60% in pa
tients grade IV at time of operation. To define the approximate size 
of the hypodense lesions, we selected the number of CT slices on which 
such a lesion was visible. There was a close correlation between the 
incidence and size of the lesions and the number of attacks of SAH 
(Fig. 3): patients with only one SAH had infarcted areas in only 30%, 
while patients with two SAH had such a lesion in 77%. 

Patients who had had two SAH showed evidence of ICH on the initial CT 
scan in 60%; this has to be compared to the 40% incidence of ICH in pa
tients presenting after a single SAH (Fig. 4). Most frequently, an ICH 
is present among patients harboring aneurysms of the MCA and the prox
imal ACA/ACoA. This is correlated closely to the clinical course, since 
patients with MCA aneurysms have the highest mortality rate (38.9%) at 
the time of discharge, followed by those with aneurysms of the vertebral 
artery and the ACoA (12.5%) (Fig. 4b). Pre-operative examination of the 
ventricle width shows a normal bicaudate diameter in 48% of all patients. 
Initially, 9.3% of the patients presented a moderate increase of the 
VCR. Postoperatively, in the CT 10% showed a moderate increase of the 
VDR, and another 10% showed a marked ventricular dilatation. Subsequent 
to ventricular scintigraphy which demonstrated a pathological absorption 
pattern, in all of the latter patients a ventriculo-atrial drainage (VAD) 
was inserted; mainly patients of the initial grade IV required this 
second operation. We found a very close correlation of the CT finding 
of marked hydrocephalus and pathological absorption patterns. Therefore 
ventricular scintigraphy can be ommitted when one has to decide on a 
VAD for a patient with adequate clinical picture and CT findings. A 
marked ventricular dilatation occurs more frequently in patients whose 
angiograms show vasospasm than in those with normal angiograms. 

Discussion 

The value of CT in recognizing pathological intracranial conditions is 
unquestionable. There are reports that CT detection of blood clots in 
the basal cisterns is closely correlated to the consequence of arterial 
spasm, particularly when CT is performed within the first five days 
after SAH, and angiograms between day 7 and 17 (2). Our study seems to 
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support this finding, although we did not specifically look for the 
size of the blood clots nor the time intervals. On the basis of their 
findings, FISHER et al. suggested (5) that early aneurysm operations 
might be beneficial by removing the-blood clots from the basal cisterns 
before the induction of vasospasm. This tendency towards early operation, 
if possible within the first three days after SAH, had been advocated 
by others (li, ~) based on clinical experience. 

An interim analysis of our efforts towards early operation shows that, 
in the years 1976 - 1978, only 18% of the patients came under our care 
within the first week after SAH (12); this figure has doubled in the 
last three years (37% in 1979 - 1981). This may be due to the intention 
of referring neurologists to obtain an early CT scan in order to assure 
the diagnosis. It may lead to a slightly "sicker" patient population at 
time of admission to our clinic (35% grade II patients compared to 27% 
previously; the percentage of the grades III and IV patients remains 
unchanged, 38%). Furthermore and more important: previously, the inter
val between SAH and operation was three weeks or longer for 50% of all 
patients. This percentage has dropped to less than 25%. While only 4.4% 
of all patients undergo operation within the first three days after SAH, 
47.7% of all patients are operated upon between days 4 and 14. This 
means a high percentage of patients being operated upon in a phase of 
developing vasospasm (which, at the time of decision to operate, can
not be detected clinically for any individual patient). The mortality 
and'morbidity may have been somewhat influenced by this development, 
with a slight increase of mortality from 8% for the period 1976 - 1978 
to 11% for the period 1979 - 1981. While previously 42% of all patients 
had been discharged in grade I, this figure has dropped to 26%, with an 
increase of the patients discharged in grades II and III. On the other 
hand, because of the reduced pre-operative time of conservative treat
ment, it should be possible to save some patients from a recurrent, may
be fatal hemorrhage, which would make up for the somewhat less satisfy
ing surgical results. 

As far as the detection of ICH is concerned, the value of CT is known, 
particularly when one has to decide about the mass effect of a hematoma. 
Similarly, the detection of a hydrocephalus after SAH, either pre- or 
postoperative, is facilitated by repeat CT examinations. Our figures 
are the same as YASARGIL's (20) with a 10% rate of patients requiring 
a VAD. Because of the good correlation of CT findings, clinical course 
and ventricular scintigraphy we think that the latter examination can 
be omitted when the indication for a VAD is discussed. 

Conclusions 

CT facilitates the management of patients after SAH; however, it is 
impossible, on the basis of the data presented in this study, to prove 
any beneficial effect of CT on the outcome of patients after SAH. Such 
a benefit might be expected if every patient presenting with the clin
ically based diagnosis of SAH undergoes immediate CT evaluation, to 
discover patients who risk vasospasm. This examination should be fol
lowed by early angiography and, if possible, by early operation. It 
remains to be seen from the Cooperative Aneurysm Study and the experi
ence of individual neurosurgeons to what extent this aggressive man
agement will reduce the mortality and morbidity figures of aneurysm 
patients by removing early from the subarachnoid space the agent causing 
vasospasm, i.e. blood, and by the definitive treatment of the bleeding 
source. 
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Introduction 

The indications for operation in spontaneous intracranial hemorrhage 
(ICH) are often questionable, especially in typical white-matter or 
basal ganglia hemorrhages in stroke patients where spontaneous re
sorption may yield a better functional result than an acute operation 
(9). However, any delay in the operation until clinical signs of de
compensation appear, adversely affects the prognosis by additional 
brain compression. 

We therefore investigated patients with ICH (with the ~xception of 
hematomas caused by ruptured aneurysms), which did not demand an imme
diate surgical intervention. We studied the course of the ICP and the 
EEG and tested the efficiency of these factors in the planning of treat
ment. 

Patients and Methods 

Patients 

We investigated 24 patients aged between 28 and 74 years, with a clear 
history of a spontaneous ICH. The clinical diagnosis was confirmed by 
a CT scan. Patients with hemorrhage from an aneurysm were excluded. In 
addition, only those patients were accepted in the study, who had the 
attack at least one day before admission and who did not need an imme
diate operation. In comparison with this group, we studies seven pa
tients with ischemic stroke, caused by the occlusion of branches of 
the middle cerebral artery. 

After improvement in the clinical condition angiography was performed 
on each patient to clarify the cause of the hemorrhage. 

Method 

After admission and initial investigations an epidural pressure trans
ducer was implanted frontally via a burrhole (5). The course of ICP was 
recorded continuously. Beside the simple ICP monitoring we made an anal
ysis of the ICP-modulations and calculated the regression slopes of the 
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width of the pUlse-amplitude (Am~) and the systolic Iep (Amp/lePs) in 
most of the patients. In addition, the Fourier power spectrum was done. 
The EEG was monitored continuously and the power spectrum was calcu
lated. 

At least twice a day the clinical condition of the patients was checked 
according to a modified Glasgow coma-scale. The course of the Iep, EEG, 
the Amp/lePs regression and the clinical condition were compared with 
each other, the most important factor being the clinical status of the 
patient. 

Results 

Course of ICP 

In nearly all patients (90%) with hypertensive ICH we observed criti
cal rises of the Iep (40 mm Hg) (Fig. 1 a). The most frequent occurrence 
of these Iep elevations was recorded between the second and the eighth 
day after the attack, with a maximum at the fourth day. 

In most cases (64%), the plateau waves reacted initially only to con
servative treatment, and an operation was necessary in the further 
development (Fig. 1 a-c). Only rarely (2%) did see a spontaneous re
covery after critical Iep rises in these patients, but in them, the 
Iep levels mostly remained below 40 mm Hg, and any acute conservative 
treatment by dehydration was not necessary. 

In all cases we found a good correlation between the clinical condi
tion and the Iep course (Fig. 1 a-c). A rise of Iep up to critical 
levels was always accompanied by a clinical deterioration, whereas 
a clinical improvement was sometimes delayed despite low Iep levels. 

In those patients suffering from an ICH caused by an angioma the Iep 
behaved quite differently. In these cases we also saw critical rises 
of Iep (Fig. 2a, b), but they could well be treated conservatively. 
As Fig. 2 a-c demonstrate, here also there is a good correlation be
tween the Iep and the clinical status. The occurrence of several 
plateau waves (29.4.) (Fig. 2a) is accompanied by a dramatic clinical 
deterioration (Fig. 2c). 

As Fig. 3a shows, the slopes of the Amp/leP s regression lines increase 
with rising Iep. Similarly the relation of the cardiac and respiration 
induced Iep modulations change in a characteristic manner: With rising 
Iep the respiration associated amplitude (RA) decreases, whereas the 
cardiac-induced amplitude (PA) increases. 

Table 1 . The ICP-course, the incidence of operation and the mortality 
of the investigated patients according to diagnosis 

Diagnosis n ICP > ICP < OP no OP + 
40 mm Hg 

ICH 19 17 2 1 1 6 5 
Angioma 5 3 2 5 
Strokes 7 0 7 7 

31 20 1 1 11 18 5 
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EEG 

The course of the EEG showed no differences between patients with hyper
tensive rCH and those with rCH caused by an angioma. On the contrary, 
the EEG power-spectrum failed to give any evidence of incipient 
clinical deterioration, as Fig. 3b and 3c demonstrate. Despite several 
plateau waves (Fig. 3c), the corresponding EEG power-spectrum shows no 
clear shift to slower frequencies (Fig. 3b). We only observed a distinct 
deterioration in the EEG after a more permanent rise in rcp. 

Statistical Evaluation 

As Table 1 shows, five of the 24 patients with spontaneous rCH had an 
angioma as cause for the hemorrhage. None of these five patients had 
to be operated on because of a decompensation of the ICP. All rises in 
rcp could be treated conservatively. 

rn clear contrast to this group, of the 19 patients with hypertensive 
rCH nearly 90% had critical rcp rises. Eleven of these patients (n=17) 
required operation, because of clinical decompensation accompanied by 
untreatable plateau waves. However, five of the operated patients died 
later on. 

rn comparison those patients with ischemia restricted to the area of 
the middle cerebral artery did not show any critical rises of rcp. 

Discussion 

The management of spontaneous rCH is still controversial. Some authors 
plead for early operative intervention in spite of the additional risk 
of destroying intact brain structures (3, 8). Others prefer a primarily 
conservative treatment (9). We tested the rcp and the EEG as possible 
factors for giving additional information for the timing of the oper
ation. 

rn all cases investigated, the rcp course correlates with the clinical 
condition (Fig. 1 a-c, 2 a-c). This corresponds to the findings of 
other authors (1, 7). The patients with hypertensive ICB had a maximum 
of critical rises of rcp between the second and eighth day after the 
attack, .with a maximum on the fourth day. These data demonstrate, that 
not only the blood clot itself, but also the edematous, necrotic and 
vasoparalytic reaction of the surrounding brain tissue plays an im
portant role in the further clinical development, as SUZUKI was able 
to show experimentally (11). rf critical rcp levels are reached, con
servative treatment usually fails to show more permanent therapeutic 
effects (4). Despite intensive conservative treatment, 80% of the pa
tients with hypertensive rCH had to be operated on later (Table 1). 
About 50% (Table 1) of the operated patients died, these results being 
in agreement with the statistical analyses of other authors (12). 

On the contrary, in patients with spontaneous ICH caused by an angioma, 
most critical rises of rcp could be treated conservatively (Fig. 2a-b). 
An acute operation was not necessary (Table 1). This observation can 
obviously be explained by the fact, that we never saw any edema in the 
surrounding brain tissue, e.g. caused by vasospasm. Here the rcp rise 
is only due to the blood clot itself, and a state of compensation can 
be reached without progressive vasoparalysis. Using the ICP as addi
tional observation, early operative intervention could be avoided in 
these patients. A delayed microsurgical operation brought much better 
results. 
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By means of the analysis of ICP modulations, we gained additional knowl
edge of the ICP course (Fig. 3a). Imminent rises of the ICP can be easi
ly detected by the increasing steepness of the Amp/ICP s regression 
slope, although the mean ICP is still low (2). Simjlarly, the relation 
of the expiratory and the cardiac amplitude-in the Fourier power-spec
trum support these results. 

On the contrary, the EEG monitoring gave no additional information 
(Fig. 3 b, c). An increase of ICP and the concomitant clinical deteri
oration are not shown by this. Sometimes the power-spectrum shifts to 
faster frequencies in the beginning, simulating a clinical improvement 
(6). Only after a more permanent deterioration of the clinical status 
does the EEG power-spectrum show a corresponding decrease of the fre
quencies. 

In patients with ischemic stroke caused by the occlusion of branches 
of the middle cerebral artery the ICP course was nearly always normal, 
so that in these cases an intensive therapeutic reduction of the ICP 
did not have to be attempted. 

Conclusions 

The ICP course gives a clear evidence of decompensation in a spontane
ous ICH and helps to decide the date for any operative intervention, 
whereas the EEG fails to give such information. With compensated ICP 
a further traumatizing acute operation can be avoided. 

In agreement with other authors (1, 7) we see the ICP when con
sidered in association with the clinIcal condition as a very important 
deciding factor for the treatment of patients with spontaneous ICH. 

Summary 

We tested the value of continuous ICP and EEG monitoring in patients 
with spontaneous ICH. The ICP course showed a clear correlation with 
the clinical condition, whereas the EEG failed to give any hints of 
an imminent clinical deterioration. Also, no clear correlation of the 
rising ICP and EEG power-spectra could be found. 

The ICP data of patients with hypertensive ICH differed from those of 
patients with ICH caused by an angioma. If ICP elevations occurred in 
the group of patients with hypertensive ICH, they could often be treat
ed conservatively only initially. In 90% of the patients examined, a 
decompensation of ICP was observed and an operative intervention was 
necessary. 

Patients with ICH caused by angiomas, however, often had only mild 
rises of ICP, which could well be treated conservatively. An operative 
intervention could be delayed until a better clinical state was 
achieved. 

Beside the clinical condition, we therefore consider the ICP as a very 
important factor in deciding the treatment of patients with spontaneous 
ICH. 
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Introduction 

In many diseases of the brain such as traumatic lesions and tumors, 
it is important for the prognosis and the therapeutic procedure to 
take into account the size of the space-occupying lesion. 

Before the introduction of computer-tomography (CT), the prognostic 
significance of the size of the intracerebral hematoma (ICH) was dis
puted. McKISSOCK et al. and CUATICO et al. considered that the level 
of consciousness and the site but not the size of the ICH are decisive 
for the prognosis. STEINER et al. (1975) observed a relation between 
prognosis and the volume of the hematomas in cubic centimeters as cal
culated by CT. 

We have calculated the hematoma volume in 352 patients with intra
cerebral hematomas of various etiology (202 spontaneous and 150 trau
matic hematomas). The relationship between the size of the ICH and 
the level of consciousness, the location, age, etiology, treatment, 
and midline shift are investigated and the results discussed. 

Methods 

The progress of all patients with an intracerebral hematoma examined 
by CT in the period from July 1974 to June 1980 was recorded. There 
were 352 patients with hematomas of varying etiology (150 brain in
juries, 92 hypertensive ICH, 41 aneurysms, 12 angiomas, 8 microangio
mas, 9 anticoagulants, 9 miscellaneous, 32 unknown). The following 
conditions were not investigated: gunshot injuries, small hemorrhages 
(less than 3 ml), tumor bleeding, hemorrhages due to an operation and 
children under 14 years old. 

Follow-up examinations of the 158 surviving patients were carried out 
six months to three years after the hemorrhage in the period from 1978 
to December 1980. 

The size of the hematoma is determined by addition of the values cal
culated planimetrically in the inaividual slices (thickness 1 cm). The 
intracerebral and intraventricular portion of the ICH is calculated 
separately. The most important factors (etiology, level of conscious
ness, age, treatment, size, site, midline shift) are investigated by 
means of an analysis of variance with regard to prognosis and degree 
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of disability. The level of consciousness was classified into ten 
categories; the degree of disability into five categories. 

Results 

The total size of the ICH comprised the size of the actual intracere
bral hematoma and of the intraventricular portion. The total size of 
the hematomas ranged from 3 to 245 mI. 

Of the 352 hematomas, 243 measured from 3 to 40 ml, 70 between 41 and 
70 ml and 39 had a volume in excess of 71 mI. 

With regard to survival, four groups were distinguished (Fig. 1). The 
first group comprised 243 cases with a hematoma size of 3 to 41 ml; of 
117 operated patients, 67 survived whereas 63 out of 126 nonoperated 
patients survived. In this first group, a non-significant difference 
was shown with regard to survival between the operated and the non
operated patients. In the second group with a total size of the ICH 
of 41 to 70 ml, ten out of 42 operated patients survived and only 
three out of 28 non operated patients. In the third group )from 71 to 
120 ml), six out of ten operated patients survived, the nonoperated 
patients died. Out of 13 patients with a hematoma volume of 121 to 
250 ml (fourth group), none survived. 

Figure 2 shows the size of the hematomas in the cerebral hemispheres. 
Of the traumatic ICH, those operated patients with an ICH size up to 
60 ml and of the nonoperated patients up to 30 ml survived. In the 
spontaneous ICH, operated patients with a volume up to 120 ml sur
vived, and with one exception only up to 40 ml in the nonoperated pa
tients. Of the 16 cerebellar ICH, seven survived (five of these were 
operated on); hematomas in excess of 20 ml did not survive (Fig. 3). 

The size of the 84 hematomas originating from the basal ganglion region 
(9 traumatic, 75 spontaneous) ranged from 10 to 200 mI. Of the nine 
traumatic ICH, three survived (with only one hematoma under 10 ml) . 
Of the spontaneous ICH (19 operated, 56 nonoperated), 26 out of 43 
cases survived with hematomas up to 60 mI. Larger hematomas did not 
survive without operation. Of the 13 operated patients with an ICH 
size up to 60 ml, five survived. Of four operated patients with an 
ICH between 60 to 90 ml, three survived. Only "lateral types" were 
operated on (KWAK et al.). 

The relationship between the level of consciousness and the size of 
the hematoma was examined statistically (FISHER test). with regard to 
the traumatic ICH, no significant relation was shown at a probability 
level of p < 0.01. In the spontaneous ICH, there is a high significance 
(p > 0.01) .-With increasing size of the hematoma, the depth of the dis
turbance of consciousness increases. The results of the analysis of 
variance with regard to the prognosis are contained in Table 1. The 
level of consciousness (coma / no coma) clearly had a very great sig
nificance. The other factors (size, operation, age) had less signifi
cance. Etiology, location and midline shift had no demonstrable in
fluence on the prognosis. 

The ranking sequence of the effects with regard to the degree of dis
ability is shown in Table 2. The location of the ICH was decisive for 
the degree of disability. The size, age, and level of consciousness 
then followed. Compared to the results in terms of the prognosis, it 
is noticeable that the etiology and operation had no demonstrable in
fluence on the degree of disability. 

100 



Table 1. Results of the variance analysis: ranking sequence of the 
effects with regard to prognosis (n = 352) 

Effects Classes N p 

(factors/interactions) (Mortality 
in %) 

Level of consciousness nl Non comatose 145 (24%) 0.000 01 

n2 Comatose 207 (78%) 

Operation / 
level of consciousness 0.019 

Age nl < 40 years 144 (47%) 

40 208 (61%) 
0.024 

n2 > years 

Size nl < 30 cm3 203 (43%) 

30 cm3 149 (72%) 
0.026 

n2 > 

Operation nl yes 174 (47%) 

178 (63% ) 0.043 
n2 no 

Table 2. Results of the variance analysis: ranking sequence of the 
effects with regard to the degree of disability (grade 1 to 5) in 
the survivors (n = 158) 

Effects Classes N Means value p 

Site nl Lobar 105 2.23 0.000 001 

n2 Central 

Size nl < 30 cm3 116 2.32 0.000 003 -
n2 > 30 cm3 42 3.00 

Age nl < 40 years 78 2.25 0.000 003 

n2 > 40 years 80 2.72 

Level of nl Non comatose 111 2.36 0.000 003 
consciousness Comatose 47 2.80 n2 

Discussion 

We have calculated the volume of the ICH (which ranged from 3 to 245 rol) 
on the basis of the method described by STEINER. According to STEINER, 
the measurement error is + 3 -to 9% with a slice thickness of 13 rom (in 
our measurements 10 rom); others report the error in volumetry as 7% 
(PENTLOW et al.). 

As regards the prognosis the analysis of variance shows that the size 
of the ICH follows in the ranking of various factors after the level 
of consciousness. In the surviving patients the size of the hematoma 
affects the extent of the disability. 

In the hemispheres, the size of the ICH is of prognostic significance 
when it is over 30 to 40 ml; in hematomas in excess of 70 ml, only 
operated patients survived. The size of the ICH in those who do not 
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survive is about one tenth of the normal brain volume. Acute space 
occupying lesions can evidently be compensated by reserved spaces of 
the CSF (about 120 ml) up to one tenth of the brain volume (FURUSE 
et al., 1976). 

There is a statistically demonstrable difference between the size of 
the hematoma and the disturbance of consciousness in spontaneous ICH, 
but not in traumatic hematomas. Extensive edema may be present in 
traumatic lesions. The perifocal and generalized brain edema which, 
together with the hemorrhage, determine the size of the space-occupy
ing lesion and the intracerebral pressure were not measured quantita
tively. 

Conclusion 

It is important to take into account the ICH size when deciding the 
indications for operation and in prognostic evaluation. 
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Fig. 1. Size of ICH with 
regard to treatment and 
survival 

Fig. 2. Size of traumatic 
ICH in the cerebral hemi
spheres with regard to 
treatment and survival 
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An analysis of results of surgical treatment in spontaneous intracere
bral hematomas (ICH) before the era of computer tomography (CT) shows 
that the indication for operation should be restricted especially in 
cases of deep location and hypertensive etiology (KARIMI-NEJAD, HAMEL 
1980). Also those ICH of different depth and extent which could not be 
seen on angiography can be verified by CT. This improvement in diagnos
tic possibilities may mistakenly lead to surgical treatment even of 
those ICH which may be expected to show a better outcome under con
servative treatment. By comparing the clinical course of 160 operated 
and 45 conservatively treated cases of ICH with particular considera
tion of the CT findings, guiding principles either for conservative 
or surgical treatment should be worked out. 

Table 1 shows the total number of ICH, their etiology and age distribu
tion. ICH of unknown etiology usually occur in young people, those of 
hypertensive and coagulopathic etiology in older people. 

Table 2 shows the location of ICH in relation to their etiology. A pre
ference for the temporal region is evident in cases of hypertensive 
etiology. 

Table 1. Spontaneous intracerebral hematomas - etiology and age 
distribution 

Age Hypertensive Coagulopathic Unknown etiology 

No. % No. % No. % 

o - 10 

11 - 20 3 5 

21 - 30 6 5 35 55 

31 - 40 13 12 4 6 

41 - 50 31 28 2 7 

51 - 60 42 37 7 24 

61 - 70 15 13 11 38 

71 - 6 5 9 31 

n = 113 n = 29 n = 64 
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Table 2. Spontaneous intracerebral hematomas - etiology and location 

Hypertensive Coagulopathic Unknown Total 
etiology 

No. % No. % No. % No. % 

Frontal 12 11 9 33 18 28 39 1 9 

Temporal 81 72 15 56 27 42 123 60 

Parietal 17 15 2 7 17 27 36 18 

Occipital 3 2 4 2 3 6 3 

Factors Which Influence the Clinical Course 

Prognosis was influenced considerably by the state of alertness either 
pre-operative or at time of admission. Surgically as well as conserva
tively treated patients show a high mortality of 82% and 91% if they 
are unconsciousnes at this time. It must be emphasized that conserva
tively treated patients who are unconscious represent a group of nega
tive selection because of their usual preterminal general condition. 
In contrast to these unfavourable results alert patients seem to have 
good prognosis with a low mortality rate of 17% and 8% and often, in 
addition a complete recovery in their later clinical course (see Fig. 1). 
So, in cases of ICH without any clouding of consciousness no indication 
for operative intervention can be seen. 

Location 

Table 3 shows the clinical course in relation to the location of 
hemorrhage. The unsatisfactory results in cases of temporal lesions 
which has already been pointed out by other authors (PIOTROWSKI 1980) 
must be confirmed. 

Table 3 a, b. Outcome in relation to location of hemorrhage 

a Surgically treated 

Frontal 
No. % 

Died 21 58 
Need care 3 8 
Disabled 6 17 
Fit 6 17 

n = 36 

b Conservatively treated 

Died 
Need care 
Disabled 
Fit 

106 

Frontal 
No. % 

33 
33 
33 

n = 3 

Temporal 
No. % 

57 66 
12 14 

5 6 
12 14 

n = 86 

Temporal 
No. % 

24 67 
5 14 
4 11 
3 8 

n = 36 

Parietal 
No. % 

8 25 
10 31 

8 25 
6 19 

n = 32 

Parietal 
No. % 

1 
2 

n = 3 

33 
67 

OCCipital 
No. % 

3 50 

2 33 
1 17 

n 6 

Occipital 
No. % 

50 

50 

n 2 



Extent of Hemorrhage 

Figure 2 demonstrates the relationship between mortality rate and ex
tent of intracerebral hemorrhage determined as its greatest diameter 
in the CT picture. Especially with an ICH of more than 5 cm in greatest 
diameter, the mortality also increases to a high level of 66% and 82% 
under surgical and conservative treatment. 

Depth of Hemorrhage 

Figure 3 demonstrates the even closer relationship between mortality 
rate and depth of hemorrhage as it can be verified in CT. In ICH of 
unknown or coagulopathic etiology and at a depth of three cm or less, 
no case of a fatal outcome could be seen. In deep ICH the mortality 
rate increases to 75% and is more independent of its etiology and 
treatment. 

Pareses 

We studied the clinical course of pareses as verified on admission or 
pre-operatively and graded them as follows: 

0: without pareses 
1: mild hemiparesis 
2: moderately disabled because of hemiparesis 
3: severe hemiparesis, needs help 
4: hemiplegia. 

Figure 4 shows that in surgically as well as in conservatively treated 
patients an improvement in the severity of hemiparesis could be seen 
in the later clinical course. 

In 6 of 31 (n 1+%) surgically treated patients and 2 of 16 (= 13%) 
conservatively treated patients no change in the degree of paresis 
could be found. An improvement of one degree as explained above had 
been observed in 18 (= 58%) surgically treated and 14 (= 87%) con
servatively treated patients. In four cases of operated ICH a mild 
hemiparesis developed as a result of the surgical intervention. Pa
tients with a fatal outcome have been left out of consideration here. 

Midline Shift in CT 

In cases of a midline shift between 6 and 10 mm verified by CT we 
found a fatal outcome in 54% of our surgically treated patients 
(n = 13) and in 62% of our conservatively treated patients (n = 8). 
If there is a greater midline shift (of more than 10 mm), mortality 
rate increases to 62% in surgically treated (n = 19) and 83% in con
servatively treated patients (n = 6). So, comparing these results, 
there is a trend to a better outcome for an operated ICH with distinct 
signs of midline shift in space-occupying intracerebral haematoma. 

Tendency of Clinical Course 

Comparing the clinical course of operated and conservatively treated 
patients we judged its tendency by the following symptoms: 
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1,. hemiparesis 
2. anisocoria 
3. clouding of consciousness. 

If there is a tendency to deterioration in the clinical course with 
progressive clouding of consciousness and progress in hemiparesis, 
a more favourable outcome may be expected from surgical treatment 
(see Fig. 5). 

On the other hand if patients with a tendency to deterioration of 
hemiparesis or state of alertness were operated on, their mortality 
rate was determined above the general average of mortality in surgical
ly treated patients. Those patients treated conservatively show a mor
tality rate corresponding to the general average of mortality in non
operated patients. It should be pointed out again that this group of 
patients represents a negative selection because of their initial bad 
general condition which is a contraindication to operation. 

Summary 

The clinical course of 160 operated and 45 conservatively treated pa
tients has been analysed. Hypertensive etiology of ICH, temporal lo
cation, great extent and especially depth as could be verified by CT, 
and clouding of consciousness are common signs of unfavourable prog
nosis. The results of our study demonstrate that in case of space
occupying hemorrhage and edema in the hemispheres with distinct signs 
of midline-shift, operative intervention shows the more favorable 
outcome. Focal neurological signs such as hemiparesis cannot provide 
a reason for operative intervention-except in case of progressive de
terioration when, in general, operation shows the better outcome. In 
case of an improvement in the patients condition no further indication 
for operation can be seen. 

Conclusion 

Comparing the clinical outcome of 160 operated and 45 conservatively 
treated patients the following guiding principles for operation can be 
worked out: 

hemorrhage in the hemispheres in patients with clouded consciousness 
hemorrhage and oedema with definite signs of midline-shift 
deterioration in the later clinical course under conservative treatment. 

Focal neurological signs such as hemiparesis cannot by themselves be 
a reason for operation because their recovery can also be expected 
under conservative treatment. Also in alert patients the results of 
conservative treatment are better. In case of improvement in the pa
tients condition under conservative treatment as can sometimes be seen 
even in deep comatose patients (grade III or IV) operative intervention 
shows the more unfavorable outcome. 

References 

1. Karimi-Nejad, A., Hamel, A.: Comparative study of the results in 
spontaneous and traumatic ICH. In: Spontaneous intracerebral 
haematomas. Pia, H.W., Langmaid, C., Zierski, J. (eds.), pp. 310-
316. Berlin, Heidelberg, New York: Springer 1980 

108 



2. Piotrowski, W.: Spontaneous ICH - Prognosis and Discussion. In: 
Spontaneous intracerebral haematomas. Pia, H.W., Langmaid, C., 
Zierski, J. (eds.), pp. 262-263. Berlin, Heidelberg, New York: 
Springer 1980 

clOud i"9 of C onUIOU 50 or 
100 0/0 ,.."_n_,o_".,."-::'o.,.."'_OO_'_' ,--'_O"_"7:;ou=-sn_. ,_,-,_"_'"-,"",' -.;' ,,--"_d'_Om---,' 100 ./. 

0'/. 

• di~d m n~~d car~ 
a 

0"10 

o mod~rat~ty disabt~d o tit torlNOrk 

b 

Fig. 1. Results in relation to state of consciousness; a surgically 
treated (n = 160); b conservatively treated (n = 45) 

Mor,tooatity 

% 

80 

n,:7 
-4 
·····6 
·····2 

n ,= 28 
-18 
.•... 6 
_ .... £. 

>5 em d,am<!1<lr 

a 

n, =11 

rw-tal~ 4 

n,: 16 
-8 
·····2 

n, : 18 
-11 
·····4 
····· 3 ····· 6 % ·····3 

._.· 4 
80 

60 

40 

20 

82'/, 
~ 75'/, 

......... 66'/, 

50 '/,/:::: .,/ 
... ,,::sO'/, 

33'/ .•.•• ·~0a9ulopalh;c 
., •• ?~~4 

25 "-unknown 
25,/, <ll,otogy 

>3- ~5 

b 

>5 em 
diarNt~r 

Flg. 2. Results in relation to diameter of spontaneous intracerebral 
hematomas; a surgically treate d (n = 56); b conservatively treated 
(n = 45) 

109 



80 

60 

40 

20 

1\= 9 
--4 
·······2 
-····· 3 

1\ = 20 
-II 
······· 4 
...... 5 

unknown 
etIology ./ 

" ... 40·'·"'-
.Is:' 

hYP"r.!."nslv(l/ "i7 .• f 
25.'. ./ ...... 25·/. 

.... "", , ;::""'coagulopalhlC 

.,;3 :»- ~5 

a 

n, = 27 
800/0 - 18 
76% ··· ··· · 5 
75% ······ 4 

>5 em d«plh 

Mortality n = 12 n, = 12 n. = 21 
100 -' - 5 I 6 .-,00 % -12 

% ·· ..••..• 3 .= 2 .. ' 92 % .... 4 

80 ········ 4 ···· 4 83% ....... : ..... 80 % ···· 5 

hypertl'll - ./ ./ 
60 Slve I o,t, ..... . / 

SO .~~,·GnkllCMl 
.• ';/ etlolO<jr 

40 
" :;::: .. , 

20 coagulo - .::' 
patf,,, ••••• 

," 

< 3 

b 
>5 cm 

depth 

Fig. 3. Results in relation to depth of spontaneous intracerebral 
hematomas; a surgically treated (n = 56); b conservatively treated 
(n = 45) 

paresIs OP , 
deteroo-
rol lon 3 01 
paresIs 2 

o 

0-' seven ty of paresIs 

a 

pOIr«sis , 
3 

2 

o 

.. ' .. .. . , ," 

o ' ~ W~ 
0-1. : sever i ly 01 poresls 

b 

Improvement 
of poresls 

Fig. 4. Clinical course of pareses in patients with rCB; a surgically 
treated (n = 31); b conservatively treated (n = 16) 

n =l n =9 Mortali tyr-'-=-,----'--,--'-'-=-----, 

% 
so 

progress of 
hemIparesis aniso(oria 

a 

clouding or 
(on'SCiousne~$ 

Mortahty r-.......!..L:c!.....-,-.....!..!..:.~-,-.....!.:..:.~-; 

% 

progress 01 
hemi pa resis 

b 

cloud ing 01 
consciousness 

Fig. 5. Results in deterioration of clinical coursei a surgically 
treated (n = 32); b conservatively treated (n = 15) 

110 



Value of CT Scan in the Prognosis of Spontaneous Intracerebral 
Hemorrhage into the Ventricular System 

J. Piek and Ch. Lumenta 
Abteilung fUr Neurochirurgie, Medizinische Einrichtungen der Universitat DUsseldorf, 
Moorenstrasse 5, 0-4000 DUsseldorf 1 

Introduction 

A direct demonstration of spontaneous intracerebral hemorrhage into 
the ventricular system is not possible by conventional neuroradiologic 
methods. By using CT scan, the site, size, and volume of such bleeding 
can be measured and determined exactcly, as well as the type of distri
bution within the ventricular systerrl. However, the clinical state and 
natural course produced by such hemorrhages vary and are strongly in
fluenced by individual factors. 

The purpose of this study was to establish an exact prognosis of spon
taneous intraventricular hemorrhage based on the CT scan findings on 
admission. 

Material and Methods 

The diagnosis of spontaneous intraventricular hemorrhage (IVH) was 
made by means of the CT scan in 72 pa.tients admitted to our clinic 
from 1977 - 1981. In 58 patients the primary CT scan was performed 
within 8 hours of the spontaneous IVH. Twenty-four patients beyond 
this eight hour limit were excluded ::rom this study. The clinical 
state was determined using the Glasgow coma score. CT findings were 
analysed as shown in Fig. 1. The results obtained by this CT classi
fication were compared with the rates of survival. 

Neuropathological examinations were carried out in all fatal cases. 

Results 

EpidemioLogy 

Age and sex distribution showed a sex ratio of nearly 1 : 1 (30 males 
to 28 females in our patients) with a preference for the sixth and 
seventh decade. 

EtioLogy 

Underlying diseases included hypertem;ion (30 patients; 51.5%), vas
cular malformations (five angiomas and six aneurysms; 19.5%), and dis
orders of coagulation - all due to Cumarine therapy (five patients; 
9.5%). In 11 patients the etiology of IVH remained unknown. 
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Clinical State 

Using the GCS it varied from 3 - 14 points with a mean score of 5.65 
points. In cases of IVH only the lowest mean score found was 4.7 points. 
Patients with supratentorial hemorrhage had a mean score of 5.8 points 
whereas the best mean score of 6.2 points was found in cases of infra
tentorial bleedings. 

CT Findings 

Location and Volume. Out of our 58 patients there were 42 cases (72.5%) 
of supratentorial hemorrhages, 34 of which were located in the temporal 
(most frequently deep gangliobasal) region. Three occipital, three 
parietal, and two frontal intracerebral hemorrhages had also ruptured 
into the ventricular system. Ten hemorrhages (17.25%) showed a purely 
intraventricular distribution and six (10.25%) were in the posterior 
fossa. 

The volume of intracerebral blood was measured mathematically and 
showed a mean volume of 51.3 ml (min. volume 6.5 ml; max. volume 
130.8 ml) in supratentorial and of 6.7 ml (min. volume 1.2 ml; max. 
volume 14.5 ml) in infratentorial hemorrhages. 

Intraventricular Distribution. The type of intraventricular distribu
tion is shown in Fig. 2. A quite homogeneous type is found in cases 
of IVH only. Suprdtentorial hemorrhages show a diminishing frequency 
from the ipsilateral lateral ventricle down to the fourth. The same 
type of distribution but in reverse order is found in cases of infra
tentorial hemorrhages. 

Mass Effects. Indirect signs of space-occupying lesions in our 42 cases 
of supratentorial ICH with IVH include local edema (100%) and compres
sion of the lateral ventricle (96%) in the ipsilateral hemisphere as 
well as a shift of the midline (69%), contralateral edema (69%) and 
compression of the contralateral lateral ventricle (32%). In an axial 
direction mass effects are observed ipsilateral (82%) and contralateral 
(70%) demonstrated by compression of the parapontine cisterns. 

Survival Rates 

Of all our patients 32% died within the first 24 hours after admission. 
Another 34% did not survive the first seven days after the IVH had oc
curred. Out of 34% of our patients surviving longer than seven days 
another quarter died during the next four weeks, most frequently from 
secondary complications such as severe pulmonary infections, gastro
intestinal bleeding, and thromboembolism. Thus the total survival rate 
was 25.5% after four weeks. 

This survival rate includes those patients treated by operation (ex
termal CSF drainage in three patients, operation for removal of the 
hematoma in six cases) and also those managed conservatively. Operative 
treatment was performed only on patients in a good or excellent condi
tion (GCS 8 points or higher). 

Correlation Between CT Findings and Survival Rates 

Correlation between CT findings on admission and survival rates is 
shown in Figs. 3 and 4. Almost two-thirds of our patients in each group 
of supratentorial, infratentorial and intraventricular hemorrhage died. 
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The mean volume of the hematoma in our 42 patients with supratentorial 
hemorrhage not surviving the first day was 74.81 mi. Patients dying 
during the first week after IVH showed a mean volume of intracerebral 
blood of 37.89 mi. Patients surviving the first week had a mean volume 
of 18.89 mi. Only one patient with a volume higher than 74.81 ml sur
vived longer (three days) than 24 hours; another one with a blood 
volume of more than 37.89 ml survived the first week after IVH (death 
occurred after nine days). 

Correlation made between the type cf intraventricular distribution and 
survival rate showed that patients in those cases in which only one 
lateral ventricle was involved survived longer than the first week in 
58% of our cases. Involvement of two lateral ventricles and/or the 
third ventricle reduced survival rates to 40%. With the fourth ventricle 
involved in IVH only 28% of our patients survived the first week. Side
to-side mass effects of the space-o~cupying supratentorial hemorrhage 
gave a mortality rate of 16.4% only (2 of 13 patients) if these signs 
could be seen only on the side of the hematoma. Mortality-rate was 
much higher in patients when mass-e:=fects were also seen in the contra
lateral hemisphere (85% of 29 patients). Unilateral compression of the 
upper brain stem does not seem to influence mortality very much, as 
unilateral compression of the parapClntine cisterns of almost the same 
frequency was found in both groups. 

Discussion 

Using the present CT classification analysis of primary CT scan find
ings can in our opinion help to establish an exact prognosis in pa
tients with spontaneous IVH on admission. 

The site of the intracerebral hemorrhage does not seem to have a great 
influence on the prognosis in such patients. The volume of intracere
bral blood, distribution of intraventricular blood, and side-to-side 
mass-effects are of much more importance. 

Operation does not seem to be helpful in cases which are expected to 
die within the first 24 hours, accorcing to their CT scan findings on 
admission. On the other hand operaticn may be helpful in cases ex
pected to survive this 24 hour limit. To obtain exact indications for 
operation in such cases, analysis of many more cases seems to be neces
sary as regards CT findings, epidemiological data, etiology, and clin
ical course. 
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Fig. 3. CT findings, mortality and survival rates in patients with 
spontaneous IVH (Neurosurg. Clinic of Dlisseldorf, 1977-1981, n = 58) 
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Spontaneous Infratentorial Hematomas: CT and 
Angiographic Findings-Prognosis 

G. Scharek and H. Vogelsang 
Abteilung fOr Neuroradiologie, Zentrum Radiologie der Medizinischen Hochschule Hannover, 
Karl-Wiechert-Allee 9, D-3000 Hannover 61 

Today CT is able to demonstrate intracranial hemorrhage quickly and 
with certainty. This also applies to the posterior cranial fossa. How
ever, angiography is required to clarify the etiology (13) _ Prognostic 
inferences from CT are only possible to a limited exten~ 

Investigation Material 

Among 324 spontaneous intracranial hemorrhages, 28 (8.6%) were local
ized infratentorially. The age of the patients ranged from neonates 
to 81 years old (average 43.7 years). Thirteen patients were female, 
and 15 male. In about 22 patients who had been admitted as in-patients 
to the University Medical School in Hanover (MHH), the patient records 
gave information on the further course. The period of observation, in
cluding possible out-patient follow-up care, averaged six months, but 
was in some cases up to 4 years. In six patients who had returned to 
the referring hospital after CT, we were not informed of their further 
course. 

Results 

The site of the hemorrhage in the posterior cranial fossa was in the 
cerebellum itself in 11 cases, in the brain stem in nine cases, with 
a combination in five cases. The subarachnoid space alone was filled 
with blood in three cases. Sixteen of the 28 patients had a rupture 
into the ventricle in addition, and 14 patients had developed an in
ternal hydrocephalus (Table 1). 

Table 1. Location of hemorrhage in the posterior fossa 

Cerebellum 
Brain stem 
Combination 
Subarachnoid 
space 

Total 

N 

11 
9 
5 

3 

28 

Extension into 
ventricles 

7 
3 
4 

2 

16 

Hydrocephalus 

9 
3 
2 

14 
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The maximum diameter of the hematoma was between 0.5 and 7.0 cm. Those 
in the region of the cerebellar vermis tended to invade the ventricular 
system. The same applied with increasing size of the hematoma. 

Angiographic display of the vertebal-basilar arterial circulation was 
regarded as clinically indicated in only 11 patients. A cerebrovascular 
malformation (an aneurysm in one case and an arteriovenous angioma in 
another case) could be demonstrated as the cause of the hemorrhage. 
There was a marked vascular lesion in one case. There were signs of 
infratentorial space-occupation in five cases and normal findings in 
three cases. 

Clinically, hypertension (eight cases) and disturbance of coagulation 
(three cases) were the most frequent causes amongst the 22 cases ad
mitted as in-patients to the MHH. However, the etiology of the hemor
rhage remained unclear in eight patients. 

For treatment, a surgical intervention with clearance of the hematoma 
was performed three times, and a ventricular drainage system applied 
five times because of developing hydrocephalus. Otherwise, treatment 
was conservative. 

Prognostically the isolated brain stem hemorrhages and combined brain 
stem/cerebellar hemorrhages were the most unfavorable (Table 2). In 
all, almost 50% of the patients followed up died, the survival time 
amounting to a few hours up to three weeks. 

Discussion 

Fresh intracranial hematoma can be demonstrated and localized with 
certainty by computerized tomography (3, 17, 20). This also applies 
to hemorrhages in the posterior cranial fossa~16), whereas in this 
region the evaluation of other lesions is limited (12). Nevertheless, 
the delimitation of a hemorrhage in the deep basal tomography can be 
impeded by artefact formation when registration is not optimal. The 
density uptake of a hematoma focus up to hypodensity does not corre
spond in every case to complete resorption of the coagulated blood 
with a cystic residue, but may also be due to a residual hematoma (15). 
This could also be confirmed in one of our own cases (Fig. 3). Other
wise, the infratentorial resorption processes proceed in time and in 
a qualitatively similar way to that of the supratentorial hematomas 
(19) as can be seen from Fig. 1 and 2. In contrast to the supratento
rial hemorrhages, there is frequently a secondary rise in pressure 
resulting from increasing CSF obstruction and the development of hydro
cephalus (10) in the special topographical conditions in infratentorial 
hemorrhage~ This was the case in 63% of the patients who could be 
checked in our own material. Here, the computer tomogram is a decisive 

Table 2. Hemorrhage in the posterior fossa; location - treatment -
prognosis 

Location N 

Cerebellum 10 
Brain stem 5 
Combination 4 

Total 19 

118 

Treatment 
Shunt Operative Conser

vative 

5 3 
1 

6 3 

3 
4 
4 

11 

Neurological 
deficit 
Minor Major 

4 
1 

5 

3 
1 
1 

5 

Death 

3 
3 
3 

9 



aid in progress control, especially when considering measures for CSF 
drainage. 

Even if it is indispensable to demonstrate the cause of a hemorrhage, 
the results of vertebral/basilar angiography when performed was dis
appointing. A cerebrovascular malformation could be diagnosed in only 
two cases. As known for the intracerebral hemorrhages (8), the most 
frequent cause of spontaneous infra tentorial hematomas is likewise 
hypertension, followed by disorders of coagulation. The extent to 
which microangiomas playa role, especially in childhood (14) must be 
left open, since the patient material investigated was too-Small and 
the angiographies were also frequently carried out in emergency situ
ations and without later controls. 

In the parenchymatous hemorrhages, as expected the mortality rises 
with increasing size of hematoma. The site of the hemorrhage plays an 
important role in the prognosis. Isolated brain stern hemorrhage (60%) 
and combined brain stern-cerebellar hemorrhages (75%) generally had a 
poor prognosis, but they could be survived. A 15-year-old boy sur
vived a brain stern hematoma 2.5 cm in size, with rupture into the 
ventricle and CSF obstruction without appreciable residues after a 
pressure-relieving operation. Favorable progress courses with and 
without operation has been reported in many cases (1, 2, 4, 22), so 
that even brain stern hemorrhages are not generally to be rated as 
hopeless from the start. The same also applies to extensive cere
bellar hemorrhages (18, 21) (Fig. 1), in which even cases treated 
with purely conservative-measures have a chance of survival (6, 9). 
In neonates and children with and without operation, especially fa
vorable outcomes have been reported (5, 7, 11, 14). There is the 
case of a neonate with primary coma and subsequent respiratory ar
rest which initially appeared to be hopeless (Fig. 2). This patient 
survived with an astonishing remission under conservative intensive 
medical treatment alone. 

To summarize, it can be stated that around 9% of spontaneous intra
cranial mass hematomas are located infratentorially. Angiography clar
ifies the etiology only in a very small percentage "of cases and the 
mortality is almost 50%. However, even massive hemorrhages into the 
cerebellum, hemorrhages into the brain stern with and without rupture 
into the ventricle are survived and can heal up with relatively slight 
neurological deficits. 
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Fig. 1. Male, 62 years. Spontane ous 
cerebellar hemorrhage , righ t side 
with penetration of the fourth 
ventricle and aqueduct, hydrocephalus. 
Treated conservatively. Control CT 
six weeks later: normal findings. 
No neurological deficit 

Fig. 2. Newborn, female. Massive hemorrhage in the posterior fossa, 
coma and respiratory arrest. After conse rvative treatment 3.5 months 
later in the control CT only a minor defect in the region of hemorrhage. 
No neurological deficit, but retardation of development 
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~~. Female, 42 years. Two months ago acute disease with cerebellar 
signs. CT shows a cystic lesion at the right site of cerebellum, near 
fourth ventricle. An old hemorrhage was seen at operation. Very good 
rehabilitation in the last 5 years 
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Acute Intracranial Hemorrhage Following Thrombosis of 
Cerebral Veins and Dural Sinuses 
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Knowledge of the sequelae of thrombosis of dural sinuses was first re
ported by RIBES in 1825. Since then, despite many investigations on 
the entity, it still remains a challenging diagnostic and therapeutic 
problem with a high mortality rate, 40 - 81%, especially in cases as
sociated with intracranial hemorrhage (5, 6, 8, 11, 13, 15, 19). Since 
the introduction of cerebral computerized tomography~CT~ many of 
these cerebral venous sinus thromboses (CVST) and their sequelae can 
be promptly suggested ,or diagnosed during life, when they are taken 
in conjunction with the clinical picture and supplemented with cere
bral angiography (1, 3, 5, 10, 14). In spite of the advances in the 
medical and surgical treatment of vascular thrombosis, their effect 
on the CVST remains controversial, limited and questionable so that 
there is a need for further investigations (l, 6-9, 11-13, ~, ~, 
E,~)· 

During the past six years, five cases of CVST associated with acute 
intracranial hemorrhages (ICH), have been seen and treated in the 
departments of neuroradiology and of neurosurgery, at the University 
hospital Frankfurt. The purpose of this communication is to analyse 
the clinical course of our cases, comparing them with those in the 
literature, and discussing the recent problems and pitfalls in the 
diagnosis, and treatment, as well as the autopsy findings. Two ex
ample cases are briefly described below. 

Case 1: A 46-year-old male was admitted after ten hours of severe head
ache and vomiting. On admission he was in coma, had a dilated pupil on 
the right, loss of corneal reflexes, left hemiparesis and decerebrate 
rigidity. B.P. 130+180 mm Hg, pulse 80/min. The findings of the coagu
lation studies were unremarkable. CT revealed multiple hemorrhages, 
right parieto-temporo-occipital with compression of the right lateral 
ventricle and a mass effect. Cerebral angiography showed an avascular 
right temporo-parietal mass with stasis of the venous outflow. Cranio
tomy was performed and bloot clot removed. In addition, a decompressive 
right temporal lobectomy was carried out. He was then treated with 
dexamethasone, frusemide and anticoagulants. His clinical course de
teriorated and he died ten days later. Autopsy confirmed thrombosis 
of the right parietal cortical veins with massive multiple confluent 
hemorrhagic ischemic changes right parieto-occipital, as well as 
hemorrhagic infarction in the left occipital region. 

Case 2: This 43-year-old male had suffered from deep vein thrombosis 
in the left leg for ten months. He had a herniotomy performed ten days 
ago and was discharged one week later in good general condition. He was 
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admitted to us after he had developed disorientation, retrograde am
nesia, angularis syndrome, dilated left pupil and hemiparesis. The 
coagulation studies were unremarkable. CT revealed a right parietal 
intracerebral hemorrhage. Angiography showed an avascular mass with 
stasis of the venous drainage and probably thrombosis of the corti-
cal veins. The hematoma was surgically evacuated. Thrombosed cortical 
veins were observed at operation. Histology corifirmed congested venous 
thrombosis in the hematoma. He was then discharged with improvement in 
his neurological status. He received Colfarit 3 x 1 gm daily. Three 
weeks after his discharge, he complained for one day of a sudden right 
chest pain which subsided spontaneously. Two days later, deep venous 
thrombosis was observed in the right leg. He was treated with strepto
kinase 100,000 U/hourly by continuous i.v. perfusion for two days and 
then with heparin sodium 1000 U/hourly by i.v. perfusion for one more 
day. This regimen had to be reduced and discontinued as the patient 
became gradually somnolent with meningismus. Cerebral angiography re
vealed thrombosis of the superior sagittal sinus and cortical veins. 
CT also confirmed the findings of thrombosis and left parietal ICH 
with intraventricular hemorrhage. He was then treated with dexametha
sone, spironolactone, calcium heparin and anticonvulsants. CT examina
tion ten days later revealed hemorrhagic infarction in the right parie
tal region. He was discharged one month later with improvement in his 
general condition and in the CT findings. He died two months later in 
a provincial hospital after a further ICH. Autopsy was refused (Fig. 1). 

Discussion 

The true incidence of CVST is difficult to determine for most of the 
descriptions are of sporadic cases. REDDY (1968) and TOWBIN (1973) 
found in 1.6% and 9% of 1396 and 189 autopsies respectively (24). 
Mc CORMICK (1973) and JELLINGER (1977) found it in 2% and 3% of autop
sies with ICH. We do believe that the incidence is more cornmon than 
the published reports, since it may closely simulate other diseases 
in both its clinical and radiological features; spontaneous recovery 
after recanalization or establishment of sufficient collateral anasto
mosis; relative low incidence of associated massive ICH; or it may be 
overlooked at autopsy unless specifically looked for. 

The known etiologies, which may be primary, secondary or associated 
with CVST, are: septic thrombosis; aseptic thrombosis after head 
trauma, hemodynamic alterations and hemodycrasia; and idiopathic. 

Despite the many etiologies known, the cause sometimes remains obscure. 
Three cases in our series had a fulminant onset passing rapidly into 
coma and death, so that a full evaluation was impossible and the cause 
remained unknown. One case was due to post partum coagulopathy. The 
second example was after a herniotomy and was associated with throm
bosis of other part of the body. 

The clinical manifestations of this very grave disorder, that affects 
all ages, are variable. It is often very difficult to recognize on 
purely clinical grounds and can be misinterpreted as due to some other 
cause, especially when it is associated with other serious diseases. 
It usually runs a progressive, intermittent relapsing or gradual course, 
but can also be acute and fulminant in cases with excessive raised ICP 
or massive hemorrhage, as were observed in our patients (6, 8, 9, 12-14, 
17, 19). The factors, which affect the broad spectrum of clinical pre
sentations, are the rapidity, extent and location of occlusion, the 
subsequent sequelae as well as the nature of the underlying disease 
process. 
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Before the introduction of cerebral angiography, this disorder was 
only detected at autopsy; ante mortem diagnosis was impossible owing 
to the lack of clear cut clinical symptoms and signs. However, it is 
sometimes very difficult to make a differential diagnosis from other 
pathological processes by cerebral angiography, as hemodynamic changes, 
tumor, edema,. or anomaly, can even be ignored or misinterpreted if one 
is not alert for the entity, or due to inadequacy of the angiographic 
technique. Much of the angiographic diagnosis is retrospective after 
CT or autopsy (10, 14, 17, 21). CT in the diagnosis of CVST was first 
reported by WENDLIHGinl978 (26) . Although it provides a rapid, ac
curate and non-invasive technique for the detection of the disorder, 
as do those of the static and dynamic radionuclide scanning (1, 3), 
it should be stressed that, in the early stages or milder form of 
CVST, it may remain normal or almost normal. Without doubt, in such 
instances angiography may be the key to early and precise diagnosis 
(1, lQ, .li, .!2, 20, ~). 

In spite of advances in the management of venous diseases (4), the 
treatment of CVST remains controversial. This may be due to-its low 
incidence, delay or misinterpretation and the difficulties of comparing 
the observation of cases reported in the literature, which may differ 
in the underlying clinical condition as well as the methods of medical 
and surgical treatment (2, 6, 7, 9, 11-13, 15, 22, 23). The proposed 
treatment schedule of CVST is shown in Table-l.-owing to the conflicting 
points of view the clinical use of anticoagulants, fibrinolytic activa
tors and acetylsalicylic acid has not yet been universally accepted. 
However, we do believe that the correlation between time factors, the 
stage of the lesion and the use of the appropriated medication, with 
monitoring by CT and coagulation studies, may playa role in the suc
cess of treatment (6, 8, 9, 13-15, 25). Various methods in the surgical 
treatment of CVS inJuries-after hea~trauma have been tried and re
ported (12, 16, 22, 23). However, the actual role of surgical treat
ment of CVST~s difficult to assess (2, 7, 11, 13, 16, 22, 23). It is 
generally opposed by the surgeons in cases without ICH,~ydrocephalus, 
abscess or empyema. In the acute, preorganization phase with insuffi
cient collateral circulation, it seems of benefit to attempt thromb
ectomy, autogenous venous grafting or venous sinus anastomosis. 

KRUCKE (l q 71) described two forms of ICH after CVST; the typical form 
of multiple small diapedesis bleedings in the grey and white matter; 
the atypical form of confluent massive hemorrhages in the white more 
than grey matter simulating those seen in massive spontaneous intra
cerebral rhexis hemorrhages (18). Furthermore, he divided the patho
logical changes of CVST associated with ICH into three stages: stage 
as hemorrhages and necrosis, stage 2 as resorption and stage 3 as 
scar or cyst formation. This observation is extraordinarily important, 
especially in cases with a fulminant course and death within five days 
of the onset, as in two patients of our series; the microscopic find
ings of the fresh thrombus cannot help in deciding its nature or the 
relation between the hemorrhages and the thrombus, whether the latter 
is the primary or secondary, bu~ the clinico-pathological picture of 
the brain lesions may suggest the primary cause. 

The prognosis of CVST is very variable. It depends on the basic clin
ical lesion, the location and extent of thrombosis, the age of the 
patients, the rapidity of diagnosis and institution of adequate treat
ment, the establishment of sufficient collateral circulation or rate 
of recanalization, the subsequent sequelae and the damage to the brain 
tissues and lastly the prevention of a recurrence of the thrombosis. 
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Table 1. The proposed treatment schedule of CVST 

Clinical symptoms and signs 
Computerized tomography 
Cerebral angiography 

~ 
Cerebral Venous sinus Thrombosis 

Basic diseases 

Sequelae 

Thrombosis 

Acute (pre-organization) 
sufficient collateral 
circulation, without 
hemorrhagic infarct 

insufficient collateral 
circulation 

Subacute or chronic 
(organization and recanaliza
tion) 

Eradication if possible 

Brain edema and increased ICP 
infarction or hemorrhagic infarction 
infection 
epileptic seizure 
dehydration 
cerebral and systemic circulatory 
disturbances 
respiratory disturbance 
hydrocephalus 

(CT and coagulation study) 

fibrinolytic activators 

anticoagulants 

thrombectomy 
autogenous venous grafting 
veno-sinus anastomosis 
irradiation 

anticoagulants 
acetylsalicylic acid (Aspirin) 
surgical treatment 

In conclusion, it could be said that, owing to the low incidence of 
the condition, no comparative studies in the efficacy of various types 
of treatment exist. The striking incidence of spontaneous recovery 
make it additionally difficult to evaluate. Further experimental and 
clinical investigations are required. 
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Fig. 1 a-g. Case 2. ~ CT (two days before operation): Confluent intra
cerebral hemorrhage in the right parietal lobe. b Angiography: Avascu
lar mass with stasis of the venous drainage and occlusion of the cor
tical veins. c Histopathology of biopsy: dilated leptomeningeal vein 
with fibroblasts, which are organizing the lamellated fibrin clot of 
the occluding thrombus (V). Underlying hemorrhagic cortex with con
fluent small erythrocytic diapedeses (C). d Angiography at the second 
admission (six weeks after operation (p.o.)): thrombosis of superior 
sagittal sinus and cortical veins. e CCT (six weeks p.o.): besides 
thrombosis, additional parietal ICH-on the left with ventricular 
bleeding. f CT (eight weeks p.o.): hemorrhagic infarction in the right 
parietal lobe with VST. 2 CT (12 weeks p.o.): Slight dilatation of 
ventricular system and biparietal hypodense area 
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Introduction 

Controlled double-blind studies have shown, that the anti fibrinolytic 
agent tranexamic acid significantly reduces both the mortality and the 
rate of rebleeding from a fresh ruptured subarachnoid aneurysm (1-3). 
KASTE and RAMSAY (4) did not observe this favourable result in a Fin
nish study. Rebleeding of a subarachnoid aneurysm occurs most often 
during the initial two weeks, i.e. at a time, where mortality is high
est. Therefore, antifibrinolytic therapy is often carried out as a 
pre-operative procedure in order to overcome this critical period. 
While fibrinolytic activation is rarely observed in the blood after 
subarachnoid hemorrhage, it is generally seen in the cerebrospinal 
fluid. Here, raised concentration of fibrin degradation products in
dicate enhanced fibrinolytic activity, which may be responsible for a 
dissolution of the peri-aneurysmal fibrin plug and subsequent rebleed
ing. Tranexamic acid crosses the blood-brain barrier and inhibits the 
activation of plasminogen to plasmin. 

Continuous administration of tranexamic acid subsequently reduces the 
concentration of fibrin degradation products in the cerebrospinal 
fluid (5, 6). The safety and efficacy of this treatment clearly de
pends on careful controls, in order to obtain effective concentrations 
of tranexamic acid in the blood and the CSF. Thereby, ineffectiveness 
or complications of a critically reduced fibrinolysis with systemic 
thrombosis, disseminated intravascular coagulation or hydrocephalus 
may be prevented. 

The aim of this study, therefore, was to examine whether simple labora
tory methods allow an effective survey of the treatment with an anti
fibrinolytic agent in patients with acute intracranial hemorrhage. 

Patients and Methods 

Twenty patients (aged between 20 and 81 years, mean age 48 years) with 
an acute intracranial hemorrhage, ascertained by a detailed general 
and neurological examination, lumbar puncture and cerebral angiography, 
were included in the stud~. In 11 patients subarachnoid hemorrhage 
was diagnosed (eight hemorrhages from saccular aneurysms of the large 
cerebral arteries at the cerebral basis, seven hemorrhages from sources 
that were not demonstrable by cerebral angiogram), in one patient a 
typical intracranial mass bleeding in the territory of the basal 
ganglia, and in another patient a cerebellar hemorrhage were demon-
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strable. According to the classification of HUNT et al. (7), seven pa
tients were in stage I - II, eight patients in stage III,-and three 
patients in stage IV - V. Tranexamic acid was continuously infused by 
a peristaltic pump via an intravenous line, for up to 15 days (mean 
6.6 ~ 4.7 days) at a dose of 5 g daily. 

Before, at the end, and daily during therapy a battery of coagulation 
and hematological tests were performed: Recalcification time, PPT, TT, 
fibrinogen, factor V, X, and XII were measured with a coagulometer of 
SCHNITGER and GROSS (Arnelung, Lemgo-Brake) using commercially available 
test kits (Boehringer, Mannheim, Behringwerke, Marburg); antithrombin 
III, a2 antiplasmin and factor XIIf by chromogenic substrate assays 
(Boehringer, Mannheim, Kabi, Stockholm); fibrin degradation products 
(FOP) immunologically with the TRCHIA (Wellcome, Beckenham, England); 
erythrocyte, leucocyte and thrombocyte count with the Cellcounter 
(Analys Instrument, Stockholm); hematocrit with a microcentrifuge 
(Her~us Christ, Osterode) and hemoglobin photometrically with a stan
dard kit. The available plasmin activity was measured photometrically 
by use of the chromogenic substrate S-2251. In addition a modified bio
assay according to MARKWARDT .(8) for measurement of antifibrinolytic 
activity of tranexamic acid was developed. 100 ~l of 0.2% bovine fi
brinogen, 50 ~l streptokinase (500 U/ml) and 50 ~l thrombin (50 U/ml) 
were added to 50 ~l of citrated plasma. The duration until complete 
lysis of the formed fibrin plug was then measured thrombelastograph
ically. A standard curve was obtained from the citrated plasma before 
therapy, where tranexamic acid was added in increasing concentrations. 
Lysis time was measured in the same way as described above after an 
incubation time of 30 min at 37 0 C. This curve gives a straight line 
in a double logarithmic scale. From each individual standard curve 
the biological activity of tranexamic acid in plasma may be derived 
and expressed as antifibrinolytic equivalent in ~g/ml of tranexamic 
acid. 

Results 

Nine patients could be discharged from hospital after treatment with
out any complaints, three patients with mild persistent neurological 
symptoms, one with severe neurological deficit. Seven patients died, 
one as a consequence of rebleeding, one following a postoperative 
stroke, two because of general complications. The treatment with con
tinuous intravenous infusion of tranexamic acid 5 g daily did not re
veal any complication in patients below 65 years of age. The available 
plasminogen activity fell from 99.2 + 3.1% to values of about 50-60%, 
whereby this level was rather consistent during treatment and in
creased to 83.2 + 4.2% 24 hours after the termination of the infusion. 
The antifibrinolytic equivalent determined by the described bioassay 
corresponded to 140 - 160 ~g tranexamic acid/ml plasma during treat
ment and showed only minor day to day variation. The optimal thera
peutic concentration was, however, only obtained 48 hours after com
mencing the infusion. The other factors of blood coagulation, fibrino
lysis and hematology did not reveal significant differences before, 
during, and after infusion of tranexamic acid. Two patients above 65 
years of age who were treated with the same dose regimen of 5 g tran
examic acid daily revealed clear evidence of activation of the coagula
tion system on day 6 and day 10 with reduction of the concentration of 
factors XII, X, V, of the thrombocyte count and a sustained fall of 
the available plasminogen activity, which made the termination of 
treatment with tranexamic acid mandatory. 
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Discussion 

The determination of the available plasminogen activity with the chro
mogenic substrate S-2251 as well as the thrombelastic measurement of 
the fibrinolytic equivalent of tranexamic acid are simple and fast 
methods, allowing an accurate control of anti fibrinolytic treatment. 
Earlier described methods such as the determination of the "strepto
kinase clot lysis time" as well as a fluorimetric method (9) need 
several hours and in the latter case are more expensive. The results 
of this study indicate, that a loading dose of about 2 g of tranexamic 
acid over 30 min may be desirable in order to obtain therapeutic levels 
as early as possible. This may be especially important in patients 
where the acute bleeding has already happened 48 hours before treat
ment, since the danger of rebleeding due to lysis of the fibrin plug 
is highest from the third day on. In patients over 65 years of age in 
whom a reduction of the fibrinolytic and increase in the procoagulant 
activity is often observed, antifibrinolytic treatment should not be 
performed, or only under very careful supervision, whereby measurement 
of FOP in cerebrospinal fluid would further help to optimize the dosage 
of tranexamic acid. Whether a dose regimen of 5 g tranexamic acid daily 
is optimal in younger patients is questionable and has to be examined 
in further controlled studies. 
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Fig. 1. Mean changes of the available plasminogen activity (APA) and 
anti fibrinolytic equivalent in patients with acute intracranial hemor
rhage before, during, and after treatment with tranexamic acid 5 g daily 
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Fig. 2. Mean changes of APA, a2-antiplasmin, fibrin degradation pro
ducts (FOP) and antithrombin III (AT III) in patients with acute intra
cranial hemorrhage before, during, and after treatment wi·th tranexamic 
acid 5 g daily 
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The Long-Term Prognosis of Patients with Subarachnoid Hemorrhage 
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The present study reports the long-term prognosis of patients who ex
perienced a non-traumatic subarachnoid hemorrhage (SAH). In the period 
from January 1970 until February 1979 139 patients with SAH were ad
mitted to the Neurological Department of Gottingen University. Hemor
rhages due to angiomas and hypertension were excluded. In addition to 
clinical methods a cranial computed tomography (CT) was included in 
the follow-up examination to assess the frequency of a permanent hydro
cephalus. 

Fifty of the 139 patients (Fig. 1) died in the acute phase in the hos
pital, 52 of the remaining 89 patients agreed to a follow-up examina
tion. In 18 further cases it is known that the patients are still alive, 
in 12 of these the family physicians could give details on the present 
condition. Thirteen patients died during the observation period, and 
no information was available in six cases. 

The length of the follow-up period for three groups of patients is 
given in Fig. 2: 

1. patients who agreed to a follow-up examination, 
2. patients who died in the meantime (except for three patients with 

unknown date of death), 
3. patients who are still alive, but could not be examined. 

There was no difference between the average duration of observation 
period of 5.4 years for the primary survivors and the patients we 
could re-examine. 

'rable 1 summarizes the long-term results of the study: 32 of the 64 pa
tients were free of any symptoma, 28 further patients showed minimal 
symptoms (slight hemiparesis, disturbance of cranial nerves or of mem
ory, depressive mood). 

Three patients were partially disabled but working; in one case an 
extracranial ligation of the internal carotid artery was performed 
instead of a clipping of the aneurysm. A permanent complete hemipare
sis makes the patient dependent on assistence for her household duties, 
though she is independent in respect of her personal care. 

Table 1 shows in addition a classification of the patients as regards 
whether an aneurysm could be found or not. The group with unknown 
cause of hemorrhage includes 12 patients in whom an angiography could 
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not be performed because they did not agree to it or the age or the 
general condition did not allow an operation. 

For this reason an aneurysm was proven in only 20 patients. In 15 of 
these it was surgically treated, two of the remaining patients re
fused an operation, the other three could not be operated on for other 
reasons. 

One of the patients who were operated on suffered a second SAH six 
years after the primary event. A second aneurysm was found and oper
ated on successfully. After a total observation period of nine years 
he is still alive and shows minimal symptoms. 

In 13 cases we got the information that in the meantime the patient 
had died. Five of these patients had been operated on. In seven cases 
the cause of death was known: late rebleeding in four cases, other 
causes in three cases. 

Table 2 summarizes the results of the CT-examinations: minimal ven
tricular dilatation was seen in 11 out of 50 cases, hypodense areas 
in 17 cases and a definite internal hydrocephalus in four further 
cases. 

Table 3 compares the follow-up tomograms with the scans after the 
acute event. In three cases the development of an internal hydroce
phalus was apparent: 

In one case the acute hydrocephalus had disappeared, the only patho
logical finding being a slight dilatation of the fourth ventricle 
after a period of 2 1/2 years; in one further case the acute hydro
cephalus persisted for six months; in the last case a hydrocephalus 
developed later in the course of two years. 

Table 2. Results of follow-up computed tomography 

No pathological findings 
Minimal ventricular dilatation 
Internal hydrocephalus 
Hypodense areas 
Hyperdense area 

17 cases 
11 cases 

4 cases 
17 cases 

1 case 

50 cases 

Table 3. Comparison of the follow-up computed tomograms with those 
of the acute event 

Stable without pathological findings 5 cases 
Improvement 4 cases 
Deterioration 2 cases 
Permanent hydrocephalus 1 case 

12 cases 
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Patients with SAH 
n = 139 

Patients who died Follow-up ex-
in the course of amination 

_______ the acute eve~t n = 52 
n = 50 

~ Information 
"alive" 

Patients who / ____ n = 18 
survived the ----
acute event ~ 
n = 89 ~ ~~i~~~ation 

n = 13 

No information 
n = 6 

Fig. 1. Follow-up information on patients with subarachnoid 
hemorrhage (SAH) 
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Fig. 2. Duration of follow-up for different groups of patients 
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Intracranial Bleedings Associated with Anticoagulant Therapy 

H. Reinhardt and E. Huber 
Abteilung fUr Neurochirurgie, Neurochirurgische Universitats-Klinik, Kantonsspital Basel, 
CH-4031 Basel 

Bleeding in anticoagulated patients is not a rare occurrence in Basle. 
In 1966 four neurosurgical cases were reported by KLINGER (5). In 1971 
LEVI and STULA (6) found as many as 27 cases of cerebral and spinal 
bleeding. SCHAERER and co-workers (8) described complications following 
cerebral bleeding in 24 patients in-1976. In recent years we have ob
served a further increase in these potentially dangerous intracranial 
hematomas (1-4) which have a 66% mortality rate. 

All acute neurosurgical cases in the relatively self-contained North
West region of Switzerland, which has a population of ca. 400,000 are 
referred to the Kantonspital Basle for CT diagnosis and, if necessary, 
surgical treatment. It consequently seemed appropriate to review these 
cases, to ascertain the cause of these too-frequent complications and 
- if possible - to suggest appropriate preventive measures. 

Our study covers exactly 50 patients, seen during the calendar year 
1980, in whom intracranial bleeding has been diagnosed either computer
tomographically (39 patients) or during autopsy (11 patients). We re
viewed the history of the bleeding retrospectively and made a statis
tical analysis. The average age was 69.1 years: The youngest patient 
- a 19-year-old - was being anticoagulated on account of Cimino shunt, 
the oldest patient was 91. There were 29 male patients, and 21 female; 
92% were over 60; 54% over 70. 

We found 31 intracerebral hematomas, ventricular breakthrough occurring 
in 21 of these. In 14 cases bleeding was subdural, in four cases sub
arachnoid (two ruptured aneurysms) and in one case it was epidural. 
Bleeding was spontaneous in 33 patients; in 12 cases a more or less 
adequate trauma was present, in five patients only a slight trauma was 
found. 

On entering the clinic, one quarter of the patients were fully con
scious, half were suffering from impaired consciousness or were dis
oriented and a quarter were comatose. Twenty-six patients were treated 
in a conventional manner (mannitol, corticoids, antiepileptic prophy
laxis, treatment of concomitant disorders). Nine patients underwent 
operation immediately. No treatment was given in 15 cases due to the 
unfavourable nature of the prognosis. 

Only 20% of the patients were completely cured; 16% still showed symp
toms of greater or lesser severity; 64% died. The recovery rate was 
identical in the surgical patients. Although mortality was lower (one 
third of the total), almost half those surviving did not make a com
plete recovery. 
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Table 1 

Indications for anticoagulation therapy 

Periph. arterial occlusive disease 
Pulmonary embolism 
Myocardial infarction 
Deep thrombophlebitis 
Obstr. cerebral vascular disease 
Others 

50 patients 

21 
8 
7 
5 
2 
7 

The reasons for employing anticoagulant therapy are set out in Table 1. 
There is a noticeable preponderance of peripheral arterial occlusive 
disease, a fact that is partially explained by the large-scale "Basle 
Study" involving preventive treatment of degenerative vascular dis
ease in a group of 6400 apparently healthy professional people. Over 
90% were being treated with coumarins, the remainder being in the 
critical transition phase between heparin and coumarins, or were only 
taking heparin. In two patients bleeding occurred during streptokinase 
treatment. Although a special watch was kept for this, we saw no case 
of intracranial bleeding with thrombocyte aggregation inhibitors. Du
ration of anticoagulant therapy varied greatly between a minimum of 
five days and a maximum of 20 years, the average being 3 1/2 years. 
In patients presenting no compelling indications, the mean value rose 
to 6.8 years. In those patients receiving coumarins brought in to us 
immediately after the bleeding incident, the prothrombin time (after 
Quick) lay within therapeutic values in over half the patients, but 
was lower in 20% and higher in 15%. 

It is difficult to assess indications for anticoagulation retrospec
tively (7). It is definitely contraindicated in ulcer patients, in 
severe hypertension, in pre-existing coagulopathy and in unreliable 
patients. Advanced and very old age is, in itself, no contraindication, 
but is an important factor due to the general increase in concomitant 
illnesses (hypertension, diabetes etc.) and due to diminished responsi
bility brought about by cerebral sclerosis as well as due to augmented 
risk of falls. The patients were independently assessed by an angio
logist, by a cardiologist and by ourselve as neurosurgeons. Whereas 
certain differences of opinion were apparent in the case of a few pa
tients, the consensus was that anticoagulation treatment was only 
justified in about one fifth of the patients seen. In two fifths the 
need of therapy was doubtful, whilst treatment was not (or no longer) 
necessary in the remainder, or was even unjustifiable because of clear 
contraindications. By far the most common risk factor of over 50% was 
arterial hypertension, which necessitated treatment. 

Cautious estimates based on sales figures for coumarin derivatives 
and on knowledge of their average consumption suggest that about 4% 
of the population in the Basle region is being anticoagulated. This 
high figure may be accounted for on the one hand by the rise in the 
percentage of old people in the population and, on the other hand, 
by the high doctor:patient ratio (1:400) bringing with it the danger 
of over-care. Our calculations suggest that one must expect a compli
cation rate of 0.5% per year. This corresponds to one severe cerebral 
bleeding complication in 200 treatment years and one fatal complica
tion every 312 treatment years. Since we also found that bleeding 
complications also arise with correct stabilisation (P.T. values be
tween 15 and 25%) it must, in principle, be clear from the outset that 
this complication must be taken into account (3, 9, 10). Clear-cut 
faulty dosage schedules tend to be an exception. - --
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Although anticoagulation complications are increasingly to be expected 
in predominantly older patients, it would be wrong to reject anticoag
ulation out of hand. After six months treatment however one should, 
as a matter of principle, consider whether anticoagulation is still 
indicated. Treatment should only be continued on the basis of strictly 
selected criteria. The fact that over half the patients were over 70 
years of age at the time of the potentially dangerous bleeding does, 
however, suggest that this age should be taken as a critical limit. 
Cases should then be considered individually and in the light of the 
biological age to determine whether or not the increased risk of con
tinuing anticoagulation therapy is justified. 

Summary 

The authors report on over 50 intracranial bleeding complications in 
anticoagulated patients in Basle, Switzerland over a 12-month period. 
Mortality was very high (66%). It was striking that a strict indica
tion only remained in 20% of the patients and that the average age -
69 years - was high. It is suggested that the indication for continu
ation of treatment should be assessed critically after six months and 
that treatment should only be continued on the basis of strict cri
teria, especially in patients above 70 years of age. 
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Fig. 1. Two CT-examples of intracranial anticoagulant hemorrhag e s: 
Above: A lethal hemorrhage in the midbrain/cerebellar region, partial
ly cisternal (slight trauma); be l ow: A "typical" intracerebral bleed
ing (spontaneous) in the right hemisphere with ventricular breakthrough 
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Long-Term ECG Investigation in Subarachnoid and 
Intracerebral Hemorrhage 

T. Stober, T. Anstiitt, S. Sen, L. Burger, G. Rettig, and K. Schimrigk 
Abteilung fOr Neurologie und Innere Medizin III, Medizinische Fakultat, Klinikum im 
Landeskrankenhaus der Universitat des Saarlandes, D-6650 Homburg-Saar 

From sporadic communications on conventional ECG recordings it is known 
that ECG alterations occur in intracranial hemorrhage as exemplified 
by the occurrence of false positive diagnoses of acute myocardial in
farction. Alterations are by no means infarct-specific, but are mainly 
manifested by arrhythmias, ST segment and T wave changes, as well as 
prolongation of the QT interval. A systematic prospective study with 
continuous ECG recording has not been carried out so far. An investi
gation on the association between the nature, location, dynamics and 
complications of hemorrhages on the one hand and the various ECG-find
ings and arrhythmias on the other hand is likewise lacking. 

To clarify these questions, a prospective study in subarachnoid hemor
rhage and primary intracerebral hemorrhage was commenced in spring 
1981 in Homburg. So far, 50 patients have been included in the study. 
Of these, 11 with subarachnoid hemorrhage and ten with primary intra
cerebral hemorrhage have been fully evaluated. The results from these 
patients will be presented in this report. Besides daily neurological 
investigation and conventional electrocardiography, a continuous Holter 
ECG recording over an average of 120 hours was performed in addition. 

In order to demonstrate the possible interrelationship between the 
central nervous disturbance caused by the hemorrhage and the ECG find
ings, the results are treated in the following grouping and order: 

- subarachnoid hemorrhage without complication 
- subarachnoid hemorrhage with secondary intracerebral bleeding 
- subarachnoid hemorrhage with arterial spasm 
- primary intracerebral hemorrhage without complications and only 

local symptoms 
- primary intracerebral hemorrhage with signs of brain stem compression 

and/or rupture into the ventricular system. 

The report will focus on the subarachnoid hemorrhages with complicated 
course and a few representative studies will be highlighted. 

Of the patients with a subarachnoid hemorrhage, three with uncompli
cated course (Botterell grade I) displayed no appreciable pathological 
ECG changes. The situation was quite different in five patients with 
subarachnoid hemorrhage in whom intracerebral bleeding was present in 
addition (Fig. 1). Besides the ST depression present in all cases, 
three patients had displaced T wave alterations, four a prolongation of 
the QT interval and three patients exhibited marked arrhythmias with 
pauses over 2000 msec and ventricular extrasystoles. Figure 2 illus-
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trates the time course of the rate corrected QT interval (QTc) in pa
tient no. 5. We assume an upper limit of the normal range of 450 msec. 
In the first days after the initial hemorrhage the QTc is in the upper 
normal range. After the secondary bleeding on the fifth day, it rises 
to 491 msec and remains in the pathological range up to the death of 
the patient. Otherwise, no further alterations of the ST segment can 
be detected here. Figure 3 shows details of the long-term ECG recording 
in the same patient on the third and fourth day after the initial hemor
rhage; there are appreciable variations of the T wave with excessively 
high amplitudes on the second and third strip on the left, with even 
slight inversion on the left. The QTc duration as well as the heart 
rate, display considerable fluctuations. These abnormalities were not 
detected by the daily recording (Fig. 2) of the conventional routine ECG. 

In two out of five patients with subarachnoid hemorrhages and intra
cerebral bleeding, T wave inversion developed intermittently (Fig. 4a 
and b). Two hours before the second hemorrhage, the precordial ECG was 
normal. Six minutes after the first secondary bleeding, there was a 
high T wave and a QTc prolongation. Two and a half hours later, an 
inverted T had developed in V5 and V6 (Fig. 4a), and this became more 
pronounced in the following period and reached a maximum 30 hours 
after the event (Fig. 4b). The QTc duration also displayed maximal 
prolongation at this time. On the 5th day after the secondary bleeding 
these abnormalities had completely subsided (Fig. 4b). 

Figure 5 gives a summary of the results in those patients who developed 
complicating arterial spasms. QT prolongation and ST segment altera
tions were the most prominent features, whereas no significant arrhyth
mias were observed in this setting. 

In five cases with primary intracerebral hemorrhage without complica
tions and only local symptoms, no pathological ECG results could be 
found. On the other hand, five patients with signs of brain stem com
pression and/or rupture of the hemorrhage into the ventricular system 
displayed arrhythmias and alterations of the ST-T segment (Fig. 6). 
However, a T inversion was not observed. 

The following conclusions can be drawn: 

1. In uncomplicated subarachnoid hemorrhage and primary intracerebral 
hemorrhage without signs of brain stem compression and/or rupture 
into the ventricular system no appreciable pathological ECG findings 
are to be expected. 

2. The most consistent and most frequent finding in all hemorrhages 
with a complicated course is a prolongation of the QT interval. 

3. In correlation with the QT prolongation, arrhythmias are frequently 
present in subarachnoid hemorrhage with additional intracerebral 
hemorrhages as well as in primary intracerebral hemorrhage with 
signs of brain stem compression and/or rupture into the ventricular 
system. 

4. On the other hand, in subarachnoid hemorrhage with spasm the altera
tions of the ST-T segment appear to be the most prominent feature. 

Concerning the pathophysiology of the ECG abnormalities described these 
are commonly attributed to an autonomic dysfunction especially of the 
sympathetic nervous system. The following clinical consequences of our 
finding should be pointed out: patients with complicated intracranial 
hemorrhage should be subjected to continuous cardiac monitoring. Thus 
developing arrhythmias of potentially prognostic significance can be 
adequately treated. In particular marked QT prolongation deserves 
special attention since this syndrome signifies significant electrical 
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instability of the myocardium with the potential for serious life 
threatening arrhythmias such as ventricular tachycardia and fibrilla
tion. Because of their tendency to encourage prolongation of the QT 
interval, phenothiazines should be avoided. In addition to these 
therapeutic considerations useful diagnostic information on the natu
ral course of the cerebral hemorrhage may be obtained, in that ECG 
abnormalities seem to reflect major complications such as brain stern 
compression and/or extension of the hemorrhage. 

ST depression !iiiii;::::::~ •• aTe prolongo ion 

pouses 

T inversion 
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LO 60 
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Fig. 1. ECG findings in five patients with SAH and intracerebral 
hemorrhage 
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Fig. 2. Observation on the QTc pattern in a 46-year-old male with 
subarachnoid hemorrhage and complicating intracerebral bleeding with 
left side hemiparesis. A second hemorrhage on the fifth day with 
signs of brain stem compression. Initial QTc in the upper normal range. 
Second hemorrhage: consistent pathological QTc prolongation until 
death three days later 
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Fig. 3. Details of the c o ntinuous Holte r ECG recording on the third 
and fourth days after the primary hemorrhage in the same pati e nt as 
in Fig. 2. Note the appre ciable fluctuations in he art rate, T ampli
tude and ST s e gment 
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Fig. 5. ECG findings in five patients with SAH and spasm 
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Fig. 6. ECG findings in five patients with complicated intracerebral 
hemorrhage (midbrain-syndrome and/or ventricular hemorrhage) 

~ 

Fig. 4. a Serial routine ECG in a 42-year-old femal e patient. Two 
hours before a second hemorrhage , there were no neurological deficits 
and the ECG was normal. stx minutes after the secondary hemorrhage 
(2nd strip from the right), increasing T amplitude, QTc durati on in 
the pathological range. Two and a half hours later (middle strip), 
negative T waves in V5 - V6, extending to V3 and V4 a fte r six a nd 
ten hours and increasing in amplitude. b Se rial ECG in the same pa
tient as in a, continued 18 hours until-five days a fte r the second 
hemorrhage. Maximum T inversion after 30 h ours (2nd strip from the 
left) comprising V2 - V6. The reafter regression of the T inversion 
until return to normal on the fifth day. Concomitant QTc alte rations 
can be observed 
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Perinatal Cerebral Hemorrhage: Morphology, Clinical Diagnosis, 
Treatment and Follow-Up 

H. C. Nahser1, H. E. Nau 1, L. Gerhard2, V. Reinhardt2, I. Stude3, and C. Roosen 1 

1 Neurochirurgische Klinik und Poliklinik, Universitatsklinikum der Gesamthochschule Essen, 
Hufelandstrasse 55, 0-4300 Essen 1 

2 Neuropathologisches Institut des Universitatsklinikum der Gesamthochschule Essen, 
Hufelandstrasse 55, 0-4300 Essen 1 

3 Kinderklinik des Universitatsklinikum der Gesamthochschule Essen, Hufelandstrasse 55, 
0-4300 Essen 1 

Introduction 

It is usual to classify perinatal cerebral hemorrhage according to its 
etiology. FRIEDE (2) as well as PAPE and WIGGLESWORTH (6), differen
tiated a traumatic-group from a hypoxic one (Table 1). They do however 
stress that different etiologies can lead to similar morphological 
changes. The clinical classification can be made nowadays by the newer 
methods of neuroradiology (1, 3-5, 7, 9). In this contribution we con
centrate on hemorrhages into the germinal matrix. These hemorrhages 
are characteristic of asphyxia in the immature newborn. 

Material and Methods 

Between 1978 and 1981 we investigated 56 children with germinal matrix 
hemorrhages. These newborns were examined clinically, and by means of 
a second generation CT scanner and B-scan ultrasonography. Further 
neuroradiological investigations were carried out in cases of neuro
logical disturbances. The CT was analysed according to our classifica
tion (2,). 

Autopsy and morphological investigations were carried out in the 
majority of the non-survivors. 

Table 1. Perinatal cranial hemorrhages (FRIEDE, 1975) 

Traumatic causes 

Extracranial 

Caput succedaneum 
Subaponeurotic hematoma 

Intracranial 

Intradural hemorrhage 
Rupture of tentorium 
and falx 
Intracerebral hemorrhage 
Subarachnoid hemorrhage 
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Hypoxic causes 

Subependymal and 
intraventricular hemorrhage 

Hemorrhage of choroid plexus 

Subpial hemorrhage 

Hemorrhage from falx 
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Results 

Out of 56 children only three had an uneventful gestation, four were 
complicated by toxemia, 49 were preterminated. A pathological APGAR 
score was seen in 37 newborns. Eleven had a birth weight less than 
1000 g, 36 less than 1500. The following disorders and complications 
were observed: congenital heart malformation in six cases, hyaline 
membranes in 30, renal failure in four (Table 2). 

CT revealed subependymal hemorrhages (stage I) in 12 cases (Fig. 1). 
In these cases morphology showed hemorrhages of different size in and 
underneath the ependymal germinal matrix. Late sequelae have been 
cysts or scars in this location. Although hemorrhages may occur 
in all sites with germinal matrix cells, the preferred site is the 
region of the foramina of Monro. Out of 12 patients in this group five 
died during the first month. The survivors are under clinical control 
with a favorable development in only two cases. In the CT follow-up 
no ventricular dilatation was observed. 

In stage II there were 21 newborns. CT (Fig. 1) showed subependymal 
and combined intraventricular hemorrhages (Fig. 2). Histological in
vestigations showed that in some cases the source of hemorrhage may 
be the choroid plexus, but in most however it was the subependymal 
matrix. Sequelae are damage and scarring of the ventricular wall as 
well as aqueduct stenosis and closure of the foramen of Magendie. 
Seven patients of this group died within 35 days. Late death occurred 
in two cases after 11 and 17 months. All patients except one developed 
hydrocephalus. Treatment consisted of shunting in seven cases during 
the first few weeks, after resorption of the intraventricular blood 
clot, or in three cases by serial lumbar punctures. Ten patients are 
still under control and two of these have no neurological deficit. 

In 14 cases of stage III, the patients' CT (Fig. 1) revealed subepen
dymal, intraventricular, and parenchymal hemorrhages. Histology showed 
large hemorrhages in the brain substance with a special preference for 
the fronto-parietal and occipital white matter. These intracerebral 
hematomas lead to cystic defects of the white matter (Fig. 3). Nine 
newborns out of 14 died within the first month, one patient after five 
months. All patients developed hydrocephalus. Three underwent shunting 
and one had serial lumbar puncture. Four are still under clinical con
trol. All show severe defects of cerebral function (Table 3). 

Table 2. Perinatal cerebral hemorrhages (n 56) 

Clinical data and incidence 

Mother 

Toxemia 
Normal date of birth 
Normal delivery 
Twin birth 

Newborn 

Normal birth weight 
Hyaline membrane disease 
Congenital heart malformation 
Reduced APGAR score 
Hb loss, blood-stained CSF 
Convulsion, pathological EEG 
Abnormal neurological state 

4 
3 

1 8 
8 

3 
30 

6 
37 
32 
30 
34 
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Table 3. Perinatal cerebral hemorrhages (n = 56) ----

Duration of survival 

Stage Sur- Non sur- Weeks Months 
vivors vivors < 1 <2 <3 <4 <4 <2 <3 <5 <12 > 12 

(% ) (we) 

I 12 5 2 2 2 
(41.66%) 

II 21 10 5 
(47.61 %) 

III 14 10 2 4 2 2 
(71.42%) 

IV 9 7 4 2 
(77.77%) 

In stage IV (subependymal), intraventricular, intracerebral, and sub
arachnoid hemorrhage) we found nine cases. Histology revealed all the 
disturbances mentioned in addition to subarachnoidal hemorrhages. Late 
consequences are siderosis and fibrosis of the pia mater. Six patients 
died within 17 days, one after two and a half months. There are two 
survivors, one underwent shunting, one serial lumbar puncture. 

Discussion 

Our results demonstrate that the most frequent stage is stage II. There 
seems to be a connection between the severity of CT findings and the 
number of survivors, but there are only small differences in the neu
rological deficits of the survivors in all four groups. This can only 
be due to additional disturbances. The most astonishing fact was the 
high incidence of hydrocephalus in all cases of ventricular hemorrhage. 
It seems that the non-infectious etiology of hydrocephalus in the peri
natal period is more frequent than is supposed. It may even be that 
the non-infectious cause has increased on the one hand by the control 
of infectious diseases and on the other hand by the increase of imma
ture newborns who can survive only by means of modern intensive medical 
therapy. 

According to our experience so far we believe that ultrasonography may 
prove its value in follow-ups, especially in cases of ventricular dila
tation. CT, however, seems to be necessary for the initial staging, 
especially because further detailed pathological conditions can be de
tected. 

Long-term follow-ups will be necessary to define definitely how gross 
the final neurological defects of the survivors really are. The re
sults of these investigations will enable us to assess the value of 
shunting or puncture procedures (8). This question is underlined by 
the findings that the ventricular-dilatation precedes the increase in 
the circumference of the head (2)' 

Summary 

We investigated 56 mature and premature newborns with germinal matrix 
hemorrhages. The clinical data, computer tomographic, ultrasonic, and 
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morphological findings are discussed. Special hints are given about 
the complications which arise and the different forms of treatment. 
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Fig. 1. a Subependyrnal bleeding (grade I) adjacent to the ventricular 
wall of the frontal horn; b Subependymal and intraventricular hemor
rhage (grade II): Subependymal bleeding at the foramen of Monro (pre
ferred location) and blood clots in the posterior horns. c Subependy
mal, intraventricular and parenchymal hemorrhage (grade III); d Combi
nation of grade III with subarachnoid hemorrhage (grade IV) 
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Fig. 2. a Specimen of intrave ntricular hemorrhage with congested veins 
in the subependymal germinal layer; b Gross pathology of grade IV: 
bleeding in the germinal layer has ruptured into the ventricle and 
into the parenchyma of the left occipital lobe. There are congested 
vessels in the right posterior horn, blood clots in the third ventricle 
and in both Sylvian fissures 
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Fig. 3. ~ Histology of grade II: subependymal hemorrhage (+) near the 
vermis has ruptured into fourth ventricle. b Sequelae of grade II: ~ 

organisation of bleeding, ependymal defect,-but persisting lumen of 
the aqueduct. In this case no signs of raised intracranial pressure, 
but ventricular dilatation was recorded. c Sequelae of grade I: bi
caudate cyst with an intact ependymal layer, which could not be de
tected in computed tomography. d Occlusion of the aqueduct by the 
hemorrhage (7). There are only small islets of the ependyma left. 
In this case signs of raised intracranial pressure occurred and a 
shunting procedure was performed 



Spontaneous Hemorrhages in Intracerebral Brain Tumors 
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During recent years, clinical interest in the stroke syndrome has con
tinued to increase_ As a result, more attention has been paid to spon
taneous bleeding due to intracranial tumors. Although bleeding in neo
plasm was blamed for a sudden deterioration of the patients' condition, 
CUSHING's opinion, that "severe bleeding in a tumor is an extremely rare 
occurrence" (3) long remained the prevalent opinion. For autopsy series, 
the figures gIven in the relevant literature vary between 0.8% (1, 16, 
20) and 10.2% (8, 15). With regard to the types of spontaneous intra
cranial hemorrhage~reated in neurosurgical clinics, the incidence of 
tumor bleeding lies between 0% (9) and 11% (6, 17). In a series of 236 
intracranial tumors, DRAKE and McGEE (3) found 18 cases (7.6%) of tumor 
bleeding. -

There are a number of reasons for these considerable variations in the 
frequency of spontaneous tumor bleeding. DRAKE and McGEE (3), for in
stance, reach their figure by relating the 18 cases of tumor bleeding 
to the total number of intracranial tumors found during operation or 
autopsies. 

In other series, the incidence of tUQor bleeding is measured against 
the total of all intracranial hemorrhages (2l). 

The aim of this paper is to compare the frequency of spontaneous intra
cerebral tumor bleeding in large series of biopsy specimens and autopsy 
material. 

Material and Method 

The diagnoses of all patients operated on or dying from an intracerebral 
hematoma were collected. All primary diseases which had led simply to 
a subdural hematoma or to subarachnoid hemorrhage were excluded from 
consideration. In the case of the biopsies, the reference to bleeding 
in the operation report was accepted as sufficient proof that bleeding 
had occurred. In the case of the autopsies, the autopsy findings pro
vided the data. In both autopsy and biopsy groups, the frequency fig
ures, that is to say the percentages, are always based on the total 
number of intracerebral hematomata. 
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Results 

There were 332 deaths from intracerebral hemorrhage, 37 of them (11.1%) 
from tumor bleeding. In the case of the autopsies, hypertonic massive 
bleeding (27.8%) and intracerebral hematomas after aneurysm rupture 
(18.7%) were most frequent. In the case of the biopsies these two cau
ses were shown to have hardly any relevance - six cases (4.0%) and five 
cases (3.4%) respectively. In this group, tumor bleeding (46 cases = 
31%) and hemorrhages without known cause (43 cases = 29%), accounted 
for over half of the total operation material (Table 1). In the analysis 
of the various types of tumors with spontaneous bleeding, clear dis
tinctions are to be found between the autopsy findings and the biopsy 
specimens. In the case of the autopsies, malignant gliomas (13 cases) 
and metastases (16 cases) are most frequent, whereas fatal hemorrhages 
are rarer among the better differentiated forms of neuroepithelial tu
mors. Leukemic hemorrhages resulted in the deaths of 15 patients. In 
11 instances an acute form was evident, in four instances the illness was 
chronic. Amongst the biopsy material there was not one case of leukemia. 
Of the patients suffering from tumor bleeding which was operable, brain 
tumors (33 cases) were more frequent than metastases and other tumors. 
Here too, glioblastomas (12 cases) are to be found in first place, but 
also a large percentage is made up of oligodendrogliomas (five cases) 
and unclassified gliomas (five cases) (Table 2). Of the 43 patients 
with spontaneous intracerebral hemorrhages of unknown etiology 22 were 
operated on after a clinical diagnosis suggested a possible tumor (19 
cases) or tumor, differential diagnosis angioma (three cases). In only 
five cases could the suspicion of a tumor be proved, or at least traced, 
histologically. 110st of the cases were also impossible to prove mor
phologically (Table 3a). The situation was different in the group made 
up of post-mortem cases. An autopsy brought to light malignant tumors 
in all but one of the 17 patients who had not been subjected to a more 
thorqugh diagnostic examination because of their poor general condition 
(Table 3b). The temporal lobe was found to be the site of the fatal 
hemorrhages in glioblastoma in nine out of 11 cases (six times right 
side, three times left). Of the operable patients, the massive bleeding 

Table 1. Cause of the intracerebral hematoma in 332 autopsy findings 
and in 149 biopsy specimens in the period between Jan. 1, 1971 and 
Feb. 28, 1982 a 

Primary disease 

Hypertension 
Aneurysm rupture 
Angioma 
Trauma 
Sepsis 
Coagulopathy 
Anticoagulant therapy 
Postoperative 
Congophile angiopathy 
Unclear etiology 
Leukemia 
Tumors 

Total 

Autopsy 
rate 

92 
62 
18 
37 
28 

3 
15 
17 

1 
17 
15 
37 

332 

case 
per cent 

27.8 
18.7 

5.4 
11. 1 
5.4 
0.9 
4.5 
5.1 
0.3 
5.1 
4.5 

11. 1 

Biopsy case 
rate per cent 

6 4.0 
5 3.4 

35 23.6 
9 6.1 
0 
0 
3 2.0 
2 1 .3 
0 

43 29.0 
0 

46 31.0 

149 

a The material comes from the Department of Neurosurgery and from the 
Institute of Pathology, University of Cologne 
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in glioblastoma was found to have occurred in the temporal lobe in six 
out of 12 cases. Among the metastases and the better differentiated 
gliomas the temporal lobe was not apparent as the source of spontaneous 
bleeding. After the first instance of tumor bleeding, eight patients 
experienced further bleeding after an interval of between three weeks 
and five years. In five cases this manifested itself as hemorrhages in 
oligodendrogliomas. The ages of these patients (three men and two women) 
were between 28 and 51 years (Table 4). 

Discussion 

Intracerebral hemorrhage as a result of a tumor is not as rare as is 
generally believed. Frequently, tumor bleeding manifests itself clin
ically as a stroke (12, 23). Trauma is also presumed to be a factor 
in spontaneous tumor-Sleeding (4). It is rarely possible to compare 
reports on frequency. Operation-statistics usually base figures for 
the incidence of tumor bleeding on the total number of tumors operated 
on (3, 18, 23), and not specifically on the total number of operations 
for Intracerebral hematomas. Other reports are based on investigations 
of intracranial bleeding in tumors, thus including subarachnoid hemor
rhages, for instance in connection with subependymoma (2), meningioma 
(10) or chiasmal bleeding (11, 19). These observations draw their con
clusions from only a very small-number of cases (5, 7). The same ap
plies to reports that restrict themselves to intracerebral bleeding in 
connection with astrocytomas grade I (13, 21, 22) or medulloblastomas 
(14, 21). The reports that show a high-Percentage of tumor b~ edings 
are based on extensive post-mortem statistics (8). For both biopsies 
and autopsies, we have based our figures on the-total number of intra
cerebral hematomata in order to be in a position to compare the fre
quency. As a result, the figure given for patients operated on is high. 
If we had based the number of tumor hemorrhages on the total number of 
operations for intracerebral tumors between 1971 and 1982, the per
centage would have been much lower. Our figure of 11.2% for autopsy 
cases approximately corresponds to that of KOTHBAUER et al. (8), who, 
in an autopsy series of 430 spontaneous cerebral hematomas found 44 
(10.2%) cases of bleeding in intracerebral neoplasms. Although the 
frontal lobe is usually considered to be the most frequent seat of 
glioblastomas, we found the majority of hemorrhages in glioblastomas 
in the temporal lobe. In our sample, the oligodendrogliomas and the 
undifferentiated gliomas, together with the glioblastomas, form the 
majority. Especially in the case of recurring hemorrhages the majority 
are in oligodendrogliomas. In the interest of producing a differential 
diagnosis, this tumor should be kept in mind when spontaneous intra
cerebral hematomas occur in younger patients. 

Summary 

Between Jan. 1, 1971 and Feb. 28, 1982, 149 patients were operated on 
for intracerebral hemorrhage. During the same period 332 patients died 
as a result of intracerebral hematomas. Tumors were the cause of bleed
ing in 46 (= 31%) of the patients operated on and 37 (= 11.1%) of 
those that died. Tumor bleeding, then, is not so rare as is generally 
believed. 

Particularly in the case of younger patients and recurring hemorrhages, 
the possibility of bleeding from better differentiated gliomas, such 
as oligodendrogliomas, should be given serious consideration. 
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Primary spontaneous brain stem hemorrhage occurs rarely; its frequency 
is reported to range between 6% and 16% of all intracerebral hemor
rhages (1, 5, 7-9, 25). Hypertension as the most frequent cause is to 
be found-in-90-=-96~% (5, 25). Microangioma, aneurysm, intoxication, 
acute infection, and tumor-bleeding represent a rare cause of hemor
rhage. The fulminating malignant course is characterised by rapid on
set of coma, miosis, tetraplegia and respiratory disturbances. Three 
quarters of all patients die within 24 hours (8, 13, 25). Several 
authors (19, 21, 22) report on single cases with remission, or a re
current, benign course. These are mostly cases of younger patients 
without hypertension. The causes are reported to be arteriovenous 
malformations. 

Case-Material and Approach 

From 1979 to 1982, six patients suffering from spontaneous hemorrhage 
of the brain stem were seen. All cases were verified with CT. The group 
consisted of three female and three male patients, aged from 28 to 54 
years. The case history of three patients showed hypertension. CT ex
aminations were carried out at the onset and during the clinical course 
of the disease. The mode of treatment was conservative with a symptoma
tic approach. 

Results 

Patients without Hypertension 

Case 1: A 32-year-old female in the 32nd week of pregnancy had an acute 
onset of occipital headache, nausea, and vomiting, left hemiparesis 
with caudal cranial nerve impairment, fixed staring eyes as well as a 
right hemiataxia and a dissociated left paresthesia. No hypertension 
and no coma were observed. The CT findings of January 6, 1979 showed 
a circular space-occupying high density area in the right brain stem 
with compression of the fourth ventricle (Fig. la). The patient was 
delivered of a male child without complications on January 18, 1979. 
The condition of the patient worsened on February 3, 1979 with dys
phagia, severe vomiting, and fatigue. CT findings showed irregular 
structure formations in the brain stem, which clearly appeared to be 
enlarged resulting in an almost complete compression of the fourth ven
tricle (Fig. lb); the temporal horns were just visible. No new bleeding 
occurred but edema developed in the course of resorption. These CT 
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findings might correlate with the symptoms of her worsened condition. 
The angiograms done by femoral catheter, showed no signs of a vascular 
malformation and no pathological blood vessels in the brain stem 
(Fig. 2). Her out-patient follow-up examination in February 1982 
showed a left spastic hemiparesis. She was able to carry out her 
duties as a housewife and care for her baby. The last CT findings 
showed an irregular high density in the median and paramedian regions 
of the brain stem (Fig. 1d). Further, there was no increase in density 
enhancement shown with contrast medium. 

Case 2: A 46-year-old female patient was afflicted with recurrent brain 
stem impairment in January 1981 with dysphagia, dysarthria and right
sided paresthesiae, accompanied at times by nausea and vomiting. The 
symptoms occurred in September 1981, now with a Horner's syndrome on 
the left side, rotatory nystagmus on the left, numbness and analgesia 
in the trigeminal nerve region on the right, paresis of the soft palate 
and paresis of the hypoglossal nerve on the right side. This resulted 
in dysphagia and dysarthria. In addition we observed pronounced ataxia. 
CT findings in September 1981 showed irregular density enhancement with 
a diameter of up to 2.5 cm from the floor of the fourth ventricle to 
the foramen magnum. On angiography no signs of vascular malformations 
or pathological blood vessels were found. The patient improved clin
ically; only slight right-sided paresthesiae and minimal palsy of the 
hypoglossal nerve persisted. 

Case 3: A 28-year-old patient was affected by slowly progressive brain 
stem symptoms: phonasthesia, singultus, right-sided paresis of the 
soft palate, left-sided Horner's syndrome, right-sided hemiparesis, 
and dissociated paresthesia. Initially the CT findings showed no den
sity enhancement and no signs of intracerebral hemorrhage. The CSF 
showed no signs of inflammation. The patient died ten days after ad
mission to the hospital from an acute bleeding in the brain stem. The 
autopsy disclosed extensive bleeding from the medial pontine region 
extending to the medulla oblongata; histologically M.S. lesions were 
found. 

Patients with Hypertension 

Case 4: A 28-year-old female with a fixed hypertension (230/110 mm Hg) 
with stenosis of the left renal artery and stenosis of the aortic 
isthmus, suddenly and without warning on August 17, 1981, lost con
sciousness and this lasted approximately one hour. Thereupon, she 
showed fixed staring eyes with nystagmus on attempted deviation, palsy 
of the cranial nerves: VII, VIII, IX, XII combined with dysphagia, 
dysarthria, and also hemiparesis and hemiataxia on the left side. The 
blood pressure was found to be 230/150 mm Hg. CT scan showed a high 
density on the floor and also paramedian on the right side of the 
fourth ventricle with a diameter of 2.5 to 3 cm. The fourth ventricle 
was somewhat compressed (Fig. 3a). The clinical disturbances slowly 
disappeared. After discharge from hospital on October 29, 1981 a resi
dual neurological deficit with dysarthria, right-sided peripheral 
facial palsy, and a spastic hemiparesis on the contralateral side was 
observed. The CT showed decrease of the density, which had a cystic 
appearance, and did not compress the floor of the fourth ventricle 
(Fig. 3b). 

Case 5: This was a 54-year-old male with a history of mild hypertension. 
He suddenly became unconscious without warning; we observed temporary 
extension spasms on the right side, pinpoint pupil, and respiratory 
disturbances. The blood pressure was found to be 300/150 mm Hg. CT 
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showed a 2.5 x 2 cm large high density in the median brain stern area 
with signs of initial intraventricular rise of pressure. Two days af
ter this acute attack, the patient died. 

Case 6: This 52-year-old patient initially experienced dizziness and 
paresthesiae on the right-side. Within six hours he fell into coma 
accompanied with respiratory disturbance. The CT showed an extensive 
high density with a diameter of 2.5 cm in the brain stern, compressing 
the fourth ventricle. An apallic syndrome developed; the patient died 
two months after the acute onset. 

Discussion 

The prognosis of spontaneous brain stern hemorrhage still remains poor 
and it often occurs as a terminal phase of hypertension (9, 24). Only 
one of our three patients afflicted with hypertension survived. This 
patient differed from the others in that she was the youngest and her 
initial unconsciousness lasted only for a short time. The cases dif
fered from each other neither from the standpoint of duration and peak 
of the hypertension, nor from the extent of hemorrhage in the CT. 
The rapid malignant course seems above all to appear in cases of hemor
rhage due to hypertension. The fact that one of our patients afflicted 
with hypertension survived, raises the question of this was due to an 
extraordinary condition of the individual or can it be explained by 
the effect of modern intensive medical care? This question can only be 
answered by further investigation. 

In cases with no hypertension, brain stern hemorrhages do not seem to 
lose consciousness and seem to be recurrent and benign in the follow
up. Arterio-venous malformations have been discussed as a cause of 
hemorrhage (16, 19, 23). Such microangiomas could not be verified 
angiographically~In~wo cases of our group having such negative 
angiograms, the follow-up CT examinations, however, clearly demon
strated the possibility of an existing cavernous hemangioma. In the 
cases of hypertensive hemorrhage the CT shows low density after re
sorption, on the other side; in cases of hemorrhage due to angiomas 
an isodense phase was observed during resorption, which was accompanied 
by local brain edema and could result temporarily in a worsening of the 
condition of the patient. Later we saw irregular zones of high density 
in the CT, which are probably caused by calcifications. It is possible 
that before the CT era with recurrent follow-up examinations these were 
regarded as M.S. lesions or as a glioma of the pons. 

Conclusion 

Follow-up observations in six patients with hemorrhage, confirm a poor 
prognosis in cases with vascular hypertension. The hemorrhages not 
caused by hypertension show recurrences in their follow-up and no loss 
of consciousness. Probably the cause of hemorrhage is a cavernous hem
angioma, which could hardly be detected angiographically. Concerning 
the differential diagnosis, bleeding into tumors or into inflammatory 
lesions should be considered. 
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Fig. 1. Follow-up examinations of non-hypertensive hemorrhage. 
(Upper left) CT Jan. 1, 1979: Circular bleeding, non-homogeneous, 
located in the right side of the pons - extending over the mid-line, 
reaching to the left side. Compression of the fourth ventricle. 
Diameter = 2.5 cm; (Upper right) CT Feb. 2, 1979: Further extension 
of the bleeding to the left side as well as dorsally.Diameter increase 
to 4.5 cm. Increase of the non-homogeneous area; (Lower left) CT March 
20,1979: Lysis of the hemorrhage with an almost identical diameter,'. 
primarily isodense; (Lower right) CT Oct. 8, 1981: Approximately 
2.2 cm non-homogeneous, partially high density; in part cystic formation 

without being space-occupying. Extension into the fourth ventricle and 
the brain stern cisterns. Possibly cavernous hemangioma 
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Fig. 2. Angiography of the right vertebral artery (subtraction). Feb. 6, 
1979: Increase of volume in the brain stem. No pathological blood 
vessels 

Fig. 3a, b. Follow-up examinations of a hypertensive hemorrhage. 
a CT Aug. 17, 1981: Bleeding on the floor of the fourth ventricle, 
with compression of the ventricle; b CT Oct. 2, 1981: Approximate 
size 0.7 x 0.5 cm blood-cavity 
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Posterior Fossa Tumors in Infancy 



Clinical and Diagnostic Appearance of Tumors of the Posterior Fossa 
in Childhood, Results of a Retrospective Cooperative Study 

8. J. M. Lamers 
Neurochirurgische Klinik und Poliklinik, Universitatsklinikum der Gesamthochschule Essen, 
Hufelandstrasse 55, D-4300 Essen 1 

The Co-operative Study was initiated in the summer of 1981 in order 
to obtain as much information as possible on the subject of posterior 
fossa tumors in childhood, and to evaluate the relevance of the clin
ical data for the prognosis of the individual patient as well as to 
review critically the results of our therapy. 

Because of selection procedures the data presented are not representa
tive for the F_R.G., nor do they claim completeness because of prob
lems inherent in collecting such material. 

Thirty-one clinics participated in the study (28 neurosurgical clinics) 
with a total of 1001 patients; 72 cases had to be excluded from further 
evaluation for various reasons. The follow-up period ranged from over 
10 years for 164 patients, between 5 and 10 years for 232 patients and 
less than 5 years for 533 patients. 

Histologically 38.9% of the children suffered from a medulloblastoma, 
23.3% from a glioma (astrocytoma I-IV, glioblastoma, oligodendroglioma 
I-IV) and 17.8% from a spongioblastoma of the posterior fossa. The 
ependymoma followed with a frequency of 8.3%. All other types of new 
growths had an incidence of less than 1% and will therefore not be con
sidered (Table 1). Another, more satisfying or more sophisticated clas
sification proved not feasible, mainly because of gaps in information. 

The sex distribution was almost equal in cases of spongioblastoma or 
glioma whereas there was a male preponderance in medulloblastoma or 
ependymoma (male - female ratio: 2 - 1) (Table 2) (Fig. 1). The age 
distribution showed uniformly a peak between 2 and 3 years except in 
glioma. Other increases of incidence were observed between 5 and 6, 
and 12 and 13 years in medulloblastoma, between 9 and 11 years in spon
gioblastoma and between 10 and 13 years in ependymoma. 

The sex distribution showed no correlation with the age of the children. 

Table 1. Histological diagnosis 

Medulloblastoma 
Spongioblastoma 
Glioma 
Ependymoma 

38.9% 
17.8% 
22.3% 

8.3% 
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Table 2. Sex distribution on admission 

Medulloblastoma 
Spongioblastoma 
Glioma 
Ependymoma 

2 
5 
6 
2 

1 
4 
5 
1 

Regarding the clinical state on admission, there was an obvious ten
dency towards a bad condition, especially in cases of medulloblastoma 
or ependymoma (according to the Karnowsky-index). 

Karnowsky index 0-40% 50-70% 80-100% 

Medulloblastoma 52 27 21 
Spongioblastoma 33 24 43 
Glioma 39 26 35 
Ependymoma 51 24 25 

Neurologically, almost 80% of the children showed signs of raised rcp, 
most pronounced in cases of medulloblastoma or ependymoma (Table 3). 
Papilledema,howeve~ was seen less in ependymoma (64%) than in the other 
tumor groups (75%). Cerebellar dysfunction was observed in 78% of the 
patients except in cases of ependymoma (60%). Ataxia was the most fre
quent symptom here, followed by dysdiadochokinesia and dysmetria. Dis
turbances of cranial nerve function were also frequent (50%) especially 
in ependymoma (62%). Here the abducens nerve was usually affected, in 
contrast to the other groups, where the facial and caudal cranial nerves 
generally were involved. Nystagmus (Table 4) was the leading symptom in 
the complex vestibulary malfunctions (50%) except in ependymoma (34%), 
impairment of consciousness (27%) and respiration (4%) however was diag
nosed here twice as often. Psychiatric disturbances, prominent in 
cases of pyramidal dysfunction with an incidence of 10%, played a minor 
role in the clinical picture (Table 5). 

Table 3. Neurological findings on admission (in%) 

Medulloblastoma 
Spongioblastoma 
Glioma 
Ependymoma 

Signs of 
raised rcp 

87 
79 
78 
84 

Cerebellar 
dysfunction 

78 
80 
77 
58 

Table 4. Neurological findings on admission (in %) 

Medulloblastoma 
Spongioblastoma 
Glioma 
Ependymoma 

176 

Vestibular 
dysfunction 

52 
34 
50 
45 

Disturbances 
consciousness 

17 
12 
11 
27 

of 

Cranial nerve 
malfunction 

49 
46 
46 
69 

Psychiatric 
symptoms 

10 
18 

8 
10 



Table 5. Neurological findings on admission (in % ) 

Pyramidal Disturbances Respiratory 
motor dys- of speech dysfunction 
function 

Medulloblastoma 8 7 4 
Spongioblastoma 5 6 <1 
Glioma 9 <1 2 
Ependymoma 5 1 4 

Focusing on the extension of tumor growth, it was somewhat depressing 
to establish that the neoplasms, independent of their histological 
nature had a respectable size at diagnosis already (Fig. 2). 

The preferred location of the diverse tumor types followed a known 
pattern (Table 6). 

The impression arose, that the poor condition at admission was due to the 
site of the tumor rather than to its size or the presence of hydroce
phalus, as ventricular dilatation had an equal incidence (+ 70%) in all. 
In this respect location in the fourth ventricle seemed to-playa par
ticular role. Reviewing the radiological diagnostic methods, the plain 
skull X-ray already showed pathological findings in 55%, mostly signs of 
raised ICP. Bone erosion was seldom seen and pathological calcification 
proved even rarer (4 i.e. 1%), and usually seen in cases of ependymoma 
or spongioblastoma. In 75% a pathological finding in an angiogram, gen
erally vascular displacement, stressed the suspicion of a mass lesion 
in the posterior fossa. Tumor enhancement however was rare (7%), but 
seen as a rule in the more rapidly growing tumors. 

Ventriculography or cisternography proved to be highly reliable in as
sessing a space-occupying lesion (95%), although a tumor contour was 
also seldom visible (14%), but could be expected more often in cases 
of medulloblastoma or ependymoma. If at all possible CAT scanning was 
even more accurate in this respect, with a score of 99.9%. Purely 
indirect signs of a mass lesion were rare (10%) and usually seen in 
cases of spongioblastoma and glioma. There existed a distinct tendency 
for medulloblastoma and ependymoma to visualize as a hyperdense struc
ture whereas spongioblastoma and glioma tended to a hypodense imaging. 

CAT appearance Hyperdense (% ) Hypodense (% ) 

Medulloblastoma 64 22 
Spongioblastoma 8 56 
Glioma 38 64 
Ependymoma 47 19 

CAT -+ No score No pathol. Pathol. 
finding finding 

Ventriculography 

No score + 80 0 260 
No pathol. finding 2 0 5 
Pathol. finding 408 1 173 
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Table 6. Location of posterior fossa tumor (in %) 

IVth Vermis Cereb. Pons Medulla 
ventricle hemisphere obI. 

Medulloblastoma 69 72 23 8 6 
Spongioblastoma 28 53 27 13 1 
Glioma 31 41 48 10 4 
Ependymoma 79 16 16 6 12 

Diagnostic accuracy in identifying a space-occupying lesion has obvious
ly not been improved since the introduction of the CAT scanner, although 
the latter method for other reasons will rightly be preferred nowadays. 
Interestingly the tumor size on admission has not yet changed. 

What factors now can be deduced as relevant in assessing the prognosis 
(for life and function) of the individual patient? 

Age proved to be not essential and the same applied for sex, except for 
children suffering from ependymoma, where the mortality rate amongst 
boys was twice as high. The tumor type had a striking influence. The 
mortality in medulloblastoma and ependymoma children at 56% and 62% 
resp. was more than twice as high as in cases of spongioblastoma or 
glioma (21% and 26%). The effect on the quality of outcome for sur
vivors was much less obvious however. An extremely poor condition on 
admission was invariably accompanied by a bad outcome (in both respects) 
especially in medulloblastoma and spongioblastoma. However an excellent 
initial clinical state did not necessary mean an excellent outcome, 
where children suffering from medulloblastoma were concerned. It was 
interesting finding that it made no difference whether the children 
were treated before or after 1975 (Table 7). 

The neurological state on admission had no significant influence on 
survival or performance in relation to symptoms of raised ICP, cerebel
lar dysfunction or vestibular malfunction. Spongioblastoma children 
had a slightly better survival quality in this respect. Signs of vital 
dysfunction proved very unfavorable. Cranial nerve distrubances, more 
pronounced in medulloblastoma, lead to a higher mortality rate, where
as the quality of outcome was decreased in ependymoma. In respect to 
psychiatric symptoms glioma and spongioblastoma had a more unfavorable 
prognOSis as regards survival. Disturbances of speech generally implied 
a worse outcome, except perhaps in cases of ependymoma (Table 8). 

Table 7. Clinical condition on admission +~ prognosis 

Karnowsky index (%) 

o -
50 
80 

40 
70 

100 

t~tttt 

++ 
= ~+ 

Survivors life quality 

+ 
H 
t 
t 

Table 8. Neurological findings on admission +~ prognosis 

Signs of raised ICP +t 
Vital symptoms tttt 
Cerebellar dysfunction 
Cranial nerve malfunction +t 

Brain stem dysfunction t-tt 
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Only excessive tumor growth (5 cm) was accompanied by a distinct rise 
in fatal outcome or bad performance of the survivors. Small new growths 
however, did not necessarily mean a better prognosis (Table 9) as seen 
in cases of spongioblastoma in regard to mortality rate. Focussing on 
tumor lQcation, the pons as well as the medulla oblongata proved to 
be often fatal, with a high mortality and an extremely bad pro-
formance. This tendency was less pronounced in spongioblastoma In re
spect of survival. A medulloblastoma, when situated in the vermis, had 
a raised mortality rate although this location in ependymoma meant a 
slightly worse outcome for quality of life. A lesion located in the 
fourth ventricle· did not lead to a raised death rate when a medullo
blastoma or a glioma was concerned, but the effect on life quality of the 
survivors was uncertain (Table 10). 

Table 9. Size of tumor at operation +~ prognosis 

Diameter (cm) of Survivors life quality 

1 + t -+ 
2 - 3 
3 - 5 -+ 

5 t +-H 

Table 10. Tumor location involvement +~ prognosis 

of< Survivors life quality 

IVth ventricle (+) =~t =-t 
Vermis + -t =~+ 

Cerebellar hemisphere =--++ =-+t 
Pons t-, t t + 
Medulla oblongata +->t t +-H 
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Posterior Fossa Tumors in Children - Treatment and Prognosis 

H.-E. Clar 
Neurochirurgische Klinik und Poliklinik, Universitatsklinikum der Gesamthochschule Essen, 
Hufelandstrasse 55, D-4300 Essen 1 

We have investigated a wide variety of factors which could conceivably 
influence the outcome of tumor treatment_ 

The subject of our report is the effect which treatment can exert on 
the prognosis for a patient. 

The following factors were investigated: 
1_ Histology 
2. Recurrence of tumor 
3. Metastases 
4. Recurrence and metastases 
5. Operation 
6. Radiation treatment 
7. Chemotherapy 
8. Combined forms of treatment. 

The Histology 

We were confronted with a fundamental difficulty in our endeavour to 
analyse morphological findings. Although general statements on the 
histology (e.g. astrocytoma) were available to us - albeit without any 
indication of the degree of malignancy - diagnoses such as ependymo
spongioblastoma are recorded only on very rare occasions. It was there
fore deemed necessary to form more or less equivalent groups from the 
purely histological and biological standpoint. Roughly comparable num
bers of cases were contained in the two groups. 

Table 1 

Medulloblastomas 39% 

Spongioblastomas 18% 

Gliomas 25% 

Ependymoma 8% 

Including desmoplastic 
medulloblastomas 

Spongioblastoma of the brain and 
pilocytic astrocytoma 

Oligodendroglioma 
Astrocytoma I + II 
Astrocytoma III + IV 
Glioblastoma 
Glioma 
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Our analysis of the life expectancy and prognosis was always carried 
out separately for each of the four categories of tumor. The extent 
to which the degree of malignancy of a tumor influences the outcome 
of treatment could be investigated only for the astrocytomas I + 11/ 
III + IV. It was established that astrocytomas of low malignancy re
presented a better life expectancy and quality than the more malignant 
types or the outcome of all types of glioma taken together. A differen
tiation of the remaining types of tumor was not feasible because of 
diagnoses which were too general in nature. 

Recurrence of Tumors 

The morphology of a tumor is an important determinant of the recurrence 
rate in patients. For the two groups we mentioned above, this rate lies 
between 14% and 27%. However, it has not been possible to determine 
whether genuine recurrences were involved here or tumor re~nants were 
establishing themselves again. For medulloblastomas and ependymomas 
the period between the first diagnosis and appearance of a recurrent 
tumor is <2 years. This is about half as long as for spongioblastomas 
and astrocytomas (which need around 4 years) (Table 2). 

The survival rate of patients experiencing a recurrence falls dramat
ically. Some 40 - 80% of all children treated for tumors who subse
quently suffer a recurrence, die within 6 - 9 months. Those patients 
who survived for a long period (>5 - 10 years) never experienced any 
recurrence - with the exception of spongioblastomas. 

Accordingly, the goal of the initial treatment must be to undertake 
all possible measures to prevent any recurrent tumor formation. Once 
a recurrence has occurred, the situation for the patient becomes 
therapeutically hopeless (with the exception of spongioblastomas). 
The period from the first diagnosis during which a recurrence can 
occur is an extended one, though the average period is 

Medulloblastoma in < 2 years (max. 10 years) 
Spongioblastoma in 4 years (max. 19 years) 
Glioma in 3 years (max. 8 years) 
Ependymoma in < 2 years (max. 6 years) 

Metastases 

It is primarily tumors of the posterior cranial fossa which undergo 
metastasis. Whereas the frequency for gliomas and spongioblastomas is 
well below 1%, the above with 8% in the case of ependymomas represent 
a substantial risk and the mortality rate is very high. We found depos
its mainly in the third and fourth ventricles; diffuse dissemination 
and spinal clusters were not observed. In the case of medulloblastomas 
over one third of all patients suffered metastasis. The mortality rate 

Table 2. Recurrence 

Medulloblastoma 
Spongioblastoma 
Glioma 
Ependymoma 

182 

(% ) 

27 
1 5 
14 
17 

of< (%) 

85 
40 
38 
70 

period (days) 

183 
200 

79 
171 



among the latter was 75% with a mean life expectancy of 6 - 7 months 
(Table 3). 

In terms of frequency of occurrence, the spinal canal is the most com
monly attacked with some 15% of all the metastases. Basal cisterns and 
diffuse metastases account for most cases. Only in six cases (1%) were 
extraneural deposits observed. Metastases were found to have occurred 
in the bones, viscerally, in the pelvis and in the parotid. Only in 
one individual case did the extraneural metastases appear to be respon
sible for the death of the patient. 

We were not able to demonstrate any relationship between cell dissemi
nation and shunting operations in our collective study. Only in the 
case of one child was a valve inserted after metastases had previously 
been found in the parotid gland. 

The extent to which extraneural metastases represent a major threat 
to the patient is unknown. Our own findings are contrary to those of 
KLEINMANN et al., who indicated an incidence of 5% and who warned of 
increased mortality. The proof of the existence of extraneural deposits 
is frequently obtained by chance or occurs at the same time as gen
eralised metastases in the cerebrospinal fluid system. 

Recurrence and Metastasis 

Only in 15% of all cases of medulloblastoma were recurrence and metas
tasis observed together; the patients then died within a period of 
seven months (Table 4). 

These observations support the assertion that as the illness runs its 
course the medulloblastoma commonly permeates the whole cerebrospinal 
fluid system. Both invasion of the meninges by the tumor as well as 
new colonisation of a tumor-free region by tumor cells from metastases 
after treatment are conceivable. 

The fate of the patient is sealed when recurrence and metastasis occur 
together. In our study no child with either of these complications sur
vived for more than five years. 

Since the possibilities for treatment are usually restricted in the 
case of recurrence/metastasis (e.g. a second irradiation may be tried), 
the goal of the initial therapy must be the elimination of such risks. 
Where feasible this should be attempted by devising a logical scheme 
of treatment for the patient. Our study has revealed that only a pri-

Table 3. Metastasis 

~ (%) Period (days) 

Medulloblastoma 38% 75 <200 Ependymoma 8% 80 

Table 4. Recurrence and metastasis 

tfc (%) Period (days) 

Medulloblastoma 15% 100 <200 
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mary "systemic treatment" (e.g. irradiation of the whole brain and 
spinal canal) can be regarded as logical in this context after a 
"systemic disease" has established itself. 

Operation 

The indication for a tumor operation arises from the necessity of 
establishing proof of the histological diagnosis and of removing the 
proven tumor to a large extent or totally. Only then can further 
treatment be undertaken. 

No Operation 

In 6 - 8% of all patients no operation on the tumor was carried out. 
Most of these patients were in a very poor state when admitted (KAR
NOWSKI 30%) and practically all of them died shortly after being 
diagnosed. Altogether, the mortality among these patients was ten 
times that for the patients operated upon. 

One Operation 

The overwhelming majority of patients had an operation performed on 
them to remove their tumor, namely: 

Medulloblastoma 
Spongioblastoma 
Glioma 
Ependymoma 

(%) 

91 
77 
80 
86 

Operative mortality (%) 

14 
12 

7 
31 

We have endeavoured to investigate the mortality of this operation on 
the basis of its extent. RAIMONDI has suggested that partial extirpa
tion, e.g. for a medulloblastoma, can yield worse results than total 
extirpation. 

Unfortunately, it proved to be impossible to make any differentiation 
using the records at our disposal since the reports on the extent of 
the operation were insufficient. 

Removal by operation of individual tumors resulted in a significant 
improvement in both the life expectancy and quality of the surviving 
children. 

Rise of quality Period of 
of life (%) observation 

Medulloblastoma 15 >4 months 
Spongioblastoma 20 >3 years 
Glioma 30 >2 years 
Ependymoma 30 >2 years 

The results of the operation in the particular case of medulloblastomas 
are, however, not so promising. 
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This fact underlines the necessity of primary operative treatment for 
tumors of the posterior cranial fossa in children. 

More than One Operation 

More than one tumor operation was undertaken on: 

Medulloblastoma 13% - Spongioblastoma 14% - Glioma 12% - Ependymoma 6%. 

Spongioblastomas a quality of life equal to 70% for >8 years 
Gliomas a quality of life equal to 74% for 4 - 5 years. 

The period of observation was twice as long as the average for patients 
who had undergone only one operation. 

No assessment of the influence of operations for recurrence in patients 
suffering from medulloblastomas or ependymomas could be made owing to 
the small number of cases. 

This observation leads us to the conclusion that for gliomas and spon
gioblastomas the indication to operate for a recurrence should be more 
frequently considered than in the past. 

Shunting Operation 

Roughly one third of all the children with tumors in the posterior 
cranial fossa were fitted with a shunt. However, no difference in the 
outcome either as regards the quality of life or its expectancy could 
be detected for any of the tumors. Even for the long-term prognosis 
the manner of relieving the pressure plays no significant role. We did 
not consider temporary external ventricular drainage. 

Radiation Treatment 

The irradiation of patients was carried out in a variety of different 
ways, both with respect to the radiation equipment used and the dose 
and field size. We have not studied the effects of partial irradiation. 
Most frequently the therapy was performed by means of a cobalt appara
tus, though treatments were also made using accelerators or combined 
cobalt/accelerator regimens. Twenty patients had been treated with 
conventional X-rays (ortho voltage) . 

The total dosage applied to patients was just as variable as the equip
ment used. This proved to be relatively low both for the individual 
types of tumor involved (30 - 45 GY) and in regard to the radiation 
fields (large field, small field, spinal canal 30/40/20 GY). Numerous 
authors have indicated that during irradiation of the brain area the 
tumor dosage should lie between 50 - 60 GY and the large field dose 
including the spinal canal should exceed 36 GY. 

In view of the variable values reported, no further attempt to analyse 
the influence of field size or the focal dosage were made. Only the 
influence of completed treatment subsequent to an operation was in
vestigated (Table 5). 

In the case of medulloblastomas, there was a definite improvement of 
the quality of life of some 10% as against the non-irradiated patients, 
as well as an extension of life expectancy of around two years. Only 
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Table 5. Radiation treatment (mean doses) 

Medulloblastoma 
Spongioblastoma 
Glioma 
Ependymoma 

% 

74 
10 
16 
53 

GY 

30 - 40 
41 

35 - 45 
21 - 46 

those patients who were irradiated survived for more than five years. 
The life table also reveals a significant difference in the two curves. 
Thus, in spite of the varying dosages, the effectiveness of radiation 
therapy can now be regarded as established; this certainly applies to 
the patients in our cooperative study. 

It would appear that for ependymomas, radiation treatment is also effec
tive, though the individual patient groups here were too small to 
warrant a definitive statement. 

No assessment can be made for either spongioblastomas or gliomas on 
account of the limited numbers of patients involved. 

It is apparent that the focal dosage applied to most of the patients was 
set too low. We recommend that in future the possibilities are more fully 
utilized, especially in the treatment of medulloblastomas. In partiCU
lar, when planning radiation treatment attention should be focussed on 
a "systemic irradiation" of the whole cerebrospinal fluid system. 

The extent to which spongioblastomas or gliomas respond to radiation 
treatment remains unclear. Even here, however, the therapy must be 
consistently applied using a dosage between 50 and 60 GY. Ortho
voltage therapy is now no longer permitted for the treatment of brain 
tumors. 

Chemotherapy 

Because the number of chemotherapeutic agents employed was so large 
and the individually treated groups of patients so small, it did not 
prove feasible to form any unified treatment groups. All that can be 
said here is that, apart from the SlOP study involving 13 patients, 
virtually every clinic has its own patent brand of therapy. 

As though this were not enough, most patients received non-standardised 
combinations, dosages and courses of treatment. For this reason we 
find it impossible to make any meaningful statements here. More-
over, we were unable to follow up any effect which chemotherapy may 
have on the prognosis for patients. 

The numbers of patients treated for spongioblastomas, gliomas and 
ependymomas were too small to enable us to make any statements. It 
would appear that chemotherapy is not really indicated here. 

For medulloblastomas in general - bearing in mind the reservations ex
pressed above - we were able to demonstrate no significant difference 
either in life expectancy or quality even for patients who survived 
for long periods between 

Operation + Irradiation 
and 

Operation + Irradiation + Chemotherapy (Fig. 1). 
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This observation is confirmed by our analysis of life tables. Since 
even the SlOP study (BLOOM) and others have not yet been able to secure 
any significant increase in survival times, experiments based on chemo
therapeutic agents administered to small numbers of patients cannot be 
justified on ethical grounds. 

Combined Forms of Treatment 

Analysis of the results of our cooperative study support the following 
now well-established types of treatment: 

Medulloblastoma 

Spongioblastomas) 
Glioma ) 

Ependymoma 

Operation + irradiation 

Operation, poss. operation for recurrence 

Operation, poss. further irradiation 

The treatment of choice for gliomas and spongioblastomas, as tumors 
not basically sensitive to irradiation, remains operation. Even a tu
mor which has not been entirely extirpated should be re-extirpated 
rather than irradiated, provided the patient is in good general health. 
The decision about operating a second time should be made at the latest 
when a recurrence occurs. Irradiation can be performed at a later stage. 

In the case of ependymomas, irradiation should be considered only after 
maximal extirpation in the initial operation. It should then be carried 
out logically using sufficiently large bursts and dosages. 

We have already discussed the operative and radiation treatment of 
medulloblastomas. The irradiation should be performed only with high 
voltage equipment (cobalt or accelerator) by an experienced doctor 
fully acquainted with the complicated technology used for irradiating 
the entire cerebrospinal axis. The best chance for a patient to remain 
free of recurrence or metastasis lies in a well-designed and logical 
initial treatment. 

Although this treatment has resulted in a clearcut increase in life 
expectancy and quality - in spite of its limitations - new ways must 
still be sought to attain further improvements. New agents and combina
tions of cytostatic drugs must be explored. This, however, should not 
be left to individuals with small numbers of patients to undertake 
mutually randomised studies (such as the SlOP study). 
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Critique of the Findings 

W Grote 
Neurochirurgische Klinik und Poliklinik, Universitatsklinikum der Gesamthochschule Essen, 
Hufelandstrasse 55, D·4300 Essen 1 

Cooperative studies on particular patterns of disease doubtless pre
sent us with some considerable advantages. By such means one is able 
to study in depth a wide range of patients and thus make more reliable 
statements. A clearer picture of clinical and diagnostic problems 
emerges when use is made of extensive sets of data on the development 
of illnesses, on purely clinical symptomatology and on the results of 
investigations employing various types of equipment. Moreover, the 
larger numbers involved enable a fuller assessment to be made of the 
manifold therapeutic approaches and their associated prognoses. 

On the debit side, important single findings, individual experiences 
and useful leads may be overlooked: they tend to get submerged in the 
welter of averaged values and trend predictions. We believe that, in 
addition to comprehensive statements based on statistics, observations 
and experiences originating from small groups as well as those arising 
from individuals can be both significant and valuable in shedding 
light on the total situation. 

For these reasons, it would seem advisable to offer the subject for 
discussion by a broad panel of experts, after the findings on the joint 
study on children with tumors of the posterior cranial fossa have been 
delivered. The experiences and problems seen from the point of view of 
neuropathologists, oncologists, pediatricians and neurosurgeons should 
be presented and discussed. 

At this pOint it is my pleasant duty to thank all of those involved in 
this study for their unstinting help. Colleagues from 31 clinics pro
vided us with 1001 case histories or completed questionnaires. We have 
been able to evaluate 926 of these. The rest had to be discarded as in 
most instances the upper age limit was exceeded, though in a few cases 
other reasons obliged us to reject them. 

My own colleagues have gone to great pains to read through, to assess 
and draw conclusions from the great wealth of data made available to 
us. I should like to extend to them also a special word of thanks. 

Perhaps I may be permitted once again at this juncture to outline and 
summarize those facts arising from the cooperative study which seems 
to me especially noteworthy and significant. 

The observation period for all patients involved in our study extends 
over 30 years, from 1951 to 1981. Over this period we were able to ob
serve 164 children = 17% for 10 years, another 232 = 35% for a period 
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of 5 to 10 years and most of the patients (533 = 58%) only up to 5 
years. In due course an undetermined number of those in the latter 
two groups will move up into the next more favorable category. 

As a result of the histological restriction, medulloblastomas are by 
far the most common with almost 40%. These are followed by ependymomas 
and other gliomas with 23%, after which come the spongioblastomas with 
18%; all other tumors represent 1% and are thus to be regarded as rari
ties. 

On admission to the clinic about one half of the children with medullo
blastomas and ependymomas were in a very poor state of health, corre
sponding to a value of 10 - 40% on the KARNOWSKY scale - a depressing 
statistic. 

With regard to clinical symptoms, signs of pressure on the brain led 
with 80%, followed by symptoms of the cerebellum in 70% of the cases. 
The only exception were the ependymomas in which cranial nerve dis
turbances predominated. 

The size of the tumor in medulloblastomas, spongioblastomas and epen
dymomas was about the same. Medulloblastomas were located primarily 
in the cerebellum, vermis and fourth ventricle, spongioblastomas in 
the hemispheres and ependymomas largely in the region of the fourth 
ventricle. 

The location of these tumors is in accordance with the clinical and 
neurological symptoms manifested. 

All of the above data are well-known and cannot be regarded as re
presenting new knowledge. 

With reference to diagnoses made with the aid of apparatus, it is 
worth mentioning that straight X-ray pictures suggest tumors in 55% 
of the cases from signs of pressure on the brain, the destruction of 
bones and calcium deposits. 

Angiography provided evidence of spatial expansion in 75% of cases, 
primarily in the form of displaced arterial and venous vessels. 

Ventriculography was successful in identifying a tumor in 95% of the 
cases. 

computer tomography is able to establish the presence of a tumor in 
the posterior cranial fossa in 99.9% of the cases. 

It seems remarkable that X-ray tumor identification before the "CT 
era" was not significantly worse. Of course, it should not be for
gotten that computer tomography represents a far less invasive diag
nostic measure than ventriculography. Not surprisingly, the former 
has now virtually replaced ventriculography. There has been no re
duction in tumor size in our CT age as compared to earlier times. 

What factors have an effect on the prognosis? 

The sex of the patient has no effect, apart from male ependymoma 
sufferers. 

The age at which the disease manifests itself has no significance 
for the quality of survival. 

190 



Ependymomas have the worst chance of survival with a mortality rate 
of 62%, followed by medulloblastomas with 56%, spongioblastomas with 
26% and other gliomas with 21%. 

When neurological examination indicates disturbances of consciousness, 
this can be expected to have a negative influence on the prognosis. 
Although signs of pressure on the brain and symptoms associated with 
the cerebellum are of no significance for the prognosis, disturbances 
in breathing greatly reduce the chance of survival. Negative effects 
on the survival are exerted especially by an increasing size of the 
tumor and understandably a tumor location which involves the caudal 
brain stem. 

Turning now to surgical treatment, we mention here again the mortality 
rate for the operations: 

Medulloblastomas 14% 
Spongioblastomas 12% 
Ependymomas over 30% 

and for the remaining gliomas around 7%. 

These figures appear to be rather high at first sight and in my opinion 
could be improved upon. In this context it is important to mention that 
neither complete, subtotal nor partial extirpation of the tumor makes 
any clear-cut difference to the mortality rate for the operation. We 
conclude from this that one may and should attempt to operate as radi
cally as possible. Too timid an approach to the removal of a tumor will 
produce a considerably more unfavorable starting point for any subse
quent treatment. 

It also became clear that operations for recurrent spongioblastomas 
and other gliomas should be performed more frequently than hitherto. 
Not only can one thereby lengthen the life expectancy several times 
but a good quality of life is to be expected during this period. There 
seems to me to be an important lesson here. No statement can be made 
at present on medulloblastoma and ependymoma cases. 

The difficulty in making meaningful statements on the efficacy of the 
various types of operative treatment is compounded when it comes to 
expressing an opinion on one individual treatment - especially on 
auxiliary irradiation treatment - and chemotherapy at the present time. 
Irradiation is carried out in manifold different ways and with very 
variable dosages. Chemotherapy is still only in its infancy, even 
though it does appear to be a promising approach. 

To conclude, I should now like to present to you and propose for adop
tion the plan we have devised for the treatment of tumors in the 
posterior cranial fossa in children based on our survey and the evalu
ation of data and information provided for the joint study: 

1. Medulloblastomas 

1.1. Maximal surgical removal of tumor, "pre-planned" on the basis 
of CT findings 

1.2. Ventriculo-atrial shunt (PHD) to relieve pressure on the brain 
1.3. Consistent whole brain + cerebrospinal irradiation with high 

voltage equipment (40 GY + 20 GY focal dose + 36 GY spinal canal) 
using experienced radiation personnel 

1.4. Chemotherapy only in randomized studies 
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2. Spongioblastomas 

2.1. Attempt at complete surgical removal 
2.2. PHD for pressure on the brain 
2.3. For a recurrence or increase in size of a residual tumor renewed 

surgical removal 

3. Gliomas 

3.1. Maximal surgical removal 
3.2. For pressure on the brain, PHD 
3.3. Irradiation using high voltage therapy (with a focal dose not 

less than 50 GY) may be performed 
3.4. For recurrence attempt a further operation 

4. Ependymomas 

4.1. Attempt at complete surgical removal 
4.2. For pressure on the brain, PHD 
4.3. Irradiation using high voltage therapy (over 40 GY focal dose). 

If tumor cells found in cerebrospinal fluid use "systemic irradi
ation" - spinal canal + whole brain (with 36 GY) 

4.4. In the case of recurrence or growth of a residual tumor perform 
further operation 

It is my hope and conviction that the above proposals will form the 
basis of an efficacious treatment. 
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Age-Dependent Morphobiological Aspects of "Medulloblastomas" 

F. Gullotta 

Institut fUr Neuropathologie der Universitat Bonn, Sigmund-Freud-Strasse 25, 
0-5300 Bonn-Venusberg 

The term "medulloblastoma" covers a large group of malignant tumors 
with common pathogenesis (neural crest) but rather polymorphic patterns 
(GULLOTTA 1967; 1979). We can find in fact: 

1. Isomorphic, "undifferentiated" tumors. 

2. Tumors with mixed structures. Here, quantitative differences of 
both mesenchymal and neuroectodermal components in different parts 
of the same tumor can be found. This type of medulloblastoma is 
frequent, appearing mainly in children. An overgrowth of the 
mesenchymal component can usually be observed, mostly in relation 
to the patient's age. The final picture is that of a "desmoplastic" 
medulloblastoma. 

3. "Desmoplastic" medulloblastoma, that is, arachnoidal sarcoma. This 
is a common tumor type, especially in adults, i.e. in patients 
older than 16 years, and represents in our opinion the most dif
ferentiated mesenchymal form of the whole medulloblastoma family. 

Being aware of the histological polymorphism of these tumors and of 
their frequent transitional forms, we can explain easily why the dis
cussion concerning the origin of medulloblastoma is still controversal. 
It must not be forgotten that often the tumor tissue is soft (especial
ly in children) and therefore the surgeon removes most of it by suction. 
In these cases, samples for histological examination consist mainly of 
small bits of infiltrated cerebellar tissue, and it is histologically 
very difficult to determine which of the tissue structures are neo
plastic or autochthonous. 

"Pure" neuroectodermal types of medulloblastoma (neuroblastoma) are in
frequent, the majority of cases reported in literature consisting of 
mixed tumors or of cerebellar tissue infiltrated by undifferentiated 
cells. This can easily be demonstrated by studying microscopically the 
tumor samples by low magnification. GFAP-method can be also very useful 
in distinguishing true tumor tissue from pre-existing structures (see 
SCHINDLER and GULLOTTA). 

In all these types, the mesenchymal tissue component usually overgrows 
the neuroectodermal one, and this in relation to age. This age-dependent 
growth of mesenchymal tissue is connected with other biological factors, 
everyone related to and depending on each other: nodu~ar growth in 
adults, contrasting with diffuse growth in children, and shifting of 
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tumor location (deep midline in children - superficial, lateral, also 
extracerebellar in adults). 

Age of patient; location of tumor; its manner of growth and its histo
logical structure are four biological factors that can playa very im
portant role in the postoperative course of these neoplasms. Each of 
these factors, considered singly, does not seem to be important. In 
fact, children with desmoplastic medulloblastomas have the same poor 
prognosis as patients with non-desmoplastic tumors. Whereas a desmo
plastic tumor, at the same location, but in an adult, can be completely 
removed, presenting a longer postoperative course until the appearance 
of recurrence (GULLOTTA and NEUMANN, 1980; GULLOTTA 1981). It is evi
dent that some kind of relation between tumor type and the age of pa
tients does exist, and that radiation treatment or chemotherapy are 
not solely responsible for the better prognosis of these tumor forms 
in adults; they act on or together with favorable biological factors. 
In evaluating the efficacy of any postoperative treatment, the bio
logical factors mentioned above have to be taken into consideration. 

Finally a last point has to be emphasized. Sometimes an unusually long 
survival of a child's "classical" medulloblastoma is reported. It 
is important to insist on the fact that not every cellular tumor of 
the posterior fossa has to be a medulloblastoma. Ependymomas and also 
small-celled astrocytomas may simulate a medulloblastoma, especially 
if only a few, small tissue fragments are available for histology. 
The consequences of such an incorrect diagnosis are of course erroneous 
pathogenetic, prognostic and therapeutic interpretations. We run the 
risk of recording therapeutic successes on the wrong tumor, whose post
operative course has probably little or nothing to do with the post
operative treatment. The outcome of posterior fossa tumors depends 
chiefly on their exact location, the modern operation techniques, 
anesthesia and intensive care as well. 
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Immunohistopathology in Diagnos.tic Neuropathology 
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Introduction 

Within the field of surgical pathology, immunohistochemistry is now 
frequently applied to the morphological diagnosis of lymphomas (11), 
certain carcinomas and other selected types of tumor (12). In neuro
pathology, the study of neuro-oncological and non-neoplastic diseases 
may also receive diagnostic support from performing immunohistological 
techniques, which encompass immunofluorescent and immunoperoxidase 
methods. The following report represents a survey of our experience 
in this recently developed field of diagnostic neuropathology. 

Methods and Material 

Conventionally formalin-fixed and paraffin-embedded tissue sections 
of surgical and autopsy specimens were deparaffinized and submitted 
to the triple layer peroxidase-antiperoxidase technique (PAP) (10). 
The material consisted of surgically removed brain tumors, such-as 
astrocytomas, oligodendrogliomas, glioblastomas, gliosarcomas, medul
loblastomas, ependymomas, hemangioblastomas, neuroblastomas, pituitary 
adenomas, and post-mortem autopsy specimens, chiefly affected by herpes 
simplex infection. 

Antisera against the glial fibrillary acidic protein (GFAP), hormones 
of the anterior pituitary gland, herpes virus antigen and factor VIII 
were all obtained from either private or commercial sources. Control 
sections were treated by replacing the specific antiserum by non
immunized serum of the same animal species. 

Results 

GFAP 

GFAP is present in reactive and neoplastic astrocytes as amply documen
ted in reactively gliotic tissues and astrocytomas of various degrees 

*We are grateful to Dr. L.F. Eng, Veterans Administration Hospital, 
Standford (USA), for providing antiserum against GFAP, to the National 
Pituitary Agency, Baltimore (USA), for supplying antisera against pi
tuitary hormones. These morphological studies were financially sup
ported by the "Blittner-Stiftung" G6ttingen 
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of anaplasia (Fig. 1). In glioblastomas, GFAP-positive cells are fre
quently encountered, especially in large cells with bizarre nuclei. 
In gliosarcomas, the mesenchymal sarcomatous part does not contain 
GFAP, whereas the astrocytic part does (Fig. 2). SUbependymomas and 
ependymomas may also contain GFAP. Neoplastic astrocytes may spread 
beyond their original parenchymatous confines (Fig. 1). GFAP-positive 
astrocytes may occasionally be entrapped within hemangioblastomas, 
medulloblastomas, neuroblastomas, pineal tumors or lymphomas. The fact 
that in glioblastomas, and even more differentiated astrocytomas, neo
plastic cells may remain non-reactive to the GFAP antiserum, indicates 
a variable number of astrocytes, of possible immaturity. 

Anterior Pituitary Hormones 

Immunohistological demonstration of various hormones such as GH, FSH, 
LH, ACTH, TSH and prolactin in pituitary adenomas provides more pre
cise classification. Prolactin-containing microadenomas may be detec
ted in autopsy specimens (Fig. 3). More than one hormone may occasional
ly be encountered in the same pituitary adenoma. 

Herpes SimpZex Virus Antigen 

In biopsy and autopsy specimens of necrotizing encephalitis, antigens 
of the herpes simplex virus may be demonstrated in neuronal perikarya 
and processes within oligodendrocytes, particularly inside nuclei, but 
not in inflammatory infiltrates. Pyramidal cells seem to be more often 
infected than other cortical neurons, and oligodendrocytes of the cor
tex are more frequently involved than those of the white matter. 

Factor VIII 

This endothelial marker (Fig. 4) is present within endothelial cells 
and neoplasms consisting of capillaries and endothelial cells. 

Discussion 

Immunohistological techniques are now a well established support in 
morphological diagnosis, particularly in that of neoplasms. While 
immunofluorescent methods pertain to those tumors containing inter
mediate filaments (3), development of the PAP technique applied to 
paraffin-embedded sections has proved to be a major advance, as tissues 
do not require special fixation and embedding procedures and also allow 
retrospective studies. The PAP technique is now a routine method in 
many neuropathology laboratories throughout the world and is employed 
in diagnosing astrocytomas and ependymomas and their various forms. 
The introduction of the PAP technique to demonstrate GFAP has also 
separated neoplastic entities, such as meningocerebral xanthoastro
cytomas (6) or highly lipidized astrocytomas (5). The stromal cell 
of cerebellar hemangioblastomas has been interpreted in various ways, 
although it has always been based on the demonstration of GFAP in 
these cells, either being of astrocyte origin (7) or indicating uptake 
of GFAP rather than its intrinsic production (2). Extracerebral and 
extracranial growth of astroglial tumors may be correctly identified 
on account of their production of GFAP. 

The once common classification of pituitary adenomas into chromophobe, 
basophilic and acidophilic types and another one based on morphological 
features as sinusoidal, fetal and diffuse adenomas now appears obsolete 
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in view of the feasibility of detecting pituitary hormones within neo
plastic cells. Recently, endocrine heterogeneity of individual pitui
tary adenomas has been shown (i, ~). 

The morphological detection of viral antigens in human brain tissue is 
still in its preliminary stages. When herpes simplex encephalitis is 
suspected and a biopsy is performed, application of anti-herpes anti
sera to the tissues provides a less cumbersome and often more accurate 
investigative approach than does the documentation of viral particles 
by electron microscopy. Viral antigens in subacute sclerosing panence
phalitis, progressive multifocal leucoencephalopathy and rabies may 
also be immunohistologically detected (1). 

More rarely, malignant angioendotheliomatosis or hemangioendothelio
sarcoma may require demonstration of factor VIII (9) as an endothelial 
marker. The presence of lysozyme and alpha-1-antitrypson marks histio
cytes and granulocytes in respective lesions. More detailed classifi
cation of primary cerebral lymphomas is best left to the general patho
logist, who can classify several subentities of the lymphoma group 
immunohistologically. 

Conclusion 

Immunohistopathology is an ever increasing subspeciality in diagnostic 
morphology. This trend has finally also reached neuropathology. The 
pace of further progress is largely set by the speed, with which new 
cellular antigens are identified, isolated and purified to procure 
specific antisera. Those against neuronal and oligodendroglial cells 
are eagerly awaited to be diagnostically applied to the respective 
neoplasms. Immunohistology may also aid in identifying the original 
site of a cerebral metastasis. 

Summary 

The application of the peroxidase-antiperoxidase technique to con
ventionally formalin-fixed paraffin-embedded tissue is the most prac
tical approach in immunohistopathological diagnosis. In neuropathology, 
the glial fibrillary acidic protein is the major target in astrocyto
mas, ependymomas and their variants. Demonstration of pituitary hor
mones in pituitary adenomas has led to reclassification of these neo
plasms. Immunohistochemical evidence of herpes simplex viral antigen 
amplifies histological and serological as well as culture techniques 
in establishing the precise diagnosis of herpes simplex encephalitis. 
Other immunohistochemical applications pertain to the demonstration of 
immunoglobulins in lymphomas, of factor VIII as an endothelial marker, 
and lysozyme and alpha-1-antitrypsin to connote histiocytes. 
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Fig. 1. a GFAP (arrows) is found in the optic glioma (pilocytic astro
catoma) both in the optic nerve parenchyma (P) and its vascular (V) 
septa (S). X 237.5; b control section without specific anti-GFAP anti
serum; X 237.5; hematoxylin counterstain for nuclei 
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Fig. 2. GFAP (arrows) is confined to the astrocytic (A) part (right) 
of a gliosarcoma; the mesenchymal (M) part is on the l ef t ; hematoxylin 
counterstain for nuclei. X 475 
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Fig. 3. a Prolactin (arrows) is present in regular anterior pituitary 
(P) epithelial cells (right) and in cells of an adjacent microadenoma 
(M) (left); X 475. b control section without specific anti-prolactin 
antiserum. X 475; hematoxylin counterstain for nuclei 
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Fig. 4. ~ Factor VIII (arrows) is present in endothelial cells of a 
cerebellar hemangioblastoma; X 475. b control without specific anti
factor VIII antiserum; X 475; hematoxylin counterstain for nuclei 
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Glial Fibrillary Acid Protein in Medulloblastomas 

E. Schindler and F. Gullotta 
Institut fUr Neuropathologie der Universitat Bonn, Sigmund-Freud·Strasse 25, 
D·5300 Bonn-Venusberg 

Glial Fibrillary Acid Protein (GFAP) is regarded as an astroglial
specific component and its presence can therefore be used to control 
the degree of differentiation of glial elements (BIGNAMI and DAHL, 
1974; 1977). This method is being used with increasing frequency in 
neuro-oncology, with some contradictory results, however (for review 
see De ARMOND et al., 1980). 

We have investigated 52 posterior fossa tumors, histologically diagnosed 
as "medulloblastomas", with the unlabelled irnrnunoperoxidase method after 
STERNBERGER, employing a GF-Antiserum kindly supplied by Drs. Doris 
DAHL and Arnico BIGNAMI, Boston, Mass. (USA). The results can be sum
marized as follows: 

Two cases were definitely identified as small-celled malignant gliomas 
and were therefore discarded from the medulloblastoma group sensu 
strictu. In this group, all three varieties (22 isomorphic; 8 mixed 
type; 20 desmoplastic tumors - see GULLOTTA, this journal (paper 39)) 
were present. 

17 out of 50 medulloblastomas were GFAP-negative. 
23 tumors were classified as "pseudopositives", 

because their positivity was due to reactive and/or degenerating astro
cytes intermingled with tumor cells. These astrocytes were easily recog
nized not only by their cellular shape and their strong GFAP-positivity, 
but also on the basis of their topographical distribution: the exact 
analysis of the tumor, especially of its manner of growth, permitted 
us in all these cases to distinguish "pure" tumor parts (GFAP-negative) 
from pseudopositive areas, i.e. infiltrated cerebellar tissue. Some 
positive astrocytes, reactive type, were also detected in a few arach
noidal sarcomas (i.e., "desmoplastic" medulloblastomas). A prolifera
tion of glial cells from the molecular layer into the leptomeninges, 
in consequence of a local chronic irritation with breakage of pia
glia-barrier is well known since SPIELMEYER (1922). 

In ten tumors, intermingled with neoplastic cells and bearing morpho
logical similarities to them, some GFAP-positive cells were found. 
These cells were mostly scattered among tumor elements, but occasional
ly they also appeared as small clusters. Taking into account the 
theoretical possibility of a glial development from undifferentiated 
medulloblastoma cells, we did classify these cases as "positives". In 
five of them, however, a careful investigation of many additional tumor 
samples, also revealed pseudo-positive areas. It cannot therefore be 
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excluded with certainty that these "positive" cells were also in reali
ty, pre-existing reactive glial cells - or tumor cells bearing phagocy
tized GFAP. It has in fact to be stressed that in some meningiomas and 
cerebral epithelial metastases as well, we detected sporadically some 
GFAP-positive elements undoubtly neoplastic in origin. In these cases, 
GFAP-positivity can only be explained on the basis of phagocytosis 
(occasionally macrophages are found to be GFAP-positive), or of un
specifity of immunochemical reaction. 

Our results do in part confirm those presented by others (PALMER et 
al.; MANNOJI et al.), although our interpretation is quite different, 
however: 

1. An assured glial differentiation in medulloblastomas is lacking or 
is extremely rare. For an exact interpretation of the immunocyto
chemical results, the analysis of the whole tumor, of its manner of 
growth, and of further histological factors as well are of paramount 
importance. The positivity of a single cell, or the investigation 
on only a few small tumor samples are inadequate for a correct eva
luation of the findings. 

2. This immunocytochemical method is useful in differentiating medullo
blastomas from small-celled astrocytomas and, in part, ependymomas. 
In these cases too, large tissue samples have to be examined, how
ever. 

3. In our material, no correlation between presence or quantity of GFAP 
and biological behaviour of the tumor, i.e. course of disease, could 
be demonstrated. 
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Decide on the Surgical Procedure in Medulloblastomas and 
Astrocytomas of the Posterior Fossa 
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The removal of tumors in the posterior fossa in childhood depends on 
the type and quality of the tumor on the one hand and on the anatomical 
location on the other. 

In spite of the pre-operative diagnosis as well as of the intraoper
ative finding,the surgeon is not always able to decide what kind of 
tumor he is dealing with. 

In comparison with cerebellar astrocytomas in which the surgical treat
ment is the most important, in patients with medulloblastomas post
operative radiotherapy will follow. Therefore the surgeon should strive 
for a radical removal of cerebellar astrocytomas even if neurological 
deficits must be taken into account, while a radical removal in the 
case of a medulloblastoma is not so necessary because of good possibili
ties in postoperative treatment. 

Because of this we have checked our patients and we laid great emphasis 
on how far the intraoperative macroscopical aspect agreed with the his
tological examination and further to compare the opinion about the in
traoperative histological diagnosis with the results of the later his
tological examination. 

We would like to present 25 patients with medulloblastomas and 24 pa
tients with cerebellar astrocytomas who have been treated in our hos
pital since 1974. 

The sex and age distribution corresponds with that in the literature 
(Table 1 and Fig. 1). 

The patients were divided into four groups according to the Bloom class
ification when they entered the hospital (Table 2). 

Table 1. Sex distribution 

d' 

Medulloblastoma 

16 

9 

Astrocytoma 

14 

10 
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Table 2. Bloom's classification (1971) 

Medulloblastoma 

I 

II 9 

III 13 

IV 2 

Astrocytoma 

5 

6 

12 

After the initial X-ray examination the tumor was operated on in all 
cases. In all patients with medulloblastomas and in 15 patients with 
astrocytomas a Pudenz-Heyer drainage was inserted. 

The anatomical localisation is shown in Table 3. In 11 cases with me
dulloblastomas and in 12 cases of astrocytoma we found the tumor was 
limited to the vermis and/or the cerebellar hemisphere. In 14 cases 
of medulloblastoma and in 12 cases of astrocytoma infiltration into 
the brain stem was seen. 

In ten patients with medulloblastoma the tumor was removed totally, 
in nine cases there was a subtotal removal and an excision only for 
histological examination was done in two (Table 4). 

In 12 cases of cerebellar astrocytoma we had success with a total re
moval of the tumor. A subtotal removal was done in ten and only a 
biopsy in two cases. 

For patients with infiltrating tumors a total removal is dangerous to 
life and often serious neurological deficits must be taken into account. 
Because of the different methods of treatment needed for each kind of 
tumor an intraoperative diagnosis is desirable. 

During the operation we established that there was infiltration of 
the tumor in eight patients with medulloblastoma. In all cases the 
diagnosis was confirmed by the intraoperative histological exam
ination and therefore a radical removal of the tumor was carried 
out. Because of the pre-operative diagnosis infiltration was confirmed 
in six patients, and therefore in these cases only a subtotal removal 
of the tumor or an excision for histological examination was planned. 
The intraoperative diagnosis agreed in all cases with the final histo
logical opinion. 

Table 3. Anatomical location 

Vermis and/or cerebellar hemisphere 

Infiltration into the brain stem 

Table 4. Type of surgical procedure 

Total 
Subtotal 
PE 
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Medulloblastoma 

10 
9 
6 

Medulloblastoma 

11 

14 

Astrocytoma 

12 
10 

2 

Astrocytoma 

12 

12 



In case of 12 patients with infiltrating cerebellar astrocytomas an 
intraoperative histological examination confirmed the diagnosis in 
eight cases. Here we tried to remove the tumor as radically as pos
sible. Finally we had success in three cases. In the other patients 
with infiltrating tumors a radical removal was not possible because 
of the extension of the tumor and because of the patients' poor con
dition. The intraoperative histological diagnosis was confirmed in all 
cases by the final histological result. 

I would like to comment on six cases of cerebellar astrocytomas in 
which the surgeon diagnosed a medulloblastoma because of the macro
scopic app~arance, whereas in all cases of medulloblastoma the macro
scopical appearance agreed with the histological diagnosis. 

Thirteen patients of 25 with medulloblastomas died, whereas only six 
of 24 with cerebellar astrocytomas died. Th~ patients were checked up 
in our clinic and were divided according to the classification of 
Bioom (Tables 5, 6). 

Eleven patients have had a good chance to continue their lives and 
avoid any recurrence of the tumor because the astrocytoma was totally 
removed (Table 6). 

In spite of computerized tomography and the intraoperative macroscopic 
appearance, even today it is impossible to be absolutely definite about 
the true nature of a tumor. Therefore we think that an intraoperative 
histological diagnosis is very helpful in planning the operation in 
case of infiltrating medulloblastomas and cerebellar astrocytomas. 

Table 5. Bloom's classification (1971 ) 

Medulloblastoma 

Preoperative of Postoperative 

I 1 5 
I! 9 4 4 
III '13 8 8 
IV 2 1 1 

Table 6. Bloom's classification (1971) 

Astrocytoma 

Preoperative 1:< Postoperative 

I 5 2 2 (2 t) 
I! 6 10 (6 t) 
II! 12 3 6 (3 t) 
IV 1 1 (t) 
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patients 

5 
4 

3 
2 

~ medulloblastoma 

•• astrocytoma 

T+C'~~rr~.4~-r~~~~~r-age 
6 8 10 12 14 16 18 20 22 24 

Fig. 1. Age distribution of patients with medulloblastoma and 
cerebellar astrocytomas 
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Tumors of the Posterior Cranial Fossa in Childhood: Role of 
Radiotherapy and Chemotherapy 

H. J. G. Bloom 
Department of Radiotherapy and Oncology, Royal Marsden Hospital and Institute of 
Cancer Research, GB-London SW3 

Introduction 

Although the infratentorial brain volume is only one tenth of that in 
the supratentorial region, some 55% of all intracranial tumors in 
children are found in the posterior cranial fossa (Table 1). This is 
in sharp contrast to the situation in adults where most tumors occur 
in the larger volume of the supratentorial region and only 10% arise 
in the posterior fossa_ 

In children under age 16, tumors occurring in the posterior fossa have 
a wide range of biological behavior. Here are found the most favorable 
tumors which are curable by surgery alone and also the most lethal le
sions requiring multi-modal therapeutic endeavours to try and achieve 
maximum tumor control. The prognostically favorable low grade astro
cytomas of the cerebellum make up about one third of all posterior fos
sa tumors, whilst the highly malignant medulloblastomas constitute some 
30%, brain stern gliomas about 17% and ependymomas 11% (Table 2). Thus, 

Table 1. Intracranial tumors in children; 2720 cases (5 series)a 

Supratentorial 

Infratentorial 

Cases % 

1202 

1518 

44 

56 

a MATSON (1969), Boston; KOOS (1971), Vienna; KOOPER (1975), Melbourne; 
HEISKANEN (1977), Finland; GJERRIS (1978), Denmark 

Table 2. Posterior fossa tumors in children. From total 2720 cases 
(5 series) 

Cases % 

Cerebellar astro. 491 32 
Medulloblastoma 469 31 
Brain stern 254 17 
Ependymoma 174 11 
Others 130 9 

Total 1518 100 
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two thirds of all posterior fossa tumors in children are cerebellar 
astrocytomas or medulloblastomas in roughly equal proportions. Among 
the additional rare tumors found in this region for which radiotherapy 
may have a role are lepto-meningeal sarcomas, choroid plexus tumors, 
hemangioblastomas and chordomas. 

Roayl Marsden Hospital Series (1952 - 76) 

Reference will be made to 267 children with posterior fossa tumors 
referred to the Royal Marsden Hospital for radiotherapy. These con
stitute 58% of our total series of 461 patients under age 16 with 
primary intracranial tumors seen at this hospital between 1952 - 1976 
(Table 3). The proportion of posterior fossa cases in this series is 
almost identical to that found in the collected general or neurosurgi
cal series (Table 1). Survival of the children with infratentorial tu
mors is compared with that of 192 children with supratentorial tumors 
in Fig. 1. 

The precise composition of our infratentorial group of patients is 
shown in Table 4. The high proportion of medulloblastoma cases (51%) 
and the low incidence of those with cerebellar astrocytomas (11%), 
compared with the collected series (Table 2), merely reflects the 
practice of a radiotherapy department which has a special interest 
in medulloblastoma and is rarely called upon to treat children with 
low grade cerebellar astrocytomas for which operation is, of course, 
the principal treatment. 

Medulloblastoma 

Medulloblastoma is the most malignant and most frequent intracranial 
type of cancer found in childhood, constituting about 20 - 25% of all 
intracranial tumors occurring before the age of 16. The first treat
ment is the only one which carries any hope of success: after recur
rence, further measures by operation, radiotherapy or chemotherapy can 
only be palliative. 

Table 3. Royal Marsden Hospital (1952-76). Intracranial tumors in 
children (461 cases) 

Site Cases % 

Supratentorial 192 41 .7 
Infratentorial 267 57.9 
Multiple 2 0.4 

Total 461 100.0 

Table 4. Royal Marsden Hospital (1952-76). Post. fossa tumors in 
children 

Medulloblastoma 
Cerebellar astrocytoma 
Ependymoma 
Brain stem glioma 
Others 

Total 

210 

Cases 

135 
30 
31 
57 
14 

267 

% 

51 
11 
12 
21 

5 

100 



Surgical excision and re-excision cannot cure these tumors. They are 
extremely radiosensitive and with post-operative irradiation to the 
whole neuraxis using precise megavoltage techniques and high doses 
compatible with reasonable safety, particularly to the posterior fossa, 
survival rates of approximately 40% at five years and 30% at ten years 
are to be expected (Table 5). This is in contrast to a five-year sur
vival rate of less than 10% associated with operation and inadequate 
radiotherapy. The survival of 118 children completing radiotherapy at 
the Royal l>1arsden Hospital between 1952 and 1976 is shown in Fig. 2 
(BLOOM, 1982a ). 

Children with medulloblastoma die essentially because of failure to 
eradicate the primary tumor: recurrence in the posterior fossa, with 
or without spread elsewhere, is found in some 75% of treatment fail
ures (BLOOM et al., 1969; CASTRO-VITA et al., 1978; NUCHEL and ANDER
SON, 1978). The incidence of local disease is even greater among pa
tients subjected to autopsy - 13 of 14 (93%) cases reported by BLOOM 
et al. (1969), and 13 of 15 (87%) reported by NUCHEL and ANDERSON 
(1978). The risk to life and to cerebral function associated with 
radical surgery for medulloblastoma, a tumor which not infrequently 
involves the brain stem, imposes serious limitations on attempts at 
total tumor excision. Furthermore, the maximum dose of irradiation 
which can be delivered without serious risk to normal brain tissue, 
especially in very young children, is also restricted. Even after 
doses of 50 - 60 Gy, which surely must approach the upper limits of 
normal brain tolerance in children, local failure still occurs in 
50 - 60% of patients. Thus, further advances in the treatment of me
dulloblastoma cannot be expected from present conventional methods 
of surgery and radiotherapy. 

There are several possible therapeutic approaches to the problem of 
residual radioresistant medulloblastoma. These include the use of 
chemical radiosensitizers, particle beams (fast neutrons) or chemo
therapy (BLOOM, 1979a ). From a review of these options, the most 
reasonable and most hopeful choice at present would seem to be chemo
therapy (BLOOM, 1982b ). 

Table 5. Medulloblastoma in children 1970 - 82. (Series of > 30 
patients) 

KOOS & MILLER (1971) 
SMITHetal. (1973) 
PEARSON (1974) 
HENDRICK et al. (1975) 
HARISIADIS & CHANG (1977) 
MEALY & HALL (1977) 
NUCHEL & ANDERSON (1978) 
HARDY et al. (1978) 
McINTOSH (1979) 
SCHWEISGUTH (1979) 
BERRY et al. (1981) 
BLOOM (1982) 1952-70 

1970-80 

a Includes 24 adults 

Cases 

120 
36 
84 
40 
58 
32 
38 
42 
66 
82 

122 a 
87 
37 

5 Year 
Survival (%) 

30 
32 
37 
42 
40 
41 
33 
40 
21 
50 
56 
32 
71 
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Chemotherapy 

There are certain problems to be considered in developing possible 
cytotoxic drug regimes for children with medulloblastoma. First and 
foremost, we need effective agents against the tumor. Second, given 
the availability of such agents, they must be able to pass the blood
brain barrier. Third, the treatment must be feasible since marrow 
reserve in such cases is inevitably seriously compromised by cerebro
spinal axis irradiation. Fourthly, a combination of chemotherapy and 
radiotherapy must be reasonably safe, since enhanced changes may oc
cur in normal brain tissue leading to late sequelae, especially in 
young children in whom the developing brain is known to be particular
ly vulnerable to toxic injury. Finally, any potentially useful drug 
regimen must not jeopardise the administration of radiotherapy which, 
at least for the present, remains the most effective and reliable ad
juvant treatment for this disease. 

Over the past decade there have been only sporadic studies of chemo
therapy for recurrent medulloblastomas. Numbers of cases have gen
erally been small, additional treatment other than chemotherapy often 
used, and criteria for response not always clearly defined. Never
theless, it seems that this tumor may respond to the nitrosourea drugs, 
procarbazone, vincristine and also methotrexate. 

Royal Marsden Hospital Medulloblastoma Study 

In 1970 we started a pilot study at the Royal Marsden Hospital to 
assess the feasibility and possible value of adjuvant chemotherapy 
following radical surgery and megavoltage radiotherapy (BLOOM, 1975). 
We have now treated 40 children using mainly vincristine during ra
diotherapy, followed by intermittent maintenance courses of vincris
tine and CCNU cycled every six weeks over a period of approximately 
one year after completion of radiotherapy (BLOOM, 1982b ). The sur
vival for this group is greater than that of an earlier historical 
series of 87 patients from the same centre in which chemotherapy was 
not used (Fig. 3). The difference between the two groups at five years 
is highly significant (p < 0.001). 

Chemotherapy was reasonably well tolerated but, as expected in chil
dren undergoing prior cranio-spinal irradiation, marked myelo-suppres
sion occurred in some patients which made a reduction in dose of CCNU 
or delays in drug administration inevitable. Serious neurotoxicity 
with vincristine was rarely seen and full dosage of this agent through
out was generally achieved. There were not drug-related deaths. 

Historical controls, of course, are unsatisfactory and in recent years 
modern megavoltage techniques alone have improved results in children 
with medulloblastoma without the addition of chemotherapy. Further
more, advances in neurosurgery, especially the advent of the operating 
microscope, may permit more complete tumor excision, a factor which 
is related to a more favorable prognosis. Clearly, for these reasons 
a controlled study was required to assess the role and value of ad
juvant chemotherapy for children with medulloblastoma. 

SIOP Medulloblastoma Study (1975 - 79) 

In 1975 the Brain Tumor Committee of the International Society of 
Pediatric Oncology (SlOP) started a multi-centre prospective random
ised trial. Fourty-four centres from 15 countries entered 287 chil-
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dren with medulloblastoma into the study which was closed in Septem
ber, 1979. The treatment protocol has been given elsewhere (BLOOM, 
1979a ) . 

The results, as reported to the SlOP Annual Conference in Marseilles, 
September, 1981, revealed a difference in disease-free survival be
tween the two principal arms of the trial in favor of adjuvant chemo
therapy (Fig. 4): The difference, however, was not statistically sig
nificant (p = .056) (BLOOM et al., 1982). In virtually all sub-group 
correlations the survival of patients receiving chemotherapy was su
perior to that of the control groups, although again the difference 
often did not reach the generally accepted level of statistical sig
nificance. However, significant results were obtained in favor of 
chemotherapy in certain high risk sub-groups, namely, children aged 
less than two years (p = .04), those having only partial or sub-total 
tumor excision as opposed to macroscopically "total" removal (p = 
.005), and those with brain stem involvement (p = .004) (Fig. 5). 

In the American CCSG/RTOG Medulloblastoma Study (EVANS et al., 1979) 
there also has been no statistically significant overall advantage 
for chemotherapy but recently, as in the SlOP study, such benefit may 
be emerging in certain high risk groups (Dr. Audrey EVANS, personal 
communication, 1982). More advanced results from both sides of the 
Atlantic are awaited with interest. 

Further Studies 

On the basis of the present SlOP data, it seems that adjuvant chemo
therapy must improve the survival of children in certain high risk 
groups and that further work in this direction is fully warranted. 
Various pediatric teams are searching for more effective chemotherapy 
regimens. Bearing in mind the need to avoid compromising marrow func
tion which may interfere with subsequent radical radiotherapy, care 
will be required in devising any chemotherapy schedule which is to be 
additional to the vincristine/CCNU combination already used. Metho
trexate with leucovorin rescue would appear to be one possible option. 
Following the lead by ROSEN et al. (1977) in using high dose systemic 
methotrexate with leucovorin rescue for recurrent brain tumors in 
children, this approach is now being applied to primary adjuvant che
motherapy for medulloblastoma by Dr. VOUTE in Amsterdam (personal 
communication, 1980), in combination with other drugs by RIEHM et al. 
(1981) and as an extension to the SlOP protocol at the Royal Marsden 
Hospital (BLOOM, 1982b ). 

A successful adjuvant chemotherapy regimen in children with medullo
blastoma may ultimately permit a reduction in the dose of prophylactic 
irradiation to the cerebral hemispheres and also to the spinal cord. 
At present, however, it would be premature to reduce the dose of ir
radiation, especially to the posterior fossa where tumor recurrence 
generally first appears. Furthermore, the value of prophylactic spinal 
irradiation is evident when we consider the past high failure rate 
when treatment was limited to the cranium (JENKIN, 1969; HOPE-STONE, 
1970; GULLOTTA, 1979; LANDBERG et al., 1980). Thus it seems that spinal 
irradiation can eradicate occult metastases and this is also supported 
by the recent report by DEUTSCH and REIGEL (1980) who found positive 
myelograms, one to four weeks after craniotomy for medulloblastoma, in 
no less than seven of 16 children (43%) in whom spinal spread was not 
suspected. 
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Cerebellar Astrocytomas 

The low grade astrocytoma of the cerebellum is one of the most im
portant tumors met with in children. It is among the commonest intra
cranial lesions, and is also one of the most curable. The majority 
are slow growing, well-circumscribed, often cystic lesions, frequent
ly amenable to complete excision. In such circumstances 100% cures 
are expected. However, in about 30% of children total removal may not 
be possible. Based on histological criteria, there appear to be two 
distinct types of cerebellar astrocytoma in children. There is the 
more frequent juvenile piloid lesion characterised by elongated uni
polar and bi-polar cells with oval nuclei, scanty cytoplasm, rare 
mitoses, prominent fibrillary processes and Rosenthal fibres: tumors 
of this type are associated with a 25-year survival rate of more than 
90%. There is also a less common more diffuse type of cerebellar astro
cytoma with which only some 30 - 40% of patients are still alive at 
25 years (GJERRIS and KLINKEN, 1978): it is in this variety that radio
therapy may have a role to play. 

Since incomplete removal of cerebellar astrocytoma may be followed by 
a prolonged symptom-free period, perhaps extending over many years 
(GEISSENGER and BUCY, 1971; GRIFFEN et al., 1979), the value of post
operative radiotherapy in such cases is obviously difficult to assess. 
However, from our experience with low grade astrocytomas in the cere
bral hemispheres, particularly the hypothalamic region, and in the 
optic pathways, it appears that such tumors may respond remarkably 
well to irradiation (BLOOM, 1982a ). It would therefore seems reason
able to recommend post-operative irradiation for cases of cerebellar 
astrocytoma with known residual disease, particularly if the tumor is 
of grade II or higher malignancy and especially if there is invasion 
of the brain stem. GRIFFEN et al. (1979) and also LEIBEL et al. (1975) 
report results which suggest that post-operative irradiation following 
partial tumor removal increases survival of patients with low grade 
astrocytoma. Treatment results in children with cerebellar astrocyto
mas referred to radiotherapy departments obviously cannot be compared 
with purely neurosurgical series, in view of the selection of only 
unfavorable cases for post-operative irradiation. 

Royal Marsden Hospital Series of Cerebellar Astrocytomas 

In 30 children with cerebellar astrocytoma referred for post-operative 
radiotherapy, 70% were alive at five years and 58% at 10 - 20 years 
(Fig. 6). Prognosis appears to be influenced by age, the youngest chil
dren having the lowest survival (Fig. 7). 

High Grade Cerebellar Astrocytomas 

Cerebellar astrocytomas of high grade malignancy are rare in children. 
They may develop de novo (FRESH et al., 1976; KEPES et al., 1980) or 
as recurrence of a previously treated low grade lesion after a latent 
period, sometimes as long as 30 - 40 years (SCOTT and BALLANTINE, 1973; 
BUDKA, 1975). Unlike the situation in the cerebral hemispheres of 
adults, progression with time to less differentiated and histologically 
more malignant looking astrocytomas is very rare in childhood cerebel
lar tumors. Incidentally, the histological appearance may not always 
reflect the inherent biological potential of these tumors: a perfectly 
indolent-looking cerebellar tumor can behave in a malignant fashion 
(AUER et al., 1981): the reverse may also occur. 
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It has been suggested that therapeutic irradiation may be a factor in 
the progression of a tumor of low grade malignancy to one of higher 
grade. We know that this change often occurs in the cerebrum without 
prior radiotherapy (MULLER et al., 1977). Examples of malignant trans
formation in cerebellar astrocytomas of children after a long latent 
period following treatment by radiotherapy have been reported by BUDKA 
(1975), SCOTT and BALLANTINE (1973) and by KLEINMAN et al. (1979), but 
such a change has also been observed in patients treated solely by 
operation (BERNELL et al., 1972). 

SHAPIRO and SHULMAN (1976) report three extraordinary cases of low 
grade juvenile cerebellar astrocytoma which seeded to the spinal sub
arachnoid space. This is a very rare event and prophylactic irradia
tion of the spine in children with juvenile cerebellar astrocytomas 
is certainly not indicated. If such spread occurs it seems that long
term control of the spinal disease may be achieved by operation and 
radiotherapy. 

Chemotherapy 

There is very little information concerning the use of chemotherapy 
for cerebellar astrocytomas in children. In a recent report EDWARDS 
et al. (1980) referred to two or three patients with recurrent solid 
low grade astrocytomas that responded well to nitrosourea agents. From 
our experience with recurrent cerebral hemisphere astrocytomas in 
adults, it is the low grade lesions which are more likely to show a 
good response to treatment with the nitrosourea agents (BLOOM, 1982a ). 

Ependymoma 

Ependymomas are mainly tumors of children and young adults with the 
peak incidence during the first decade. They constitute approximately 
10% of all CNS tumors in childhood: one-third occur above, and two 
thirds below the tentorium. 

Past experience has shown that attempts to treat ependymomas solely 
by operation, although somewhat more successful than with medullo
blastoma, have produced five-year survival rates of only 15 - 20%. 
To improve on these figures post-operative radiotherapy is essential 
and to obtain a maximum number of cures the principle of large volume, 
high dose treatment is essential. After such postoperative radiothera
py the five-year survival rate has increased to about 50% (SALAZAR et 
al.,1975). 

Over 90% of posterior fossa ependymomas arise from the floor of the 
fourth ventricle. They may fill the ventricle, grow out of the foramina 
to extend laterally to the cerebello-pontine angle and also inferiorly 
through the foramen magnum along the cervical cord, sometimes as far 
down as the fifth cervical vertebra. They may seed along the CSF path
ways with the formation of widespread satellite nodules and this risk 
will influence radiotherapy policy. However, opinions vary regarding 
the frequency of this complication. The average incidence among 598 
cases collected from the literature was 12% with a range of between 
0% and 60% (BLOOM, 1982a ). The risk seems to depend upon primary tumor 
site, histological grade and, of course, whether the diagnosis of 
seeding is based on clinical, radiological, cytological or autopsy 
findings. 
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In a series of 39 patients of all ages seen at the Royal Marsden Hos
pital with histologically graded ependymomas, clinical evidence of 
dissemination developed in seven (19%): this complication occurred 
more frequently in patients with tumors situated in the posterior 
fossa (21%), tumors of high grade malignancy (26%), and especially 
when both these features were present (29%) (BLOOM, 1982 C ). Unlike 
the situation with medulloblastoma, ventricular and subarachnoid de
posits from ependymomas often do not seem to progress and may remain 
in a sub-clinical phase for a considerable time, perhaps during the 
entire life of the host. 

For all patients with high grade tumors and for all those with tumors 
of any grade situated in the posterior fossa we recommend irradiation 
of the whole cerebro-spinal axis. The risk of dissemination in supra
tentorial low grade ependymomas seems to be quite small and for these 
lesions treatment should be given to the primary site with a substan
tial margin of clearance without the need to irradiate the whole brain 
and spinal cord. 

Royal Marsden Hospital Ependymoma Series 

Of 47 children with histologically verified ependymoma referred for 
radiotherapy between 1952 and 1976, 53% were alive at five years, 37% 
at ten years, and 32% at 20 years (BLOOM, 1982 b ) (Fig. 8). 

Because of their surgically more dangerous anatomical site, posterior 
fossa ependymomas carry a greater operative mortality than supraten
torial lesions. On the other hand, supratentorial ependymomas tend to 
be more infiltrative and of higher grade malignancy than those found 
in the fourth ventricle: ultimately, the prognosis is better for pa
tients with posterior fossa lesions. The survival rates for children 
with infratentorial and supratentorial ependymomas were comparable at 
five years (50% and 54%, respectively): after this time, however, 
whilst the level of survival was maintained up to 20 years for patients 
with infratentorial tumors (45% - 38%), it declined rapidly to 18% for 
those with supratentorial lesions (Fig. 9). The better outlook for pos
terior fossa ependymomas was also found by MARKS and ADLER (1982) and 
by GJERRIS et al. (1978). 

Prognosis in patients with ependymoma is largely determined by his
tological grade: for 13 children with grade I and II infratentorial 
tumors the five year survival rate was 69%, compared with only 33% 
for 14 with grade III and IV lesions. Age also influences the outcome, 
the highest survival being associated with older children. 

Adjuvant Chemotherapy 

Because of the poor results in children with high grade ependymoma 
after operation and radiotherapy we decided to test the value of ad
juvant chemotherapy in a pilot study at the Royal Marsden Hospital 
using the same programme as for children with medulloblastoma. Al
though our early results were encouraging, improvement with adjuvant 
chemotherapy was not maintained beyond six years: life appears to have 
been prolonged without an increase in cure rate (Fig. 10). 

The International Society for Paediatric Oncology have also included 
high grade ependymomas as a separate group in their brain tumor study. 
So far, there is no difference between the survival rates for those 
receiving adjuvant chemotherapy and the controls (BLOOM et al., 1982). 
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It appears that ependymomas are more resistant than medulloblastoma 
to the same chemotherapy: a different type of cytotoxic drug combina
tion is required to achieve a greater effect in patients with epen
dymomas. 

Brain Stern Tumors 

Brain stern gliomas are intrinsic neoplasms of the medulla and pons and 
constitute about 10% of all intracranial tumors in childhood. In most 
patients the diagnosis is based on clinical and radiological features, 
since operation, even when limited to biopsy, is hazardous. The corre
lation between cases histologically verified by operation or at post
mortem and the clinico-radiological diagnosis is high and it is there
fore considered justifiable to treat patients with brain stern tumors 
solely on the basis of radiological and clinical findings. 

Radiotherapists naturally feel uneasy when patients are referred for 
treatment with unverified tumors. However, in the case of the brain, 
they have had to corne to terms with the situation and fully appreciate 
that for some patients the risks of treatment are often less than those 
associated with biopsy. The results for patients with verified brain 
stern tumors are similar to those in which histology is not available 
(KIM et al., 1980). 

Irradiation is the treatment of choice, after which there is usually 
a good initial clinical response rate in about 70% of cases (Table 6). 
Responses appear to be greater in children than in adults (LASSITER 
et al., 1971). Cranial nerve palsies, long tract signs, speech diffi
culties and mental disturbance may all improve substanitally after 
irradiation: in some cases resolution may be complete. Regrettably, 
these responses are generally not maintained and tumor recurrence oc
curs in the majority of patients, resulting in progressive distressing 
disability and early death. 

Royal Marsden Hospital Series of Brain Stem Tumors 

Fifty-seven children with tumors of the brain stern were referred to 
the Royal Marsden Hospital for radiotherapy between 1952 and 1976. 
Ten of the 57 failed to complete the full course of treatment but are 

Table 6. Brain stern tumors response to radiotherapy. Various reported 
series 

Authors Cases Clinical improvement (%) 

BRAY et al. (1958 ) 24 15 (63) 
LASSMAN & ARJONA (1967) 15 12 (80) 
PAN ITCH & BERG ( 1970) 28a 21 (75) 
LASSITER et al. (1971 ) 16a 15 (94) 

9b 2 (22) 
MARSA et al. (1973) 15a 13 (87) 
SHELINE (1975) 27 19 (70) 
GREENBERGER et al. (1977) 26 19 (73) 
KIM et al. (1980) 63 35 (56 ) 

Total 223 151 (68) 

a Children only; b Adults only 
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not excluded. At five years, 17% of the entire series were still alive 
and this figure was maintained to 20 years (Fig. 11). Failures were 
rapidly fatal: 60% of the children were dead at 12 months. Similar re
sults, reported by other authors have been summarised elsewhere (BLOOM, 
1982a ). A few authors have reported surprisingly high survival rates 
of up to 30% or 40% at five years (WHYTE et al., 1969; SHELINE, 1977; 
VILLANI et al., 1975; KIM et al., 1980). Different results from various 
centres, using similar treatment, is most likely explained by the in
cidence of different tumor types, age distribution, and especially in
clusion of other anatomical sites adjacent to the brain stem such as 
the fourth ventricle, mid-brain, hypothalamus and third ventricle, 
all of which have a better prognosis than those arising in the brain 
stem proper (pons and medulla) . 

Operation in Brain Stem Cases. Posterior fossa surgical exploration in 
patients with suspected brain stem tumors may be of value for clinical 
diagnosis, for biopsy of exophytic lesions, for cyst aspiration and 
for making a by-pass. Removal of a mural nodule from a cystic brain 
stem glioma has been reported by LASSITER et al. (1971). Recently, 
HOFFMAN et al. (1980) have sought to identify a small group of circum
scribed, non-infiltrating brain stem glioma, which compress the aque
duct and bulge into the fourth ventricle, for which surgical excision 
appears to be feasible. However, this concept was applicable to only 
ten of their 121 cases. The possible benefit of surgery must always 
be weighed against the operative risk. An alternative approach is to 
use radiotherapy initially and to undertake exploration only if there 
has been no reduction in tumor mass. 

Gliomas of the brain stem represent a great challenge to the radio
therapist. The tumor burden is relatively small, a good initial re
sponse to irradiation is obtained but there is a high recurrence rate 
without dissemination. Little further progress can be expected from 
megavoltage radiotherapy alone and, so far, adjuvant chemotherapy ap
pears to be only of limited value. The situation is ideal for explor
ing the value of chemical radiosensitizers in the hope of rendering 
residual hypoxic tumor tissue, after the initial good response to ir
radiation, more vulnerable to treatment. We are conducting a pilot 
study in which misonidazole is used as a radiosensitizer in the prim
ary treatment of children with brain stem tumors. This agent is given 
in daily oral doses of 600 mg/m2 during the last four weeks of a six
week course of radical megavoltage radiotherapy during which time a 
total tumor dose of 50 Gy is delivered. The sensitizer is administered 
four hours before irradiation and this is followed by blood levels of 
between 30 and 40 micrograms/mI. It is too early for results but, so 
far, it can be said that misonidazole has been extremely well tolerated 
and gastro-intestinal disturbance and peripheral neuropathy have been 
slight (BLOOM and BUGDEN, 1982). 

Other Posterior Fossa Tumors 

Among the rarer tumors occurring in the posterior fossa of children, 
radiotherapy may be of value in the treatment of choroid plexus tu
mors, hemangioblastoma, chordoma and lepto-meningeal sarcoma. 

Radiotherapy is recommended for choroid plexus tumors if the lesion 
is incompletely excised or shows histological features suggestive of 
malignancy. Such cases are treated by whole cerebro-spinal axis ir
radiation. We have had two cases of choroid plexus of the fourth ven
tricle: in one the spine was not treated and the child died within 
one year with spinal metastases, whilst the second, who received whole 
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eNS irradiation, is alive and well 15 years after treatment. From our 
experience in adults, recurrent hemangioblastomas may respond well to 
radiotherapy with prolonged survival of 10 - 20 years or more. Post
operative irradiation is recommended for primary cases. Although the 
dose of irradiation required to eradicate chordomas of the clivus is 
in excess of normal brain tolerance, control over several years may 
be achieved by doses within the acceptable range after surgical re
duction of the tumor mass. 

Poorly differentiated lepto-meningeal sarcomas generally of the spindle 
cell or polymorphic cell type, may occur in infants and older children. 
They probably arise from the surface meninges or from perivascular 
pial extensions within the brain substance. The tumor may form circum
scribed masses or infiltrate diffusely over a wide area. Postoperative 
radiotherapy may achieve limited control. Very rarely, an intracranial 
sarcoma may develop many years later at the site of previous cranial 
radiotherapy, but most of the reported cases have occurred in the re
gion of the sella turcica after treatment of pituitary tumors. 

Quality of Survival 

In no other condition can there be more concern over possible late 
sequelae as following the successful treatment of a child with a 
brain tumor, especially as the survival rates for such patients have 
increased in recent years. Approximately 45% of all 461 children aged 
under 16 in our series with all types of intracranial tumor who com
pleted radiotherapy, given either postoperatively or as the sole treat
ment, survived more than ten years. Furthermore, 36% of those under 
the age of three, in whom the rapidly developing central nervous sys
tem may be particularly vulnerable to the effect of disease and of 
treatment, were alive after ten years. The spectrum of survival over 
20 years for the different types of posterior fossa tumor is shown 
in Fig. 12. 

The dose/time factors we have used in radiotherapy appear to be rela
tively safe in that they are not associated with gross irradiation 
damage. On the other hand, such treatment may produce more subtle 
changes which could lead to disturbance of higher mental function, 
emotional problems and endocrine deficiency, notably of growth hor
mone. It is of course difficult to separate out the precise cause of 
such complications which, at least in some cases, may be due more to 
the direct and indirect effects of the tumor, particularly hydrocephal
us and perhaps even to the act of surgery itself, rather than to ra
diotherapy. Mental impairment may be found in patients treated for 
brain tumors who have never received radiotherapy. One should also 
not forget the impact on a child's mind of prolonged illness, physical 
disability, loss of schooling and parental anxiety (BLOOM, 1982d ). 

Age at the time of treatment is an important factor in determining 
the risk of late changes, the youngest children being the most vul
nerable. Treatment given in a shorter total time than that generally 
recommended, using greater individual fractions of irradiation, carry 
considerably greater risk to the young central nervous system. Our 
treatment policy ensures that the individual daily maximum tumor doses 
never exceed 1.6 Gy (i.e. 8 Gy per week), and for the youngest chil
dren under age two, 1.4 Gy (i.e. 7 Gy per week). In children with 
infratentorial tumors the maximum dose of irradiation is directed to 
the posterior fossa and risk of late intellectual and endocrine se
quelae is probably less than after treatment of primary tumor situated 
in the cerebral hemispheres. 
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Elsewhere, reference has been made to a number of authors who have 
reported favorably on the overall functional results in children 
treated for brain tumors by irradiation, some 70 to 80% of all sur
viving cases leading apparently "active, useful lives" (BLOOM, 1979b ). 
The criteria for these assessments were based on general observation 
and enquiry and clearly a more detailed and more precise investigation 
of intellectual capabilities and socio-economic status are needed by 
specially trained personnel. What at first appears to be "an active, 
useful life" with little or no neurological disability may, in fact, 
turn out to be one that is significantly altered by changes in pre
existing intellect and behavior which may not be obvious on general 
examination. 

When all treatment has been completed, regular follow-up and super
vision is necessary to deal with general rehabilitation and any prob
lems that may arise from lost time at school, reduced vision and im
paired physical and mental function, endocrine disturbance and loss 
of scalp hair. It requires considereable team-work and resources to 
provide adequate and comprehensive care for children who have been 
through the disturbing experience of treatment for an intracranial 
tumor. To try and deal with these problems we have set up a Brain 
Tumor Board and also an Endocrine and Growth Clinic consisting of 
medical and paramedical staff representing the relevant disciplines. 

In Conclusion 

Treatment results for intracranial gliomas in children by current meth
ods of conventional surgery and megavoltage radiotherapy, alone or in 
combination, appear to have reached a plateau. The extent of operation 
and of current radiotherapy practice cannot be increased without ad
ditional risks to life and cerebral function. For further progress 
we must try to gain additional tumor control with adjuvant cyto-
toxic agents, render residual radio-resistant tumor tissue more 
vulnerable to irradiation by chemical radiosensitizers, and 
achieve greater biological effects more safely with particle beam 
therapy. Ultimately, such measures in combination may decrease the 
tumor burden to such an extent that the residue can be eradicated by 
immunological maneuvers aimed at enhancing natural host resistance. 
Finally, in our aspiration to achieve greater destruction of the tu
mor we must constantly bear in mind that combination therapy may not 
only exert an enhanced effect on tumor cells, but also on normal tis
sues. We must try and ensure that any significant gain in response 
and survival, especially in young children, is not offset by an in
crease in serious early or late complications. Above all we need to 
define high-risk cases for which more intensive and perhaps more haz
ardous treatment is justified and from which lower risk cases can be 
spared. 

References 

1. Auer, R.N., Rice, G.P.A., Hinton, G.G., Amacher, A.L., Gilbert, 
J.J.: Cerebellar astrocytoma with benign histology and malignant 
clinical course. Case report. J. Neurosurg. ~, 128-132 (1981) 

2. Berry, M.P., Jenkin, R.D.T., Keen, C.W., Nair, B.D., Simpson, 
W.J.: Radiation treatment for medulloblastoma. A 21 year review. 
J. Neurosurg. 55, 43-51 (1981) 

3. Bernell, W.R., Kepes, J.J., Seitz, E.P.: Late malignant recurrence 
of childhood cerebellar astrocytoma: Report of two cases. J. Neu
rosurg. il, 470-474 (1972) 

220 



4. Bloom, H.J.G.: Combined modality treatment for intracranial tumors. 
Cancer }2, 111-120 (1975) 

5. Bloom, H.J.G.: In: Recent result- in cancer research. G. Bonadonna, 
G., Mathe, S.E., Salmon (eds.), Vol. 68, pp. 412-422. Berlin, Hei
delberg, New York: Springer 1979a 

6. Bloom, H.J.G.: Recent concepts in the conservative treatment of 
intracranial tumors in children. Acta Neurochirurgica 50, 103-116 
(1979 b ) 

7. Bloom, H.J.G.: Intracranial tumors: Response and resistance to 
therapeutic endeavors (227 references). Int. J. Radiat. Oncol. 
Bioi. Phys. ~, 1083-1113 (1982 a ) 

8. Bloom, H.J.G.: In: Controversies in pediatric oncology. A.J. Free
man (ed.). New York: Masson Publishing USA Inc., 1982b , in press 

9. Bloo~ H.J.G.: In: Tumors of the central nervous system: Modern 
radiotherapy in multi-disciplinary management. Chang, C.H., House
pian, E.M. (eds.). New York: Masson Publishing 1982 c 

10. Bloom, H.J.G.: Brain gliomas in children. Treatment policy and 
prognosis. In: Childhood cancer: Triumph over tradedy , Vaeth, J.M. 
(ed.), Front. Radiat. Ther. Onc. 1£, 90-104 (1982 ) 

11. Bloom, H.J.G., Budgen, R.D.: In: Progress in radio-oncology. 
Karcher, K.H., Kogelnik, H.D., Reinartz, G. (eds.). New York: 
Raven Press 1982 

12. Bloom H.J.G., Thornton, H., Schweisgutz, 0.: In: Pediatric oncolo
gy. Proceedings 13th Meeting of International Society of Pediatric 
Oncology, Marseilles, September 1981. Raybaud, C., Clement, R., 
Lebreuil, G., Bernard, J.L. (eds.), pp. 309-322. Amsterdam: Ex
cerpta Medica 1982 

13. Bloom, H.J.G., Wallace, E.N.K., Henk, J.M.: The treatment and 
prognosis of medulloblastoma in children: A study of 82 verified 
cases. Am. J. Roentgenol. 105, 43-62 (1969) 

14. Bray, P.F., Carter, S., Taveras, J.M.: Brain stem tumors in 
children. Neurology (Minneap.) ~, 1-7 (1958) 

15. Budka, H.: Partially resected and irradiated cerebellar astro
cytoma of childhood: malignant evolution after 28 years. Acta 
Neurochirurgica 2l, 139-146 (1975) 

16. Castro Vita, H., Salazar, O.M., Cova, M., Rubin, P.: Cerebellar 
medulloblastoma: Spread and failure patterns following irradia
tion (Papers presented at ASTR). Int. J. Radiat. Oncol. Bioi. 
Phys. Suppl. l, 211, 1978 (Abstract 192) 

17. Deutsch, M., Reigel, D.H.: The value of myelography in the manage
ment of childhood medulloblastoma. Cancer i2, 2194-2197 (1980) 

18. Edwards, M.S., Levin, V.A., Wilson, C.B.: Chemotherapy of pediatric 
posterior fossa tumors. Child's Brain 2, 252-260 (1980) 

19. Evans, A.E., Anderson, J., Chang, C., Jenkin, R.D.T., Kramer, S., 
Schoenfeld, D., Wilson, C.: Adjuvant chemotherapy for medullo
blastoma and ependymoma. In: Multidisciplinary Aspects of Brain 
Tumor Therapy. Paoletti, P., Walker, M.D., Butti, G., Knerich, R. 
(eds.), pp. 219-222. Amsterdam: Elsevier-North Holland Biomedical 
Press 1979 

20. Fresh, C.B., Takel, Y., O'Brien, M.S.: Cerebellar glioblastoma in 
childhood. Case report. J. Neurosurg. i2, 705-708 (1976) 

21. Geissenger, J.D., BUCy, P.S.: Astrocytoma of the cerebellum in 
children: long term study. Arch. Neurol. ~, 125-135 (1971) 

221 



22. Gjerris, F., Harmsen, A., Klinken, L., Reske-Nielsen, E.: Inci
dence and long-term survival of children with intracranial tumors 
treated in Denmark 1935 - 1959. Brit. J. Cancer ~, 442-451 (1978) 

23. Gjerris, F., Klinken, L.: Long term prognosis in children with 
benign cerebellar astrocytoma. J. Neurosurg. i1, 179-184 (1978) 

24. Greenberger, J.S., Cassady, J.R., Levene, H.B.: Radiation therapy 
of thalamic, midbrain and brain stem gliomas. Radiology 122, 463-
468 (1977) 

25. Griffin, T.W., Beaufait, D., Blasko, J.C.: Cystic cerebellar astro
cytoma in childhood. Cancer ii, 276-280 (1979) 

26. Gullotta, F.: In: Multidisciplinary aspects of brain tumor therapy. 
Paoletti, P., Walker, M.D., Butti, G., Knerich, R. (eds.), pp. 69-
76. Amsterdam: Elsevier-North Holland Biomedical Press 1979 

27. Hardy, D.G., Hope-Stone, H.F., McKenzie, C.G., Sholtz, C.L.: Re
currence of medulloblastoma after homogeneous field radiotherapy. 
J. Neurosurg. i1, 434-440 (1978) 

28. Harisiadis, L., Chang, C.H.: Medulloblastoma in children: A cor
relation between staging and results of treatment. Int. J. Radiat. 
Oncol. BioI. Phys. ~, 833-841 (1977) 

29. Heiskanen, 0.: Intracranial tumors of children. Child's Brain 
i, 69-78 (1977) 

30. Hendrick, E.B., Hoffman, H.J., Humphreys, R.P.: Treatment of infra
tentorial gliomas in childhood. In: Gliomas: Current concepts in 
biology, diagnosis and therapy. Hekmatpanah, H., (ed.), pp. 102-
106. Berlin, Heidelberg, New York: Springer 1975 

31. Hoffman, H.J., Becker, L., Craven, M.A.: A clinically and patho
logically distinct group of benign brain stem gliomas. Neurosurgery 
2, 243-248 (1980) 

32. Hooper, R.: Intracranial tumors in children. Child's Brain 1, 136-
140 (1975) 

33. Hope-Stone, H.F.: Results of treatment of medulloblastomas. J. 
Neurosurg. ~, 83-88 (1970) 

34. Jenkin, R.D.T.: Medulloblastoma in childhood: radiation therapy. 
Canad. Med. As s. J. 1 00 , 51 - 5 3 ( 1 96 9 ) 

35. Kepes, J.J., Lewis, R.C., Vergara, G.G.: Cerebellar astrocytoma 
invading the musculature and soft tissues of the neck. Case report. 
J. Neurosurg. ~, 414-418 (1980) 

36. Kim, T.H., Chin, H.W., Pollan, S., Hazel, J.H., Webster, J.H.: 
Radiotherapy of primary brain stem tumors. Int. J. Radiat. Oncol. 
BioI. Phys. ~, 51-57 (1980) 

37. Kleinman, G.M., Schoene, W.C., Walshe, T.M., Richardson, E.P.: 
Malignant transformation in benign cerebellar astrocytoma. Case 
report. J. Neurosurg. i1, 111-118 (1978) 

38. Koos, W.Th., Miller, M.H.: Intracranial Tumors of Infants and 
Children, pp. 9-27. Stuttgart: Thieme 1971 

39. Landberg, T.G., Lindgren, M.L., Cavallin-Stahl, E.K., Svahn Tapper, 
G.O.: Improvement in the radiotherapy of medulloblastoma 1946 -
1975. Cancer i2, 670-678 (1980) 

40. Lassiter, K.R., Alexander, E., Davis, C.H., Kelly, D.L.: Surgical 
treatment of brain stem glioma. J. Neurosurg. ii, 719-725 (1971) 

41. Lassman, L.P., Arjona, V.E.: Pontine gliomas of childhood. Lancet 
l, 913-915 (1967) 

222 



42. Leibel, S.A., Sheline, G.E., Wara, W.M., Boldrey, E.B., Nielson, 
S.L.: The role of radiation therapy in the treatment of astro
cytoma. Cancer }2, 1551-1557 (1975) 

43. McIntosh, N.: Medulloblastoma - a changing prognosis? Arch. Dis. 
Childhood 2!, 200-203 (1979) 

44. Marks, J.E., Adler, S.J.: A comparative study of ependymomas by 
site of origin. Int. J. Radiol. Oncol., Biol. Phys. ~, 37-43 

45. Marsa, G.W., Probert, J.C., Rubinstein, L.J., Bagshaw, M.A.: 
Radiation therapy in the treatment of childhood astrocytic gliomas. 
Cancer 32, 646-655 (1973) 

46. Matson, D.D.: Neurosurgery of Infancy and Childhood, 2nd edition, 
pp. 410-479. Springfield, Ill.: Thomas 1969 

47. Mealey, J., Hall, P.V.: Medulloblastoma in children. Survival 
and treatment. J. Neurosurg. ~, 56-64 (1977) 

48. Mliller, W., Afra, D., Schroeder, R.: Supratentorial recurrences 
of gliomas. Morphological studies in relation to time intervals 
with astrocytoma. Acta Neurochirurg. 22, 75-91 (1977) 

49. Nlichel, B., Anderson, A.P.: Medulloblastoma: Treatment results. 
Acta Radiol. .12,305-311 (1978) 

50. Panitch, H.A., Berg, B.O.: Brain stem tumors of childhood and 
adolescence. Amer. J. Dis. Child. ~, 465-472 (1970) 

51. Pearson, D.: In: Modern radiotherapy and oncology: Malignant 
diseases in children. Deeley, T.J. (ed.), pp. 98-119. London: 
Butterworths 1974 

52. Riehm, H., Neidhardt, M.K., Janka, G.: Aktuelle Neuropadiatrie 2, 
Neuropediatrics Supplement, pp. 80-85. Stuttgart: Hippokrates
Verlag 1981 

53. Salazar, I.M., Rubin, P., Bassano, D., Marcial, V.A.: Improved 
survival of patients with intracranial ependymoma by irradiation: 
Dose selection and field extension. Cancer ~, 1563-1573 (1975) 

54. Schweisgutz, 0.: Tumours Solides de l'Enfant, pp. 191-208. Paris: 
Flammarion Medicine-Sciences 1979 

55. Scott, R.M., Ballantine, H.T.: Cerebellar astrocytoma: malignant 
recurrence after prolonged postoperative survival. Case report. 
J. Neurosurg. ~, 777-779 (1973) 

56. Shapiro, K., Shulman, K.: Spinal cord seeding from cerebellar 
astrocytomas. Child's Brain~, 177-186 (1976) 

57. Sheline, G.E.: Radiation therapy of tumors of the central nervous 
system in childhood. Cancer }2, 957-964 (1975) 

58. Sheline, G.E.: Radiation therapy of brain tumors. Cancer~, 873-
881 (1977) 

59. Smith, C.E., Long, O.M., Jones, T.K., Levitt, S.H.: Medulloblastoma: 
an analysis of time-dose relationships and recurrence patterns. 
Cancer 32, 722-728 (1973) 

60. Villani, R., Gaina, S.M., Tomei, G.: Follow-up study of brain stem 
tumors in children. Child's Brain 1, 126-135 (1975) 

61. Whyte, T.R., Colby, M.Y., Layton, D.O.: Radiation therapy of brain 
stem tumors. Radiology~, 413-416 (1969) 

223 



100 

90 

fii!. 
BO 

OJ 70 
> ;;: 60 ... 
:> ., 

50 .. 
:0 40 
.!3 
OJ 30 :::: 
..J 20 

10 

0 
5 

Supratentorial (192) 
52 % 52 "!. 

32 ",;;~-..-.... ---
2B "!. 28 % 

lnCratentorlal (267) 

10 
Years 

15 20 

Fig. 1. Royal Marsden Hospital (1952 - 76). Supratentorial and infra
tentorial tumors (459 children) 

100 

90 

80 

eO 70 

'" ~ 60 ;: 
" ., 

50 
:c 
!:; 40 

:3 30 

20 

10 

Tota I ( 1111) 

5 

32 % 

10 
Year 

26 "{, 26 % 

15 20 

Fig. 2. Royal Marsden Hospital (1952 - 76). Medulloblastoma 11 8/135 
children completing radiotherapy 

224 



100 

90 

b" 80 

co 70 
> .;;: 

60 .... 
::J ., 
... 50 
:0 40 !! 
~ 30 
:J 

20 

10 

Adj. Chemotherapy (40 Patlents) 
(1970-81) 

70 % 
65 % 

25 % 
o Chemotherapy (87 Patients cornpleting RT.) 

(1952-70) 

2 3 4 
Years 

5 6 7 8 

Fig. 3. Royal Marsden Hospital. Medulloblastoma in children «16) 
+ adjuvant chemotherapy (1952 - 1970) 

100 

90 

80 

70 

&'! 60 

O! 
·S 50 .. 
" fIl 

40 
42 % (7) 

30 

20 

10 

p =0. 056 

O~---r---r---.----.-~ 

2 3 4 5 
Survival time (years) 

Fig. 4. SIOP study medulloblastoma by treatment 

225 



100 100 

90 
90 ~ 80 .. 
80 . ~ 70 

.... 58% 58 \{, 58% ;:J 60 
'" 

70 .. 50 :0 

!II! 
60 

il 40 60~ (7) ~ 
J 30 .. 

> 
50 ;: .. 

" 

20 

10 
(J) 

40 0 
5 10 15 

30 Years 

20 

10 
p =0.0036 

0 

2 3 4 5 
Survival lime (years) 

Fig. 5. Le ft: SlOP study medulloblastoma brain stem invo l ved 

Fig . 6. Ri ght: Royal Marsden Hospital (1952 - 76) . Ce rebel lar 
astrocytoma (30 children) (RT not completed in 2) 

100 100 

90 90 

!II! 
80 80 71 % 10-15(7) 

~ 70 • !II! 
-;; 70 

;; 60 68 % 68 "!, > .... 
5 -9 (11) ;: 60 f6 50 

... 
" .. U) 50 

:0 40 
.. 

il 44 % 44 % 44 % :0 
40 37 "l. 

20 

il .. 30 <5 (12) :I ~ 
32 % 32 % 

...J 
20 

10 

0 
5 10 15 

Years 

J 30 

20 

10 

20 

5 10 
Years 

15 

Fig. 7. Le ft: Royal Marsden Hospital (1952 - 76). Ce rebel lar 
astrocytoma in children ; survival by age (30 patients) 

Fig. 8. Ri ght: Royal Marsden Hospi tal. Ependymoma 47 chi ldren 
(1952 - 76) 

226 

20 



100 100 

90 90 

~ 
80 

~ 
80 

'" 70 " 70 
> > 
;,: 60 

;,: 60 .. .. 
iil " 50 4J) 50 .. 38 % 38 % .. 
:i5 40 :i5 40 
'" .. .. 30 ::3 
..J 

20 

" 
~ 
:i 

30 

20 

o Chemotherapy 
(27 Patients) 
(1952 - 70) 

• • 
10 18 % 18 % 10 

Supratentorial (15) 
0 

5 10 15 20 2 3 4 5 6 7 
Years Years 

Fig. 9. Left : Royal Marsden Hospital. Ependymoma in children; survival 
by site (46 patients) 

Fig. 10. Right: Royal Marsden Hospital. Ependymoma in children «16) 
+ adjuvant chemothe rapy (1952 - 1981) 

100 
100 

90 90 

II!! 80 *-
80 

'" 70 '" 70 
.~ > 
> 60 

.; 
60 .. .. 

" " III 50 til 50 Ependymoma (31) ., .. 
38% 38% :i5 40 :i5 40 

~ ~ 

~ 30 ~ 30 23 % 
:i 20 

17 "< 17 ~ 17 % 17 % j 
20 

10 10 17 % 17 % 17 % 17 % 

0 
Brain stem (57) 

0 
5 10 15 20 5 10 15 20 

Years Years 

Fig. 11. Le ft: Royal Marsden Hospital (1952 - 76) Total brain stem 
tumors (57 children) 

Fig. 12. Right : Royal Marsden Hospital (1952 - 76) Infratentorial 
tumors (253 children) 

227 



The Importance of Fixation Supression in the Detection of 
Posterior Fossa Tumors 

B. Hofferberth 1 and H. E. Nau2 

1 Abt. Klinik fUr Neurologie, Psychiatrische und Nervenklinik der Westfalischen 
Wilhelms-Universitat MUnster, Albert-Schweitzer-Strasse 131, D-4400 MUnster 

2 Neurochirurgische Klinik im Universitatsklinikum der Gesamthochschule Essen, 
Hufelandstrasse 55, D-4300 Essen 

Summary 

We investigated 12 children (6 boys, 6 girls, average age 14.6 years) 
operated on for a posterior fossa tumor, by means of EEG, ENG, blink 
reflex and CT. Whereas CT scans show the anatomical situation (tumor, 
defect), the blink reflex can give hints as to the site of disturbances 
in brain stern pathways and ENG of those in cerebello-vestibular ones. 

Introduction 

Disorders of eye movements, especially the occurrence of nystagmus are 
early and typical symptoms of space-occupying lesions in the posterior 
fossa. In healthy subjects physiological vestibular induced nystagmus 
will be suppressed by fixing a target with the eyes. This is called 
fixation suppression of vestibular nystagmus. 

Inhibitory impulses are mediated from the cerebellum to the vestibular 
nuclei via cerebellar-vestibular pathways. In cases of cerebellar and 
brain stern disease the inhibitory impulses to the vestibular nuclei 
disappear causing disturbances of fixation suppression (1, 3, 4). Where
as in healthy persons the visual system dominates the vestibular, in 
cases of disorders in the posterior fossa vestibular phenomena appear 
in spite of fixation because of the disinhibition of the vestibular 
system. 

The clinician can prove fixation suppression by a simple test. This 
test can be quantified by means of electronystagmography (ENG) (l). 

In recent years the pathways and generators of R1 and R2 components 
of the blink reflex could be localized in the pontine and medullary 
brain stern. So it is that the blink reflex can differentiate between 
pontine and medullary disorders in general. A further analysis of re
flex components can give hints about the site and extent of brain stern 
lesions (Fig. 1). 

Material and Methods 

We analysed 50 healthy persons and 12 children and adolescents operated 
on because of posterior fossa tumors in the neurosurgical clinic of 
Essen University, between 1975 and 1981. 
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We examined 6 boys and 6 girls with an average age of 14.6 years at 
the time of investigation. The histology of the underlying lesions was 
cerebellar astrocytoma in six, medulloblastoma in five cases and epen
dymoma in one case. All patients underwent EEG, blink reflex, ENG and 
fixation suppression by the simple test, as well as CT investigation. 

The EEG was recorded with the usual ten-twenty-system using silver 
chloride electrodes. 

Blink reflexes were analysed by means of the EMG. 

Fixation suppression was examined by means of a motor revolving chair. 
The period of sinusoidal movements was 20 sec, the angular velocity 
600 (max.). During two half periods the frequency and the total ampli
tude of the left or right beating nystagmus with eyes open or closed 
were determined. 

Fixation index means the quotient of these values with eyes opened and 
closed. An index "1" means absence of fixation suppression, "0" a com
pletely undisturbed fixation suppression. Besides the large-scale elec
tronystagmographic performance, a simple test on a rotating chair with 
fixing the hands stretched forward was carried out. This test can only 
show whether fixation suppression fixation exists. Quantification is 
not possible by this test. 

Results 

In five out of 12 children we found normal results. A high fixation 
index corresponded with the CT findings of subtotal tumor removal. 
The simple clinical test corresponded in all cases to the ENG. In 
healthy subjects the fixation index never exceeds 0.1. 

With EEG we found in two patients a mild general slowing, in one case 
theta rhythm. In all other cases the EEG was normal corresponding to the 
age of the patient. 

CT demonstrated the state after tumor removal in eight cases, cere
bellar or brain stern tumor after subtotal tumor removal in four cases 
(Table 1, Fig. 2). 

Table 1. Synopsis of patients' data and results of investigations 
FSI, Fixation suppression index (ENG) ; FS, Fixation suppression (simple 
clinical test) 

Name Age Sex CT EEG PSI FS 

B.O. 19 m Tumor Slowing 0.8 + 
B.H. 2 m Tumor Normal ¢ ¢ 
C.M. 21 f Defect Normal 0.2 + 
F.A. 22 f Defect Normal 
G.A. 9 m Defect Normal 
K.S. 20 f Defect Normal 
K.I. 10 f Tumor Slowing 0.5 + 
O.S. 15 f Tumor Slowing 0.8 + 
P.C. 13 m Defect Normal 0.4 + 
R.C. 4 m Defect Normal 
S.J. 13 m Defect Normal 0.3 + 
S.U. 23 f Defect Normal 0.1 
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Discussion 

Whereas the blink reflex and other usual neurophysiological investigations 
can give hints about location in cases of posterior fossa lesions, we 
want to stress the role of fixation suppression as a neurophysiological 
method in brain stem diagnosis as well as a simple test in the rotating 
chair for detection of lesions in the cerebellar-vestibular pathways. 

The results of the large-scale ENG test and the simple rotating test 
in a chair corresponded very well. 

Therefore pathological findings should be the indication for further 
clinical investigations and investigations with apparatus. 
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Fig. 1. Blink reflex: O.S., 15-year-old, female. Astrocytoma in the 
right cerebello-pontine angle and brain stern. On the right side is 
no R1-component 
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Fig. 2. ENG: examination of fixation suppression with eyes open 
(narrow) and fixing a target during sinusoidal movement. Upper trace 
normal fixation suppression, lower trace disturbed fixation suppres
sion. O.S., 15-ye ar-old, female 
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Summary 

The blink reflex was examined in six children with brain stem tumors. 

In only two children could the blink reflex be proved before and af
ter an operation on a brain stem tumor. 

Thus, it became possible to estimate the extent of the lesion before 
and after the operation. 

The neurological state was compared with the neuroradiological and 
blink reflex examinations. In this way the great value of the blink 
reflex could be seen. 

Introduction 

Painful examinations such as cerebral arteriography or ventriculo
graphy, are often indispensable for localizing a brain stem tumor 
precisely. 

In many cases it is necessary to perform these diagnostic procedures 
under general anesthesia, especially in children who generally cannot 
cooperate. This means additional stress for the patients. 

Compared with computed tomography, the blink reflex examination is 
relatively uncomplicated and can be easily performed even in children. 
It also provides enough information on the functional state of the 
brain stem and of the trigeminal and facial nerves (1, 6, 10). Further
more it can be easily repeated so that it becomes possible-ro follow 
the progress of the lesion in children with a brain stem tumor. Thus, 
the blink reflex seems to be a most convenient method for localizing 
lesions in this area. 

Patients and Methods 

In six children with a brain stem tumor, blink reflex examinations 
were performed in addition to neurological examination, computed tomo
graphy, cerebral arteriography and ventriculography. In two of these 
children the blink reflex was recorded before and after resection of 
the tumor. The blink reflex examination was performed as described by 
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KUGELBERG (1953) (10) and others (1, 6, 13, 15, 16). After electric 
stimulation of the-Supraorbital nerve-on-one-Sid~ it is possible to 
register responses from the orbicularis oculi muscles on both sides. 
In healthy subjects one early component R1 (ipsilateral) and two 
late components, R2 (ipsilateral) and R2x (contralateral) can be re
corded (Fig. 1). 

A recording of the blink reflex in a healthy subject is given in Fig. 1. 
Measurements were referred to normal data established in our own lab
oratory where the latencies of the R1 component according to experi
mental studies are ascribed to its transmission via the pons and via 
the medulla oblongata (1, 5-7, 10, 11, 14). The latencies of the R1 
and R2-components after-ipsilateral-Stimulation were 10.9 + 9 ms and 
33.9 ~ 4.2 respectively. The latency of the R2x component (contra
lateral) to the stimulus was 33.8 + 5.5 

Results 

In all six children, a pathological blink reflex was recorded. In two 
of them, the first component R1 was lost ipsilateral to the tumor, 
while the other two responses (R2' R2x) were normal; confirming the 
neuroradiological localization of the tumor in the pons area. After 
stimulation of the supraorbital nerve on the opposite side all compo
nents appeared normal. This indicated normal function of the brain 
stern on this side. 

In three other children, the latencies of the R1 and R2 response were 
delayed on the side of the tumor, as also was the R2x component after 
contralateral stimulation, confirming lesions involving both pons and 
medulla oblongata (Fig. 2). 

In one case, where the lesion was found to be in the medulla oblongata, 
the late response R2 appeared delayed and reduced in amplitude after 
stimulation of both sides, while the other two responses were normal. 

In two children, whose blink reflex was examined after the operation, 
the responses were found even more delayed and reduced in amplitude, 
compared to the pre-operative state. In all children, the neuroradio
logical examinations confirmed the diagnosis but did not distinctly 
define the extent of the lesion. 

Discussion 

As already reported by many authors in various studies, it is possible 
to localize peripheral lesions of the trigeminal and facial nerves as 
well as lesions in the brain stern area by means of the blink reflex 
examination (1, 3-14, ~). 

As shown in our patients, it was possible to localize lesions of the 
pons and of the medulla oblongata caused by brain stern tumors in chil
dren and the extent of the lesion could not be defined so well by means 
of cranial computed tomography or cerebral arteriography (~, ~, 12). 

Brain stern lesions seem to be the ideal situation for using the blink 
reflex examination. The blink reflex offers the further advantage of 
being repeatable without complication and stress to the patients. 
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R, Stimulation of the right supraorbital nerve; L, Stimulation of 
the left supraorbital nerve; R, Recording of the right orbicularis 
oculi; L, Recording of the left orbicularis oculi 
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Early Auditory Evoked Potentials (EAEP) in Neurosurgery -
A New Method for Diagnosis and Localization of Posterior Fossa 
Tumors in Childhood 

K. Maurer\ M. Rochel 2, P Gutjahr2, and D. Voth3 

1 Psychiatrische Klinik, Klinikum der Johannes-Gutenberg-Universitat Mainz, Langenbeckstrasse 1, 
D-6500 Mainz 
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D-6500 Mainz 

3 Abteilung fOr Neurochirurgie, Klinikum der Johannes-Gutenberg-Universitat Mainz, 
Langenbeckstrasse 1, D-6500 Mainz 

Introduction 

Auditory stimuli of suprathreshold intensity (above 60 dBHL) evoke 
about 15 waves: an early series (EAEP) during the initial 10 milli
seconds (ms), a middle latency sequence (8 to 50 ms) and the longer 
latency cortical potentials (50 - 300 ms). PICTON et al. (1974) made 
a survey of all three potential groups. Only the EAEP (waves I to IV) 
are generated in the infratentorial part of the brain and reflect pro
gressive activation of the auditory tracts and nuclei (Fig. 1): Wave I 
is assumed to originate at the distal part of the acoustic nerve, wave 
II in the medulla, wave III in the caudal and wave IV in the rostral 
pons and wave V in the midbrain (STARR and ACHOR, 1975; STOCKARD and 
ROSSITER, 1977; MAURER et al., 1979). 

Age is one of the most important factors affecting latency and ampli
tude of the EAEP (HECOX and GALAMBOS, 1974). In the present study, 
therefore, control values were obtained in three age groups: newborn 
(birth to 4 weeks), infants (4 weeks to 3 years) and children (3 years 
to adulthood). Seventeen children with posterior fossa tumors were 
then investigated. Abnormalities of the waves I to V could be corre
lated with the extent and location of the neoplastic lesions. 

Methods 

The methods applied have been already published elsewhere (MAU~ER et 
al., 1980). The patients were examined in the supine position. Skin 
electrodes were applied to the vertex (C z ) and the mastoid ipsilateral 
to the stimulated ear. The inter-electrode impedances were kept below 
1500 ohms. As stimulus we used electrically a sine half wave (duration 
250 ~s); the acoustic result at the earphone was a tone-pip with a 
duration of about 1 ms. The acoustic waveform and EAEP recorded from 
a ten-year-old boy are shown in Fig. 2. The stimuli were presented 
monaurally by Beyer DT 48 earphones at a randomized rate of 10 per 
second and an intensity of 70 and 80 d BHL (decibels above the hearing 
threshold for normals). Masking white noise was presented to the con
tralateral ear. The amplified and filtered EEG-signal (bandpass of the 
system: 300 - 3200 Hz) recorded in the first 20 ms after stimulation 
was summated with a signal averager (1024 sampling points). According 
to the earlier reports (MAURER et al., 1980) latencies were measured 
between the start of the sine-wave and the upward positive peak of 
each wave; the interpeak conduction times were determined between the 
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different peaks. Amplitudes were measured from peak to troughs and 
vice versa. A latency delay or an amplitude reduction by more than 
2.5 standard deviations was considered to be significant. There were 
at least two runs for each ear and intensity and only congruent com
ponents were accepted for evaluation. An automatic artifact rejection 
monitored the output of the amplifier continuously and averaging was 
not performed, when the signal was contaminated with muscle activity 
and artifacts. An otoscopy was done in all newborn and puretone audio
metry in cooperative children. 

Results 

1. Normal values in newborn, infants and adults. 
At birth the latencies are prolonged and the amplitudes reduces 
(Table 1). To determine the maturational changes,at least five in
fants in the period between 6 months and 3 years were measured. 
The adult values were obtained from 50 adult subjects. Fig. 3 shows 
the decrease of latencies of waves II, III and V in the first three 
years of life. 

2. Wave abnormalities in children with brain stem tumors. 
There were seven children with medulloblastoma, five with a cere
bellar astrocytoma and five patients with a brain stem tumor. Two 
cases with a ponto-mesencephalic lesion will be described in more 
detail. The first case was a 15-year-old girl complaining of dys
arthria, diplopia and a bilateral hearing loss of varying inten
sity. Neurological examination revealed horizontal eye movement 
paresis as a sign of a pontine lesion. The computerized tomography 
rCT) showed a tumor in the pons. EAEP are shown in Fig. 4 in a 
child of the same age with normal brain stem function (upper trace) 
and in the patient with the pontine tumor (lower trace). %'aves 1 
and II are normal, waves III and IV reduced in amplitude. It was 
not possible to record a reliable wave V. The EAEP indicated a 
ponto-mesencephalic lesion. 

The second case was a four-year-old boy with a pontine tumor. He com
plained of diplopia. Neurological examination showed a paresis of the 
sixth cranial nerve and a right sided hemiparesis. Further symptoms 
such as dysarthria and unsteadiness in walking were suggestive of an 
infratentorial lesion. 

Table 1. Latencies (ms) , interwave latencies (ms) and amplitudes (nV) 
obtained in 12 newborn 

Absolute latencies Interwave latencies Amplitudes 

Wave Mean SD Wave Mean SD Wave Mean SD 

I 1 .85 0.26 I-II 1.1 0.25 I 120 50 
(pct) 

II 2.95 0.22 I-III 2.8 0.26 II 64 45 

III 4.65 0.28 I-IV 4.0 0.28 III 235 45 

IV 5.85 0.38 I-V 5.15 0.21 IV 75 30 

V 7.00 0.26 II-V 4.05 0.22 V 160 55 
(CCT) 
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EAEP were indicative of a midbrain lesion (Fig. 5). By stimulating the 
right ear (upper part) waves I to IV were normal, wave V was definitely 
delayed with a latency of 6.46 ms (normal: 5.6 ms); the I-V interwave 
latency was prolonged (4.85 ms; normal 4.15 ms). The left ear (lower 
part) showed a late wave I (2.2 ms) caused by a conductive hearing 
loss. The interwave latencies, however, still allowed a diagnosis in 
the central part of the brain stern; the I-V conduction time was 4.7 ms 
and showed a delay similar to that on the opposite side. This delay 
was caused by a late wave V. 

Conclusion 

The first description of wave alterations of EAEP in neuro-otological 
disorders (SOHMER et al., 1974) and a report concerning mainly matura
tional changes of waves I to V (HECOX and GALAMBOS, 1974) appeared at 
the same time. There are few reports about wave abnormalities caused 
by space-occupying lesions in the posterior fossa (MAURER and ROCHEL, 
1982) . 

For evaluations of brain stern function interwave latencies are of 
higher significance since they allow a localisation in the presence 
of a hearing disturbance (Fig. 5). This is of special importance in 
children with middle ear disease combined with a conductive hearing 
loss. The peripheral conduction time (pct) , i.e. the interwave latency 
between I and II allows a diagnosis of tumors in the cerebello-pontine 
angle. The central conduction time (cct) , i.e. the interwave latency 
between II and V is able to test the dorsolateral part of the brain 
stern. 

There are minor differences between the pct in newborn and adults, 
whereas the cct is significantly longer at birth. This confirms a 
nearly complete maturation of the inner ear in the newborn. It is 
more likely to be in the brain stern, rather than in the cochlea it
self, that changes occur which lead to a decrease in latency of brain 
stern potentials. 

It was possible to correlate abnormalities of waves II to V with well 
defined neurological defects in the brain stern. Waves II and III were 
altered in medullo-pontine and waves IV and V in ponto-mesencephalic 
lesions. Besides the brain stern level the side of the lesion, i.e. left 
or right side of the dorsolateral part of the brain stern is indicated. 
Strictly unilateral wave abnormalities prove the generation of waves II 
to V at different levels of the auditory pathway of only one side. Bi
lateral abnormalities at the same or different levels may be caused by 
a large tumor which crosses the midline. 

In most of the patients the tumor was confirmed by computerized tomo
graphy. There are, however, a few cases with a normal CT in presence 
of a brain stern tumor indicating, that EAEP are able to detect clin
ically "silent" lesions. This may facilitate an early diagnosis in 
juvenile posterior fossa tumors. 

In a few cases with a midbrain syndrome, i.e. compression of the in
ferior colliculi in the tentorial hiatus, wave V was singularly af
fected, whereas impulse conduction remained normal from the cochlea 
to the rostral pons. This can be interpreted as a further indication 
of a genesis of wave V in the midbrain and different generator loci 
of waves IV and V. 
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In summary, EAEP are a non-invasive test of high reliability, which 
allow one to diagnose functional disturbances in the cerebello-pontine 
angle and in the dorsolateral part of the brain stem where the auditory 
pathway has its nuclei and fiber systems. The test is recommended in 
children suspected of having a tumor in the posterior fossa. 
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Corpus gen icul. med. 

Fig. 1. Schematic drawing of the brain stem and the course of the 
auditory pathway. Roman numerals indicate the assumed generator sites 
of EAEP 
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Fig. 3. Latencies of waves I, III and V as a function of age. Vertical 
bars indicate mean and standard deviations (SD). The column contain 
values at birth (n = 12). In the period between 6 and 30 months at 
least nine infants were tested. The adult values were obtained in 50 
persons. Age in the figure means gestational age 

...c 
Fig. 2. Early auditory evoked potentia~s (upper part): The wave of the 
acoustic nerve (I) I waves from the braln stem (II to V) and supraten
torial waves (VI and VII) in a normal child. Calibration 200 nanovolts. 
Lower part: Acoustic waveform of the stimulus as produced by a Beyer 
DT 48 earphone 
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Fig . 4 . Upper trace: EAEP in a normal child. Lower trace : EAEP in a 
pontine tumor. Calibration 200 nV . Time scale in milliseconds 

Fig . 5. Upper part : EAEP from the right ear; wave V was d e layed 
(6.46 illS) , the I-V interwave latency prolonged (4.85 ms). Low e r par t : 
EAEP from the left ear; the conductive he aring loss produced a late 
wave I (2.2 ms) ; the I-V interwave latency was prolonged (4 . 7 ms). 
Calibration 200 nV. Time both in milliseconds 
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Diagnostic Methods, Length of History and Survival Rate of 
Brain Tumor Patients in Childhood Before and After the 
Introduction of CT 

J. Halldack, C. Raasen, and W Havers 
Neurochirurgische Kinderklinik, Universitatsklinikum der Gesamthochschule Essen, 
Hufelandstrasse 55, 0-4300 Essen 1 

Introduction 

Cranial computerized axial tomography (CT) is a method of investiga
tion, that has proved its usefulness in a short period of time. Its 
reliability and the relatively slow invasiveness for the patient were 
probably the cause, in spite of the high cost. With its help many pa
tients should be spared other more invasive methods of investigation. 

With this new diagnostic method the question is whether the prognosis 
could be improved and most of all, if the period, until the diagnosis 
is reached, could be shortened. The latter, at least, seemed a possibi
lity. 

Material 

Included in the study were all patients, that were admitted to the De
partment of Pediatrics of the University-Hospital Essen from 1967 -
1981 because of brain tumor. 

The time until the diagnosis was established was taken from the pa
tients records, while the time of survival was obtained from the rec
ords as well as through information from the registration office. The 
computerized axial tomography was introduced in the Essen Clinic in 
1976. That is why group I in the study includes patients from the 
year 1967 - 75, while group II includes those from 1976 - 81. 

The average was about ten patients a year. 

Results 

The total number of patients was 146 (see Table 1) group I included 
97 patients, 49 of whom had a tumor of the posterior cranial fossa. 
Group II included 49 patients, of whom 27 had posterior cranial fossa 
tumors. 

In group I, the histories of 88 patients could be assessed to determine 
the time before the diagnosis was established. The average was 8.4 
months for the whole group, while for patients with posterior cranial 
fossa tumors it was only 4.5 months. 
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Table 1. General detail about the patients 
---------- -

All Tumors of Other 
posterior fossa locations 

Group I 97 49 48 

Group II 49 27 22 
-----

Totals 146 76 70 
._---------

In group II, this time interval before reaching the diagnosis averaged 
8.3 months, for the whole group. Calculating it for those patients 
with posterior fossa tumors the mean was 3.7 months. 

In both groups, that period ranged between a few days and several 
years (Fig. 1). 

Figure 1 makes it clear, that computerized tomography did not influ
ence the time before diagnosis, since both groups showed nearly identi
cal values. 

In patients of group II who had posterior fossa tumors, this time was 
only shorter by 0.8 months. 

The time of survival of the patients was analysed according to the 
method suggested by S.I. CUTTLER and F. EDERER. 

It was obvious by analysing both groups, that there was no statistical
ly significant difference at any time during the period of observation. 
Although this period of observation was longer for patients in group I, 
it is quite clear that after the sixth year no great changes were to 
be expected. 

At the end of the respective periods of observation, 36% of group I 
patients and 32% of group II patients were surviving (Fig. 3). 

In Fig. 3 the time of survival of patients with posterior fossa tumors 
in both groups, does not show any relevant difference during the first 
four years of the period of observation. 

In the fifth and sixth years of observation, the life-table analysis 
has no relevance for group II patients, since only 2 of them were ob
served for so long because for those patients from years 1976 - 1981 
31/12/81 was chosen as a dead-line to end the study. Of this group of 
patients 33% and 38% respectively survived. 

Summary 

The patients were divided into two groups as the only criterion whether 
the diagnosis was achieved with or without the CT scan, not taking in
to consideration the different treatment used or the different results 
of histological examinations. 

Thus the question if using that new diagnostic method we can reach our 
final diagnosis earlier, or if the prognosis of these patients can be 
improved by it, can be clearly answered by: No! 

Neither the time between the appearance of the first symptoms and 
reaching the final diagnosis can be shortened, nor can the period of 
survival be increased. 
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A new diagnostic method cannot shorten the prediagnostic period and 
only helps those, who take the necessary steps to find the diagnosis. 
It was expected, that the prognosis would improve after introducing 
the CT, but the fact that the prognosis of the second group has not 
improved compared to the first, is not satisfactory. It means 15 years 
without any progress. 

8 

",5 
.J::. 

C o 
e L 

2 

o 
without with CT 

Fig. 1. Time which passed before reaching the diagnosis in both groups 
in general and selectively for patients with posterior fossa tumors 

., 
I 

o I 2 3 L 5 5 7 8 9 10 11 12 13 lL 15 
yeors 

Fig. 2. Curve I shows time of survival of patients before introducing 
CT, Curve II after introducing CT 
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o 1 2 3 L 5 6 7 8 9 10 11 12 13 lL 15 
yeors 

Fig. 3. Time of survival of patients with posterior fossa tumors 
before (I) introducing CT and after (II) 
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Internal Shunt or Peri-Operative Pressure-Controlled Ventricular-Fluid 
Drainage (C-VFD) in Children and Juveniles with Infratentorial Tumors 

K. E. Richard, R. Heller, and R.A. Frowein 
Neurochirurgische Universitatsklinik K61n, Joseph·Stelzmann·Strasse 25 
D-5300 Bonn-Venusberg 

In the last two decades opinions have varied concerning the technique 
of prophylaxis of postoperative disturbances of CSF circulation in pa
tients with infratentorial tumors. The advocates of temporary peri
operative external ventricular fluid drainage (C-VFD) (1, 8, 9, 11-13, 
15, 17) are opposed to those authors who demand the preoperatIve-rrn=
plantation of an internal shunt system (1-3, ~, ~, ~). 

Recently ALBRIGHT (2) pointed out that so far there have been no in
vestigations regardIng the question whether C-VFD or internal shunt 
is the better method of treatment. 

Material 

From 1973 - 1981 we treated 91 children and juveniles with an infra
tentorial space-occupying lesion. There were 32 patients with an astro
cytoma, 23 with a medulloblastoma, five with cystic lesions, five with 
neurinomas and 24 with brain stem tumors of unknown histological di
agnosis_ 

Twenty patients remained without C-VFD or internal shunt, 36 patients 
had a C-VFD, either before, after or during the operation. In the 
latter cases the ventricular fluid pressure (VFP) was monitored sim
ultaneously. 

In 35 patients an internal shunt was inserted either pre- or post
operatively. 

Results 

Survival, mortality rates and frequency of complications were compared 
(Table 1) in the three treatment groups - i.e., patients with neither 
drainage nor shunt, patients with C-VFD and patients with internal 
shunt_ 

In the first group of patients without drainage or shunt the post
operative or intra-operative mortalit y 1 rate was strikingly high: 
55%. By contrast, mortality in patients with a C-VFD was 6%, in pa-

1 Mortality, fatal outcome during stay in hospital 
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tients with an internal shunt 34%. The relatively high mortality rate 
of the third group is due to the high proportion of inoperable brain 
stem lesions with a post-operative mortality rate of 57%. 

Ten out of 11 patients of the first group died in the early post-oper
ative period in the first week, frequently after an acute respiratory 
paralysis, or even intra-operatively (four patients) (Table 2). 

In the first group five out of six patients with cystic brain tumors 
survived without complications, but only three of eight patients with 
solid tumors in the fourth ventricle (Table 2). 

The few children with tumors in the cerebello-pontine angle and in the 
brain stem who received no drainage all died post-operatively (Table 2). 

Continuous VFP-monitoring showed acute pressure increases both pre
operatively, during induction of anesthesia, and in the early post
operative period of the first week, if C-VFD was interrupted, especial
ly in cases with difficulties in respiration (Fig. 1). 

In one patient, there were also long periods of B-waves after implan
tation of a ventriculo-atrial shunt system which pointed to a mal
function of the system. 

With C-VFD the postoperative course was more frequently free of compli
cations than in patients with an internal shunt (Table 1). Two of the 
externally drained patients developed a CSF fistula at the site of 
operation and therefore the insertion of an internal shunt was neces
sary. A fistula which continued in spite of the internal shunt only 
closed after lumbar drainage for several days with drastic lowering 
of VFP down to negative pressure values. 

All patients of group 2 received antibiotic prophylaxis with chlor
amphenicol. Infections of the CSF pathways were seen in two out of 
34 (6%) of the patients with C-VFD (Table 3). In both cases of infection, 
the duration of drainage was more than 14 days. 

Table 2. Prognosis of infratentorial tumors in children and juveniles 
without external drainage or an internal shunt (group I): Survivors; 
Deaths; "Sudden Death" = term used by H. CUSHING in 1930/31. It means 
acute deterioration with fatal outcome in the early postoperative 
period 

No drainage / No shunt 

Site of tumor Number 

Hemisphere 6 
(Cyst. tumor) (4) 

Vermis 9 

4th Ventricle 3 

Cerebello-pon-
tine angle 

Brain stem 2 

Total 20 

t 

5 
( 4) 

3 

9 

5 

2 

2 

11 

"Sudden 
death" 

1 ) 

4) 

2) 

1 ) 

2) 

(10) 
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Table 3. CSF infection / sepsis 

No. Infection Pleocytosis Duration of 
(No. of (No. of drainage 
patients) patients) ldays) 

External drainage > 300/3 x mx 

pre-operative 5 2 2.8 4 
post-operative 10 4 4.8 8 
peri-operative 19 2 5 8.4 25 

Total 34 2 (6%) 1 1 (35% ) 6.7 25 

Internal shunt Manifestation 
(post-operative day) 

pre-operative 9 1 21 
post-operative 8 3 10, 13, 300 
brain stern 6 1 4 1 

Total 23 5 (22%) 4 (19% ) 

There was also a relation between the duration of drainage and the 
frequency of CSF-pleocytosis (Table 3). After insertion of an internal 
shunt, CSF infection or sepsis developed in 22% of the patients. This 
necessitated a removal of the shunt system, most frequently in cases 
where the system had been inserted postoperatively (Tables 1 and 3). 
In all these five patients there had been an earlier ventriculography 
with positive contrast medium. In only two out of five cases antibiotic 
protection had been given after examination. 

After implantation of an internal shunt, a CSF hypotension syndrome 
developed in 35%, accompanied by headache and vomiting. With C-VFD 
this syndrome did not occur. 

The effects of CSF hypotension were tumor hemorrhages immediately af
ter shunt implantation in two patients, and development of uni- or 
bilateral hygromas or hematomas in six patients (26%). The treatment 
used was temporary closing of the internal shunt with simultaneous ex
ternal drainage of the subdural fluid accumulation. VFP was monitored 
until reformation of the collapsed brain mantle. 

In a three-year-old boy, large subdural abscesses (bitemporo-occipital) 
with thick membranes had to be removed surgically 20 months after re
section of a cerebellar astrocytoma (Fig. 2). 

In three children, the ventricles collapsed with the consequence of 
life-threatening dysfunction of the internal shunt. 

The remaining complications consisted of obstructions or dislocations 
of the internal shunts in four patients, and postoperative hemorrhage 
in two patients. The latter was detected quite early in one case by 
the VFP-monitoring. 

comment 

There is a basic agreement in modern literature that an infratentorial 
space-occupying lesion should not be operated on without preliminary 
correction of raised VFP and that postoperative VFP increases as a 
result of disturbances of CSF resorption have to be prevented. 
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For this purpose selected methods of a temporary C-VFD or internal 
shunts each have their specific advantages, and also their risks 
which should not be overlooked. 

The temporary C-VFD offers the possibility of continuous peri-opera
tive VFP-monitoring (11-13). An obstruction of the drainage system 
can be detected early on by the increase in intracranial pressure. 

After the return of the CSF circulation to normal the C-VFD can gen
erally be removed between the third and the seventh post-operative 
day (.1l., ..11.). 

This method carries a risk of infection of between 2% and 10% (8, 9, 
11,12,15,16,18). Complications such as "upward herniation" (6,-10) 
or tumor~leeding-(17) as a result of an abrupt lowering of the VFP-
are probably avoidable by C-VFD. This occurred in two patients after 
insertion of an internal shunt. 

The internal shunt has the advantage of quick mobilisation of the pa
tient. Specific dangers include the CSF hypotension syndrome (4, 10) 
with collapse of the ventricles and development of subdural hygromas 
or subdural hematomas (10), which have to be operated on. None of the 
systems used nowadays offers sufficient protection against this compli
cation (4), which amounts to 8% in RAIMONDI's large material (10). As 
a cause of the high infection rate in our patients with internal shunts, 
in all of these one has to consider the preceding ventriculography with 
positive contrast medium without sufficient antibiotic protection. The 
percentages given by other authors range from 2 to 11% (1, 13) and are 
therefore no lower than in patients with C-VFD. - --

With such a low incidence of complications and with the possibility 
of simultaneous pressure regulation, a C-VFD is therefore pref
erable. In the choice of the various drainage methods, the type 
and the position of the space-occupying lesion can be decisive. C-VFD 
is suitable for solid, removable lesions of the cerebellum and the 
vermis, requiring a period of drainage of no more than seven days. 
With cystic lesions, no drainage is generally required. 

The implantation of an internal shunt system is indicated in the fol
lowing cases: inoperable tumors of the brain stem with hydrocephalus; 
only partially removable tumors of the fourth ventricle and cerebello
pontine angle; rare cases of continued disturbance of CSF circulation 
after operations on tumors of the cerebellum or brain stem. 
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Schedule of Treatment for Pineal Tumors in Children 

H. E. Clar\ M. Bamberg2, and H. C. Nahser1 

1 Neurochirurgische Klinik und Poliklinik, Universitatsklinikum der Gesamthochschule Essen, 
Hufelandstrasse 55, 0-4300 Essen 1 

2 Radiologische Klinik, Universitatsklinikum der Gesamthochschule Essen, Hufelandstrasse 55, 
0-4300 Essen 1 

Tumors of the pineal region are rare and histological diagnosis is 
seldom possible because of their deep midline location. A wide va
riety of different tumors can occur in the pineal region. The most 
common groups are those of germ cell origin, germinomas and teratomas. 
The germinoma (pinealoma) accounts for over 50% of all pineal neo
plasms and is regarded as highly radiosensitive (8). Since the results 
of operative treatment are not adequate, we established a technique 
of a surgical approach combined with high voltage irradiation (1). 

Patients and Methods 

Out of a total of 31 patients with tumors we have reviewed the records 
of 15 children in the pineal region treated in our clinic from 1972 to 
1982. There were 14 males and one female ranging in age from 3 to 18 
years. All patients have a minimum follow-up period of three years. 

Clinical and endocrinological disorders correlated closely with the 
location of the tumors in the pineal area or with extension into the 
hypothalamic region according to KAGIYAMA (Fig. 1). Most patients com
plained of headache and vomiting due to increased intracranial pres
sure. Ocular manifestations such as diplopia, paralysis of upward gaze 
and papilledema were frequent. Diabetes insipidus was observed in 3 of 
15 patients. 

Endocrinological disturbances were seen in 11 of 13 cases investigated 
before and after combined treatment (Table 1). In these patients the 
hypofunction of the somatotrophic axis was predominant. Total loss of 
hypothalamic-hypophyseal function existed in two cases and partial de
fects were found in two other children. 

The endocrinological dysfunctions seem to be of hypothalamic origin, 
because in most cases a response of the pituitary gland could be ob
served after injection of releasing factors. Isolated defects of so
matotrophic function were mainly found in cases of type 1 (KAGIYAMA), 
whereas pineal tumors of type 2 and 3 regularly show disturbances of 
more endocrine axes including diabetes insipidus. Only the latter need 
substitution of lacking hormones. 

The clinical diagnosis was confirmed by roentgenographic contrast 
studies (including encephalotomograms, arteriograms and, more recent
ly, computerized tomographic scans). The histological diagnosis was 
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verified in two patients who underwent partial tumor excision. Both 
pineal neoplasms were germinomas. The cerebrospinal fluid was examined 
in 12 patients and showed malignant cells on cytological study in four 
cases. Fourteen patients had a decompression by a ventriculo-atrial 
shunt before starting radiotherapy. 

All 15 patients were irradiated with a 60Co apparatus or a 6 MeV linear 
accelerator. Radiation doses ranged between 40 and 60 Gy and were given 
in four or five daily treatments per week in fractions of 1.6 - 2.0 Gy. 
The dose was delivered to the tumor-bearing area through bilateral op
posing portals with a generous margin in nine patients. Five children 
received whole brain irradiation followed by a boost of the tumor 
region. Radiation therapy included the entire cerebrospinal axis in 
only one case. 

Results 

Eleven of 15 children or young adults are living at present and show 
no evidence of disease from 3 1/2 to 9 years after treatment. The 5-
year survival rate calculated by life table method was 65% (Fig. 2, 
CUTLER et al. 1977). Eight of the surviving patients returned to a 
normal and useful life, although slight neurological or endocrino
logical disorders continue. Another two patients are in a fair condi
tion, being capable of caring for themselves but suffering from sev
ere neurological symptoms. One young boy attends a special school, 
because he is blind as a result of tumor bleeding after ventriculo
graphy. 

Two of the first group with little or no disability developed frontal 
metastases outside the small radiation fields to the pineal tumor 
region. In both cases a second course of irradiation was given and the 
tumor mass disappeared completely. Two years later these boys are 
studying or attending high school, respectively, with no signs of ac
tive disease. 

Four patients died at intervals ranging from four months to five years 
after treatment. One boy with diabetes insipidus and malignant cells 
in the cerebrospinal fluid (CSF) was given irradiation to the whole 
central nervous system. He improved but radiotherapy had to be inter
rupted because of myelosuppression. After an interval of four weeks 
the irradiation continued but was not completed, since septicemia led 
to death. In two of them progressive tumor growth and in the third pa
tient a diffuse spread of metastatic tumor cells in the basal cisterns, 
meninges and ventricular ependyma were the cause of death. These three 
children had received irradiation only to the tumor area with doses 
less than 50 Gy. 

Discussion 

The risk of successful removal of tumors in the pineal region is high 
because of operative mortality and postoperative morbidity. If the pa
tients survive the operative procedure, surgery alone has been reported 
to yield poor results for these neoplasms (5). Although surgical series 
support the importance of biopsy or partial-excision for obtaining his
tologic diagnosis, a combined method of shunting for decompression and 
radiotherapy is the treatment of choice (il. 

The beneficial effect of irradiation markedly depends on the histolog
ical type. Patients with germinomas have a much better prognosis with 
radiation therapy than those with teratoma or even glioma (~l. 
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Many authors recommend tumor doses of 50 - 55 Gy, since significantly 
more recurrent primary tumors were seen in patients who received doses 
less than 50 Gy (4). The prognosis of pineal neoplasms seems also to 
be influenced by the size of the treatment field. Some radiotherapists 
irradiate only the tumor-bearing area with small portals, whereas 
others plead for larger radiation fields encompassing the entire ven
tricular system since local seeding of tumor cells may occur. Based 
on the subset of 67 patients from the literature and own series, 
SALAZAR et al. (7) found, that patients treated with whole brain ir
radiation survived better than those who received only partial brain 
irradiation. Two of our young patients developed metastases in the 
front of the third ventricle, which could have been avoided by radia
tion therapy of the entire brain volume. 

The discussion concerning prophylactic spinal irradiation is not yet 
finished. In contrast to medulloblastomas the probability of spinal 
metastases is less than ten per cent of all patients in most series 
(6, 8). Because of the low incidence of spinal involvement and the 
associated morbidity of irradiation to the spinal axes, especially 
in children, elective radiation therapy of the spinal cord in only 
justified in patients with a positive CSF sample for malignant cells. 

A fact not very well known seems to be the frequency of endocrinolog
ical disturbances in patients with neoplasms in the pineal region. 
More than one third of these patients needs hormonal substitution (~). 

Conclusions 

Based on our own experiences and results in the literature we recommend 
the diagnostic and therapeutic procedures which are shown in Table 2 
and Fig. 3. After diagnosis by CT scan, supported if necessary by other 
roentgenographic contrast studies, a shunting system (ventriculo-atrial) 
for decompre3sion is inserted. Repeated samples of CSF are taken (ven
tricular and spinal) to test for malignant cells. A complete endocrino
logical investigation follows and if necessary hormonal substitution. 

Important tumor markers of pineal germ cell neoplasms are the beta 
chain of human chorionic gonadotropin (HCG) and alpha fetoprotein (AFP). 
Elevated levels of HCG and AFP in serum and CSF secreted by chorion 
carcinomas, embryonal carcinomas and endodermal sinus tumors have been 
reported to correlate with tumor growth or regression (Fig. 3). In these 

Table 2. Tumors of pineal region (diagnostic and surgical procedures 
before irradiation) 

Clinical and neurological status 
~ 

Computerized tomography (CT), (facultative: angiography, scintigraphy, 
encephalotomography) 

~ 

Shunting for decompression 
~ 

Cytology in CSF (ventricle, spinal cord) 

Endocrine status 

Tumor markers (HCG, AFP) 
~ 

Starting of irradiation 
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tumors a combined approach of irradiation and systemic chemotherapy 
should be chosen because of the absence of a blood brain barrier (i). 

We recommend whole brain irradiation with doses of 36 Gy in five (!) 
weeks. This procedure takes note of the frequent failure rates in the 
brain outside irradiated areas and the sensitivity of brain tissue to 
irradiation in children. If the CT scan shows definite tumor regres
sion after this dose has been given, radiotherapy should continue 
through smaller portals to the tumor region with an additional 14 to 
20 Gy (Fig. 4). If there is no definite shrinking of the tumor after 
36 Gy, the relative radioresistance of these neoplasms requires a 
higher dose up to a total of 60 Gy. The spinal axis should be irradi
ated only in patients with a positive CSF sample for malignant cells, 
to a dose of 36 Gy. 

Operative removal can be attempted in patients who show clinical and 
radiographic evidence of growing pineal tumors despite irradiation 
or recurrent tumors. 

After radiotherapy follow-up studies of the endocrine status are neces
sary in order to detect hormonal dysfunctions or radiogenic changes in 
the hypothalamic function. 
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Fig. 1. Sites of pineal tumors according to KAGIYAMA 
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Fig. 2. Tumors of the pineal region. Five-year survival rate in 15 
children calculated by the life table method 
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Infratentorial - Supracerebellar Approach to the Pineal and 
Mesencephalic Region in Children 

G. Pendl and W Th. Koos 
Neurochirurgische Universitatsklinik Wien, Aiserstrasse 9, A-1090 Wien 

Introduction 

Since the introduction of microsurgery in the past ten years, space
occupying lesions in the oral and caudal brain stern are no longer con
sidered inoperable; also, the more sophisticated instruments of diag
nosis such as computer tomography are particularly suited to show 
lesions in the midline and permit much wider indications for surgical 
treatment than in the past (PENDL and KOOS). Nevertheless, the tumors 
of the pineal and mesencephalic region are still much under discussion, 
particularly because they are located within the range of extremely 
sensitive brain structures where there is always a problem of selecting 
the proper approach. The operability of these tumors will be discussed 
on the basis of the author's own successful experiences - using ana
tomical and topographical considerations; the proper approach will also 
be presented. 

Anatomical Studies and Clinical Experience 

Because of the inadequacy of existing anatomical studies regarding the 
regions of the pineal gland, the mesencephalon and the corpora quadri
gemina, we have examined anatomical sections and cadaver brains in 
addition to clinical studies. It turned out that it is not so much 
the anatomical structure of the parenchyma of the brain as tpe vas
cular anatomy which makes the approach to the corpora quadrigemina 
so difficult. Figure 1 is a diagram showing the course of the arteries 
and veins in this region. 

The following approaches are feasible for surgical intervention: 

1. Parieto-occipital approach according to DANDY-FOERSTER. 
2. Occipital lobe resection according to HORRAX. 
3. Transventricular approach according to Van WAGENEN. 
4. Suboccipital transtentorial approach according to HEPPNER-POPPEN. 
5. Infratentorial-supracerebellar approach according to KRAUSE-BRUNNER. 
6. Subtemporal approach. 

On the basis of our anatomical studies and our experiences in micro
surgery, we feel that the DANDY-FOERSTER approach is least suitable 
since the deep veins, in particular the great vein of GALEN, consider
ably impair the whole view and interfere with the dissection after 
splitting of the splenium of the corpus callosum. Resection of the 
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occipital lobe according to HORRAX is only suited for very large le
sions and we have used it only for adults with large meningiomas in 
the quadrigeminal region. The transventricular approach according to 
Van WAGENEN may be used especially for tumors growing on one side 
towards the lateral ventricle (area of the trigone) to which there 
is easy access through the lateral ventricles which are dilated due 
to hydrocephalus. The suboccipital transtentorial approach according 
to HEPPNER-POPPEN, which is done with the patient sitting up, affords 
a good view across the quadrigeminal region without any impairment 
from the deep veins which are situated above in a roof-like structure. 
In this case the tentorium has to be split generously. The subtemporal 
approach is suited only for lesions in the cerebral peduncle or in the 
region of the interpeduncular cistern. As regards tumors of the pineal 
and mesencephalic region in children we have confined ourselves almost 
wholly to the infratentorial supracerebellar approach according to 
KRAUSE-BRUNNER. This approach is particularly appropriate because of 
the few additional lesions caused by the surgical manipulations; only 
the bridging veins between tentorium and cerebellum have to be sacri
ficed which, according to the author's experiences, does not cause any 
additional morbidity. Through the tentorium the approach is maintained 
without the use of any additional spatula following the drop of the 
cerebellum caused by the drainage of the cisterna magna; the great 
vein of GALEN and Rosenthal's vein as well as the internal veins re
main intact as a roof-like structure above the field of operation and 
may be well exposed and spared, the precentral cerebellar vein - if 
it still exists despite pathological changes caused by the tumor -
may be sacrificed without any harm. 

Figure 2 shows a diagram of the approach, Fig. 3 an autopsy specimen 
affording a view into the quadrigeminal region with the pineal gland -
using this approach. 

Table 1 shows ten cases of tumor of the pineo-mesencephalic region 
from the pediatric age group up to 16 years, taken out of a total 
number of 22 cases with pathological lesions in this region where 
operation was undertaken. It should be noted that among them there 
were four tumors in the mesencephalon itself (case 1, 2, 3, 5) which 
were extirpated by this approach. There has not been a single case 
of postoperative mortality in our cases in these past nine years. No 
increased morbidity possibly due to the approach was noted. The sur
vival time as such depended on the histology of the tumor and, because 
of the malignant lesions - despite ensuing radiotherapy and chemo
therapy in some was only 18 months until the tumor recurrence. Fig. 4 
indicates the various tumor sites of these ten cases. 

Discussion 

Ever since HORSLEY in 1905, attempts have been made to expose tumors 
of the pineal gland but it was not until 1913 that KRAUSE (OPPENHEIM 
and KRAUSE) carried out a successful operation on a tumor of the pineal 
gland; already at that time the approach was infratentorial supra
cerebellar. Later on, however, DANDY's approach through the corpus 
callosum gained ground and was used until recently by most authors as 
the technique of choice. Most likely this very unsuitable approach 
with its macrotechnique, its considerable morbidity and mortality has 
also been responsible for the rather pessimistic attitude with regard 
to tumors of the quadrigeminal region. OBRADOR et al. as well as 
SCHAFER et al. make reference to the good results published recently; 
there are more and more reports about the successful extirpation of 
tumors in the pineal region with the suboccipital transtentorial ap-
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proach of HEPPNER and POPPEN, but also about the use of the infraten
torial supracerebellar approach of KRAUSE-BRUNNER (PAGE, PENDL). STEIN 
and also SAND report in particular on the positive results following 
exposure by way of the infra tentorial supracerebellar approach that 
had been developed by BRUNNER as early as 1913 after trials on the 
cadaver (RORSCHACH); TANDLER and RANZI also described this technique 
in their textbook in 1920, a technique that has been recently revived 
by ZAPLETAL and STEIN. 

We agree with JAMIESON that the choice of a direct surgical approach 
to the pineal gland should depend on the following criteria: 

1. Histological verification wherever possible since it might be a 
cystic lesion in which case radiation treatment would be ineffective; 
there are also other tumors which are absolutely resistent to 
radiation. 

2. Open biopsy may have disastrous results - particularly bleeding 
into the tumor; this is far more dangerous than a total resection. 

3. A suitable surgical approach - because of the possibilities afforded 
by the sophisticated microsurgical techniques - opens up many more 
possibilities. 

Summary 

Extensive micro-anatomical and microtopographic studies showed the 
infratentorial-supracerebellar approach to be the one of choice for 
microsurgery of tumors in the pineal region including the posterior 
third ventricle, the mesencephalon and the superior cerebellar vermis. 
In the past years tumors of different histological nature were success
fully removed in 10 children and 12 adults without any postoperative 
mortality and, particularly, without increased postoperative morbidity. 
The approach which was reported by Fedor KRAUSE as early as 1912 offers 
an excellent view of the anatomy involved with its numerous vulnerable 
vessels and facilitates the exposure of both median and paramedian 
lesions. 
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Fig. 1. Left: Diagram showing the course of the arteries and veins at 
and near the quadrigeminal cistern. A, basilar artery; B, posterior cere
bral artery; C, posterior perforating thalamic arteries; D, quadri
geminal artery; E, posterior medial and lateral choroid arteries; 
F, posterior pericall. artery; 1, great vein of GALEN; 2, into cere
bral vein; 3, basal vein of ROSENTHAL; 4, precentral cerebellar vein; 
5, superior cerebellar vein; 6, pericall. vein; 7, inferior sagittal 
sinus; 8, sinus rectus; 9, mesencephalic vein; 10, med. occipital vein 

Fig. 2. Right: Diagram of the infratentorial-supracerebellar approach 
to the quadrigeminal cistern 
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Fig. 3. Microsurgical view of the normal well-exposed anatomy of the 
quadrigeminal plate and pineal gland (situated to the right) 

Fig. 4. Topography of various tumor sites in the pineal area (5 cases) 
and within the mesencephalon (5 cases) 
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Diagnosis and Treatment of Tumors of the Pineal Region, 
Posterior Third Ventricle and Quadrigeminale Plate. Present Value 
of the Stereotactic Exploration 

J. R Moringlane\ C. Daumas-Duport2, A Musolino3, and G. Szikla3 

1 Neurochirurgische Klinik im Nordstadt-Krankenhaus, Haltenhoffstrasse 41,0-3000 Hannover 

2 Laboratoire d'Anatomie pathologique Centre Hospitalier Sainte Anne - 1, rue Cabanis, 
F-75674 Paris Cedex 14 

3 Service de Neurochirurgie B, Centre Hospitalier Saint Anne - 1, rue Cabanis, 
F-75674 Paris Cedex 14 

Introduction 

A review of the literature concerning lesions of the pineal region, 
the quadrigeminal plate and of the posterior part of the third ven
tricle leads to the conclusion that the choice and the succession of 
diagnostic as well as of therapeutic procedures is very different from 
one neurosurgical center to another. Many reports deal only or essen
tially with the results of an operative approach, but little attention 
is paid to the biology of the lesions. 

New operative techniques and their modifications have been described 
(1, 4, 10, 12). The development and propagation of microsurgery, the 
perfection of modern anesthesiology and progress in the field of post
operative monitoring and intensive care have encouraged a more aggres
sive attitude towards tumors of the pineal region (5-7, ~). 

Some authors emphasize that 70% of the tumors of the pineal region are 
radiosensitive and recommend radiation therapy even without any histo
logical diagnosis (9, 11). At present, however, most radiotherapists 
require a histological~iagnosis before irradiation since a common his
tological nomenclature is now available thanks to the recent efforts 
at classification (~, 12). 

Thus in our unit several patients who came from radiotherapy centers 
were admitted for stereotactic exploration including biopsies. 

Material and Methods 

From 1975 to 1982, 18 patients aged between 2 1/2 and 64 years (average: 
27.8 years) presenting with this type of tumor underwent a stereotac
tic procedure at the Service de Neurochirurgie B of the Centre Hospi
talier Sainte Anne in Paris. Among them were six children aged between 
2 1/2 and 14 years. Eleven patients were male and seven were female. 

There is little to say about the neurological aspect. The classical 
signs of raised intracranial pressure were initially present and in a 
few cases Parinaud's syndrom was observed. 
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Present Technique of Stereotactic Exploration as used at Hospital 
Sainte Anne/Paris 

1. The procedure is performed under general anesthesia. After surgical 
disinfection of the shaved head the stereotactic frame of TALAIRACH 
is fixed to the bony vault. The first X-ray plain films as well as 
all following radiographs are taken at a constant distance of 4.5 
meters (teleradiography (15), so that there is practically no mag
nification. Thanks to the-extremely careful control of the ortho
gonal incidence in the supine as well as in the sitting position, 
all images can be directly superimposed (~). 

2. Angiography under stereotactic conditions is performed by puncture 
of the carotid and/or brachial arteries. All angiographies are made 
first with orthogonal incidence and second with an incidence of 60 . 

Stereoscopic three-dimensional effect is achieved by the cross-eyed 
technique or by the use of mirrors or especially constructed eye
glasses with adjustable mirrors. So it is possible to distinguish 
the superficial and the deep vessels and visualize the underlying 
surfaces of the brain (gyri, sulci, etc.) (12). 

One of the goals is to be able to reach any intracranial target 
knowing in advance that no vessel will be injured by the stereo
tactic probes. 

3. First result of the angiography is the choice of a safe path to a 
frontal horn or better to the third ventricle. A CSF sample is 
taken for cytological and routine laboratory examinations. Ventri
culography is made with air and Metrizamide. As for the angiography, 
pictures are made with orthogonal and 60 incidence in order to 
achieve stereoscopic viewing. 

4. The next step is the transfer of the CT-images on X-ray film, allow
ing for a juxtaposition of the collected CT and other neuroradio
logical information, thus leading to a precise and comprehensive 
three-dimensional view of the lesion and of the surrounding brain 
structures (~). 

5. Oriented by this exact localization of the tumor even quite small 
tumors (1 cm) can be reached safely with the probes. Stepwise biop
sies furnish tissue samples from the different areas in and around 
the tumor. The importance of the stepwise biopsies must be emphasized 
because it is the unique method of determining the extent and the 
limits of a tumor as well as its nature. As a matter of fact CT
images cannot be interpreted in terms of histological diagnosis (3). 
Moreover they do not allow one to say whether a hypodense area at
the periphery of a tumor is edema or infiltrated brain tissue (Fig. 
1) (2). However, the volume of a tumor should be calculated as exact
ly as possible for radiotherapy and the limits should be clearly 
defined for surgical removal. Sampling of the tissue can - especial
ly in the neighbourhood of important functional areas - be preceded 
by stimulation of motor fibers, recording of depth EEG or of cellular 
activity (macro- or microelectrodes). In cases where the smear tech
nique does not allow an immediate histological classification of 
the tumor, there is enough tissue for paraffin sections which are 
systematically prepared. Every sample taken with the SEDANVALLICIONI 
trocar can reach the significant size of 10 x 1 mm. 
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Results 

Table 1 shows the neuropathological findings obtained by the stereo
tactic procedure in 18 patients. Germinomas together with pineoblasto
mas and astrocytomas account for about 70%. 

Treatment 

Four of 18 patients had no previous CSF drainage. During the stereo
tactic procedure a ventriculocisternostomy was performed between the 
floor of the third ventricle and prepeduncular cistern (Fig. 2). No 
sign of recurrent hydrecephalus has been observed in these cases. 

The colloid cyst of the posterior third ventricle was evacuated by 
stereotactic aspiration. 

In the light of the information collected, out of the 18 patients one 
case with a meningioma was considered suitable for open operation. 
Subtotal removal was followed by external radiation therapy. In the 
case of a germinoma, open surgical exploration and biopsy performed 
subsequently in an other hospital was followed by external irradiation. 

In the other 15 cases stereotactic exploration was followed by radia
tion treatment only: external radiation treatment (ERT) , interstitial 
implantation of Ir 192 wires or I 115 seeds (Curie therapy) or a com
bination of both (ERT + Curie) (Table 2). 

In cases of interstitial irradiation by implantation of radioisotopes 
the same stereotactic conditions and localisatory data were used as 
obtained by the previous stereotactic exploration. Actually the TALAI
RACH frame allows repeated fixation of the skull in the same position 
in the frame, so that all visualized structures will have exactly the 
same coordinates as for the first time. 

Mortality of the stereotactic procedures under the above-mentioned 
conditions is zero. Morbidity is low: one case of temporary hemipare
sis after stereotactic 192 Iridium implantation. 

Table 1. Tumors of the pineal region, quadrigeminal plate and of the 
posterior part of the third ventricle. 1975 - 1982; n = 18 

Histological diagnosis 

Germinoma 

Pineoblastoma 
Malignant glioma 
Astrocytoma 
Ependymoma 
Meningioma 
Cyst 
Cavernous angioma 
(3rd ventricle + frontal 
location) 
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No. of patients 
11d":7,? 
Average age: 27.8 years 

7 
(4 with mixed teratoma) 
4 children) 

2 (2 children) 
1 
2 
1 
3 
1 
1 
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The mortality of external radiotherapy alone or combined with inter
stitial Curie therapy is also zero. In one case a partially regressive 
hemiparesis appeared after external irradiation of a germinoma in an 
ectopic localization due to delayed X-ray damage. 

From the six children there is one death to be mentioned between 1975 
and 1982, six months after implantation of 192 iridium into a highly 
malignant pineoblastoma in a 2 1/2-year-old boy. 

Figure 3 shows a return to normal of the internal cerebral vein and of 
CT-images after radiation therapy in two cases of germinoma, as well 
as of the posterior third ventricle in a case of ependymoma. The re
sults of radiation treatment are shown in Table 2. 

Comments and Conclusion 

Considering that only 20% of tumors of the pineal region can be re
moved by open operation and that useless irradiation of the brain 
should be avoided, (children!) and considering that mortality and 
complications of craniotomy in radiosensitive tumors are not desir
able, the authors feel that the following management is suitable for 
tumors of the pineal region, of the quadrigeminal plate and of the 
posterior third ventricle (Table 3): 

1. In all cases choice of treatment has to be based on the results of 
a stereotactic diagnostic procedure. The latter includes stereo
tactic angiography and ventriculography with a reconstruction of 
the CT-images, together with stepwise sampling biopsies, which give 
precise and detailed information on the topography and histology 
of the tumor, the volume and the well or poorly circumscribed, in
filtrating character of the growth; in our opinion the so-called 
simplified biopsy methods based exclusively on CT data yield only 
fragmentary information and are liable to complications. 

2. In cases where surgical removal of the lesion seems possible, e.g. 
meningiomas, angiomas, dermoid cysts, etc.) precise anatomo-func
tional and in particular vascular topography of the tumor obtained 
by the stereotactic procedure contributes to optimal orientation 
at craniotomy. 

3. External radiation therapy should be the best treatment for germin
omas, pineoblastomas, poorly delimitated gliomas extending laterally 
and towards the floor of the third ventricle. In some cases the 
central tumor bulk can be destroyed by an additional isotope im
plant. 

4. Interstitial radiotherapy (192 Iridium or 125 Iodine implantation) 
seems to be the best choice for small well-delimited inoperable 
lesions with low radiosensitivity (e.g. pilocytic astrocytomas). 
It can be a second choice in some cases of otherwise removable 
lesions where open operation is contraindicated by the age or poor 
general condition of the patient. 
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Fig. 2 a, b. Stereotactic ventriculocisternostomy for the treatment of 
hydrocephalus in a case of ependymoma of the third ventricle. a for
ceps in position for opening the floor of the third ventricle;-b pas
sage of contrast medium from the third ventricle into the prepeduncular 
cistern 

Fig. 3. a Internal c e rebral vein returned to normal, one year after 
radiation therapy of a germinoma in a 13-year-old boy; le ft: before 
therapy, right : one ye ar after irradiation 

.. 
Fig. 1. Glioblastoma o f the pinea l region: CT-image (top . right) : no 
precise limit. Upper pictures . left : ~istological slide showing in
filtration by tumor tissue; r ig ht : position of the biopsy trocar and 
its opening (a~row) at the level of infiltration; lo we r p i c ture . l ef t : 
histological slide of compact tumor mass; right : position of the biopsy 
trocar and its opening (double arrow) within the tumor 8 mm d eeper than 
the infiltration zone 
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Fig. 3. cLeft: Ependymona of the third ventricle; right: Normal 
shape of third ventricle three years after irradiation. Control 
stereotactic biopsies show no evidence of tumor tissue 

~ 

Fig. 3. b CT image returned to normal, one year after radiation 
therapy of a germinoma in a nine-year-old boy; top: CT image of the 
germinoma before therapy; middle: five months after irradiation; 
lower: CT-image 14 months after irradiation; below: histological 
slide of germinoma 
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CT Scanning for Long Term Follow-Ups After Microsurgery for 
Posterior Fossa Tumors in Children 

P. Vorkapic, G. Pendl, W Th. Koos, T. Reisner, and S. Engel 
Neurochirurgische Universitatsklinik Wien, Aiserstrasse 9, A-1090 Wien 

Introduction 

CT scanning has become especially valuable for the diagnosis of mid
line lesions and also of tumors in the posterior fossa. Great improve
ments in management have been achieved by follow-up CT studies of 
totally or partially excised tumors in the posterior fossa. A study 
of 33 cases of postoperative follow-ups by CT scanning substantiates 
this statement. 

Case Material 

Between the years of 1970 to 1980, 95 posterior fossa tumors in chil
dren up to the age of 16 years old were extirpated by microsurgical 
techniques at the Department of Neurosurgery, University of Vienna 
Medical School. 

Table 1 shows the age and sex distribution of the cases, and indicates 
that there is an almost equal distribution of age as well as between 

Tabl~ 1. Age and sex distribution of posterior fossa tumors 
(0 - 16 years) 

40~ 
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Table 2. Histology of posterior fossa tumors (0 - 16 years) 

Medulloblastoma 39 
Astrocytoma 36 
Ependymoma 8 
Mixed gliomas 4 
Sarcoma 2 
Neurinoma/meningioma 1 
(von Recklinghausen disease) 
Epidermoid 1 
Ganglioma 1 
Cystic brain stem glioma 1 
Hemangioblastoma 2 

Total 95 

male and female. Histological studies (Table 2) revealed that the 
largest sub-group was the medulloblastoma - 39 cases, followed by 
astrocytomas with 36 cases, and ependymomas with 8 cases. The re
mainder of these subgroups appear in the table. During this same 
period 14 non-tumorous lesions in the posterior fossa were surgical
ly explored, but were not included in this study. (Within this group 
the largest number of cases observed was of arachnoid cysts (five) 
This was followed in number by the Dandy-Walker malformation (three 
cases), hemorrhages, angiomas and inflammatory lesions). 

One hundred and eight surgical procedures were performed on these 95 
cases. Palliative measures such as shunting, or similar procedures 
were not included. The patients in this study had a postoperative mor
tality of 11%. This is in comparison with a mortality of 20% in 84 
posterior fossa tumors in children, that were mainly macrosurgically 
excised at this institution during the years 1964 - 1969. Therefore, 
it can be seen that the use of microsurgical techniques produced strik
ingly better postoperative results. Forty of 95 children survived post
operatively, were followed up, and found to have a survival time of 
2 to 12 years. Table 3 shows the topography of the tumors and their 
relationship to the cerebellar hemispheres and brain stem. 

The following classification was used to describe the patients' post
operative quality of life: 

Group 1: no handicap and with a normal quality of life 
Group 2: socially deprived but integrated 
Group 3: handicapped, but still integrated 
Group 4: totally handicapped and in constant need of care. 

Surprisingly only three of the 40 children were in Group 4, while the 
other 37 cases were in Group 1. 

Table 3. Topography of cerebellar tumors in 40 cases of survival 
(0 16 years) 

Cerebellar hemispheres and vermis 28 
Brain stem 5 
Hemispheres - vermis/brain stem 7 

Total 40 
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Of the 40 surviving, 33 cases were followed up with CT scans. The 
histological distribution was as follows: 

20 astrocytomas 
6 medulloblastomas 
3 ependymomas 
1 hemangioblastoma 
1 epidermoid tumor 
1 isomorphic mixed glioma 
1 malignant mixed glioma 

The largest groups was composed of 20 cerebellar astrocytomas. CT scan 
results indicated that there was a distension of the CSF space in all 
patients at the site of the resected tumor. The pre-operative hydro
cephalus could no longer be seen in those children treated with shunts. 
The ventricles were completely normal, and there was no recurrence of 
tumor (Fig. 1). In the majority of the cases, the surgically approached 
section of the cerebellum revealed that there was a very deep subarach
noid space - which generally proved to be patent. 

The next largest group was made up of those patients with medulloblas
tomas. All six of these patients received up to 6000 rads of postoper
ative radiotherapy, and also chemotherapy. A survival time of 3 to 10 
years was achieved. There was also a distension of CSF spaces at the 
site of the resected tumor in all cases, as in the group of the astro
cytomas, and again hydrocephalus was no longer present (Fig. 2). How
ever, in two cases, as a result of radiotherapy, there appeared to be 
spotted calcified enhancement of the parenchyma on the CT scan. Contra
ry to what might have been expected from the histology, there were no 
signs or symptoms of recurrence of tumors. 

The last group consisted of seven other miscellaneous cases. CT scans 
revealed the same results as the other groups. However, in a single 
case a dormant remnant of tumor was discovered postoperatively, and 
found to be a mixed glioma (Fig. 3). This patient was treated with 
radiotherapy, subsequently achieved a normal quality of life, and had 
a survival time of ten years. 

Discussion 

The sophisticated microsurgical techniques used in these cases did not 
produce any greatly significant improvement in survival time. However, 
they did improve the postoperative morbidity and mortality. 

Also the avoidance of metal clips during the microsurgical techniques 
has produced better quality CT scans. It had been previously reported 
by BOCK et al. that metal clips considerably decrease the quality of 
the CT scans, and make the analysis of the findings difficult and un
certain. 

In accordance with the clinical findings on follow-up, the CT scans 
revealed that in the majority of patients no recurrence of tumor 
could be found. There was a good differentiation between the area of 
the excision of the tumor from the normal parenchyma of the cerebellum 
and brain stem. This could, of course, be correlated with the fact 
that there was no recurrence of tumor. 

In only one case was there a residual tumor (mixed glioma). It remained 
clinically dormant and the patient had a survival time of ten years. 
This case is similar to one reported by HOFFMAN et al. 
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The number of surviving patients with medulloblastomas was quite re
markable (6/39). This can be attributed to either: 

1. the microsurgical techniques of radical extirpation or 
2. to the postoperative radiotherapy (HIRSCH et al., NORRIS et al.). 

In comparing the results of the pre-microsurgical era to now, the 
authors believe that microsurgical technique has been mainly respons
ible for this success. The surviving patients with medulloblastomas 
all received postoperative radio- and chemotherapy as per the optimal 
therapy recommended by BONGARTZ et al. and by BLOOM. 

On CT scan, two cases of spotted calcified enhancement of the paren
chyma were noted after the radiotherapy. This has been previously re
ported by SCHIFFER et al. 

It is particularly worth mentioning that in all follow-up CT scans 
there was no longer any hydrocephalus, and above all there was a res
toration of the subarachnoid CSF spaces of the posterior fossa (partic
ularly in those hemispheres that were operated on). It is the authors' 
belief that the lack of hydrocephalus was a result of the routine water 
tight dural closure usually made by means of the lyophilized dural 
grafts. 

Summary 

Of 89 children undergoing microsurgery for medulloblastoma, ependymoma 
and astrocytoma of the cerebellum and fourth ventricle 33 were followed 
up post-operatively for two to 11 years. 

The most significant findings included: 

1. the absence of tumor tissue at the operative site, 
2. calcification was sometimes observed post-radiotherapy in the region 

of the basal ganglia, 
3. most interestingly, there was a restoration of the subarachnoid ~SF 

spaces in the posterior fossa in all cases. This, the authors' be
lieve, was the result of the routine water-tight dural closure by 
means of the lyophilized dural graft, and furthermore, 

4. in the majority of cases, the post-operative quality of life was 
found to be satisfactory. 
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Fig. 1. CT scan of the posterior fossa six years after resection of 
an astrocytoma. There is an almost normal subarachnoid space, but there 
is distension of the CSF spaces at the site of the resected tumor. No 
hydrocephalic enlargement of the ventricular system is seen 
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Fig. 2. A CT scan 
seven years after re
section of a medullo
blastoma. The poste
rior fossa reveals no 
recurrence of tumor, 
but there are areas of 
calcification in the 
region of the basal 
ganglia, a possible 
result of radiotherapy 

Fig. 3. CT scan ten 
years after operation 
on a mixed glioma, re
veals a dormant tumor 
at the site of opera
tion despite the pa
tient's good clinical 
condition 
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Long-Term Survival of Medulloblastomas 

G. C. Andrioli, I. lob, M. Zuccarello, and G. Trincia 
Instituto di Neurochirurgia dell Universita di Padova, Via Giustiniani 5, 1-35100 Padova 

Medulloblastoma was once generally regarded as a rapidly and uniform
ly fatal brain tumor in children. 

More recently it has been increasingly recognised that a significant 
number treated by a complete cerebrospinal axis radiotherapy and chem
otherapy survive for years without evidence of recurrence. Survivals 
up to 50% at three years, 40 - 41% at five years, 22 - 30% after ten 
years have been recently described (MEALEY and HALE 1977; BLOOM 1975, 
1977; QUEST et al. 1978, SCUCCIMARRA et al. 1978; CARTERI et al. 1979; 
GEROSA et al. 1980). Some authors (GULLOTTA 1979, GULLOTTA and NEUMANN 
1980) are very critical about this long term survival of an increasing 
number of medulloblastomas. They report that the peculiar behaviour of 
some of these malignant tumors has to be ascribed to their histological 
structure and to the age of the patient more than to modern radio- and 
chemotherapy. 

Furthermore, some of these long survival cases have been misdiagnosed; 
the variety of histological appearances of medulloblastomas as well as 
the small amount of tissue often available for microscopical examina
tion may cause an incorrect diagnosis (GULLOTTA 1979). According to 
GULLOTTA's guidline about histogenesis and histology of this tumor we 
have identified 122 cases of medulloblastoma who underwent operation 
at the Institute of Neurosurgery in Padua from 1951 to 1978. 

A complete follow-up investigation has been only possible in 71 cases 
(Table 1). One quarter of the patients died within one month of oper
ation and 15% had unreliable postoperative or histological data. 

The survival rate of 71 cases is illustrated by Table 2. 

If we consider that our material has been collected over a long period 
in which different postoperative treatments have been employed and that 
every case has been histologically reviewed according to a unique prin
ciple, it seems reasonable to assess the various factors which have in-

Table 1. 

Surgical mortality 
Not reliable data 

25% 
15% 

Follow-up investigations 71 cases 60% 
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Table 2. Survival rate 

53% 

23% 

8% 

> 3 years 

> 5 years 

> 10 years 

fluenced the prognosis. We will compare the survival rate with age, 
histological picture, site of tumor, type of operation and treatment 
after operation. 

Age (Fig. 1) 

The age and sex distribution is nearly typical. The oldest patient 
was a 57-year-old man and the youngest was a five-month-old female. 
The mean age is 11 years; 22% of the cases were more than 16 years 
old at time of admission. 

Comparing the age with survival (Table 3) we may conclude that this 
factor has no importance in survivals of more than five years; up to 
this period the older group seems to have a better prognosis. 

Surprisingly, all cases surviving more than ten years are less than 
16 years old. 

Histology 

According to GULLOTTA's histogenetic theory (1967), the medulloblastoma 
has to be regarded as an embryonic mixed tumor with a neuroectodermal 
and mesenchymal tissue component. The pure medulloblastoma, with only 
a neuroectodermal component is extremely rare. Often, the mesenchymal 
component overgrows the neuroectodermal one and this phenomenon is 
mainly related to the age of the patient (Table 4). This variant of 
tumor (desmoplastic or arachnoidal sarcoma) is characterized by a very 
rich, tumoral reticulin network surrounding islands of cells (Fig. 2). 
Seventeen per cent of our cases were of the "desmoplastic" type. 

Table 3. Age 

Survival rate (%) Age (%) 

52 > 3 years >16 years 55 
<16 years 45 
mean age 11 years 

23 > 5 years >16 years 25 
<16 years 23 
mean age 10 years 

8 >10 years Case No. 1 5 years 
Case No. 2 4 years 
Case No. 3 7 years 
Case No. 4 13 years 
Case No. 5 2 years 
Case No. 6 2 years 
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Table 4. Medulloblastoma 

Classic 

No. 

Mean age 

>16 years 

101 (83%) 

10,5 years 

16% 

Table 5. Histology 

Survival rate (%) 

> 3 years 52 

> 5 years 23 

>10 years 8 

Desmoplastic 

21 ( 17%) 

19 years 

61% 

Histological structure 

Classic 
Desmoplastic 

Classic 
Desmoplastic 

Classic 
Desmoplastic 

(% ) 

45 
90 

24 
30 

5/6 
1/6 

As regards (Table 5) the survival rates, our data suggest that this 
variant has a really better prognosis up to five years but no longer. 
After this period the survival does not seem to be related to the 
histological structure. 

Site of Tumor 

Medulloblastoma is a typical tumor of the midline (Table 6). The rel
atively small number of laterally situated tumors are more frequently 
found in young adults than in children. The shift of the tumor site 
from the midline to the cerebellar hemispheres is connected with over
growth of the mesenchymal component which is similarly age-dependent. 

The tumor site really seems to influence the survival mainly up to 
five years. 

Type of Operation 

We have considered only two kinds of operation: total removal (more 
than 90% of the tumor excised) and partial removal (a pure biopsy has 
been performed in only three cases). 

From our data (Table 7) the total removal of this tumor is an important 
factor determining the duration of survival of the patients. 

Table 6. Site of tumor 

Survival rate > 3 years 
> 5 years 
>10 years 
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Vermis or paramedian 

84% 

47% 
25% 

6% 

Hemisphere 

16% 

84% 
50% 
16% 



Table 7. Operation 

Mean survival 

Survival rate 

Total 

> 3 years 

> 3 years 
> 5 years 

57% 
30% 

>10 years 12% 

Post-Operative Treatment 

Partial 

< 2 years 

40% 
5% 

During the first 15 years of activity of our Service the patients 
received post-operatively only conventional radiotherapy to the pos
terior cranial fossa with various doses ranging from 2500 to 5000 rads. 

After this period the majority of cases received Co80 radiotherapy 
to the entire neuraxis and chemotherapeutic treatment according to 
various trials (GEROSA et al. 1980). A comparison between the two 
groups of patients is therefore possible. From our data we may con
clude that cobalt therapy and chemotherapy are important factors in 
the increase in the survival rate up to five years but no more 
(Table 8). 

Conclusions 

We may summarize that all five factors considered are significantly 
important in determining the survival rate; all factors but one (total 
removal) are of diminishing significance in the true long-term sur
vival cases (Table 9). 

Table 8. Postoperative treatment 

Survival rate 

Rx-th Co 80 + Chemotherapy 

> 3 years 52% 38% 84% 
> 5 years 23% 22% 23% 
> 1 0 years 8% 100% (? ) 

l'able 9. Survivors > 1 0 years 

Case Age Sex Site Oper- Histo- Treatment Survival 
No. y. ation logy 

1 5 m Vermis Total Classic Rx-th 16 years alive 
2 4 m L.hem. Total Classic Rx-th 10 years alive 
3 5 m Vermis Total Classic Rx-th 11 y. later: metas-

tasis in frontal 
midline 

4 13 f L.hem. Total Classic Rx-th 17 years alive 
5 2 f Vermis Total Classic Rx-th 12,5 years alive 
6 2 f Vermis Total Desmopl. Rx-th 1 1 y. later: spinal 

intradural condroma 
1 y. later: alive 

291 



Most of these patients, according to Collin's law, have to be consider
ed definitely cured. This unexpected behaviour can be only explained 
by the coincidence of different factors such as an abnormal immunolo
gical response and/or a true, total removal of the tumor. 
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Fig. 1. Age. Cases No. 122 (1951 - 1978); male 60%, female 40% 
>16 years 22% 

Fig. 2. Histological picture of the "desmoplastic" type of medullo
blastoma. Note reticulin network surrounding islands of cells 
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Comparative Studies of Clinical Findings in Children and Adults with 
Tumors of the Posterior Fossa 

A. Spring, H. Dietz, and I. Mund 
Neurochirurgische Klinik der Medizinischen Hochschule Hannover, Karl-Wiechert-Allee 9, 
D-3000 Hannover 61 

From a consecutive series of 146 patients, who were operated on for 
tumors of the posterior fossa, we analysed the clinical findings in 
45 children (up to 18 years) with medulloblastoma or spongioblastoma 
and 48 adults with acoustic neurinoma. These tumors represent the 
typical diseases of the two groups. The other tumors are not analysed 
in this study, because they are relatively rare (11 angioblastomas, 
five angiomas, five ependymomas, nine meningiomas, three metastases 
and nine other tumors). The question arises, if there are typical 
neurological signs or symptoms, which correlate with the site and 
the size of the tumor. 

Results 

In the group of children (group I) there were 17 females (38%) and 
28 males (62%). Of these patients 60% were less than nine years old, 
the youngest one year. The patients with acoustic neurinoma (group II) 
had an average age of 51 years. The youngest was 26, the oldest 65 
years old. The sex ratio was 30 female (62.5%) and 18 male (37.5%). 
The average length of history was nine months for children and 36 
months for adults. Sex ratio and length of history are typical for 
the two groups. Of the children 37 (82%) complained of headache and 
vomiting while 25 adults (52%) suffered from headache and 14 (29%) 
from vomiting. In 36 (80%) of the children and 16 (30%) of the adults 
papilledema was seen. The classical triad of papilledema, headache ?nd 
vomiting was observed in 28 (62%) children and 7 (15%) adults. Corre
sponding to the signs 9f increased intracranial pressure 17 children 
(38%) and 9 (19%) adults were drowsy. Of the patients with acoustic 
neurinoma 26 (54%) felt dizzy, but only 9 (20%) of the children_ 

Naturally the nerves of the cerebellopontine angle are affected pre
dominantly in patients with acoustic neurinomas. All patients had dis
turbances of the vestibulocochlear nerve. Additionally the trigeminal 
and facial nerve were affected on the same side in 28 (58%) and 23 
(48%) patients respectively. On the other hand none of the children 
had disturbances of the eighth nerve. Symptoms of the trigeminal and 
facial nerves were found in two, and five cases respectively. Abducens 
paralysis was seen in 12 patients of group I and in eight of group II. 
Hypoglossal paresis in two children and four adults, dysphagia in five 
adults and accessory nerve paresis in two children demonstrate the 
rare involvement of the lower cranial nerve group (IX - XII). Pyramidal 
signs with positive Babinski reflex or Tromner's sign were recorded 
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in seven (16%) children and four (8%) adults. Muscle tone was decreased 
in four cases of group I. 

Cerebellar symptoms with loss of balance, ataxia and dysdiadochokinesia 
was very common in all patients. In group I 17 (38%) children had loss 
of balance, 33 (73%) ataxia and 18 (40%) dysdiadochokinesia. In group 
II 24 (50%) patients showed loss of balance, 21 (44%) ataxia and 12 
(25%) dysdiadochokinesia. Horizontal or rotatory nystagmus was observed 
in 18 children and 30 adults. 

The question is, if there are strong correlations between the neuro
logical findings and the site or the size of the tumor (Tables 1 and 2). 
Disturbances of the cranial nerves V, VII, XI and XII are relative rare 
in the group of children and are nearly always explained by involvement 
of the brain stem. In addition the brain stem is shifted laterally by 
the tumor. In those cases with abducens paralysis, there were only 4 
without brain stem involvement. This can be explained by the unfavor
able course of this nerve and the increased intracranial pressure. 

It is self-evident that all patients with acoustic neurinomas have 
disturbances of the eighth nerve. Abducens paralysis was noted in 
eight adults. Disturbance of the trigeminal and facial nerves indi
cates the existence of a larger tumor with involvement of the brain 
stem. Nevertheless there are some tumors with a diameter of less than 
3 cm, which cause disturbances of the fifth, seventh, ninth and twelfth 
nerves. The peripheral part of the nerves close to the acoustic nerve 
is impaired by the tumor. 

Motor disturbances on one side always correlate with tumors of the 
same cerebellar hemisphere in children. Nevertheless midline tumors 
of the vermis and the neighbouring cerebellum can cause the same 
symptoms. Some tumors, which are lateralised, are associated with 
bilateral motor disturbances. 

In children bilateral ataxia is very often associated with tumors of 
the vermis (Table 3). On the other hand, in 11 children with bilateral 
ataxia the tumor was situated in only one cerebellar hemisphere. The 
tumors affected or infiltrated the brain stem in 13 cases with ataxia. 
The brain stem was not involved in nine children with this symptom. 
These findings are in contrast to the adults (Table 4). In all patients 
with bilateral ataxia the brain stem was affected by the tumor. Homo
lateral ataxia was seen in nine patients with tumors, affecting the 
brain stem. In four patients with hemiataxia the brain stem was not 
involved. Ataxia' is associated with large acoustic neurinomas. 

Summary 

These investigations show that there are many similar neurological 
disturbances in the two groups, although the location and nature of 
the tumors are very different. Abducens paralysis, disturbances of 
the caudal cranial nerves and cerebellar motor disturbances are seen 
in both groups. The existence of these signs is of different signifi
cance. Paralysis of cranial nerves indicates an infiltration and shift 
of the brain stem in patients with medulloblastoma and spongioblastoma. 
Small acoustic neurinomas can cause disturbances of the nerves in the 
cerebello-pontine angle. Above all, ataxia in an acoustic neurinoma 
is an unfavorable sign, indicating a large tumor with involvement of 
the brain stem. 
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Table 3. Correlation between ataxia, site and size of medulloblastomas 
and spongioblastomas in 32 children 

Hemiataxia Bilateral ataxia 
(n = 10) (n = 22) 

Vermis 2 15 

Cerebellar hemisphere 
unilateral 5 11 
bilateral 1 4 

Brain stem 
affected 3 3 
infiltrated 3 10 

Size 
<3 em 1 

3 - 5 em 6 14 
>5 em 4 7 

Table 4. Correlation between ataxia, brain stem involvement and size 
of acoustic neurinomas in 21 adults 

Hemiataxia Bilateral ataxia 
(n = 13) (n = 8) 

Brain stem 
affected 6 4 
shifted 3 4 

Size 
<3 em 1 1 

3 - 5 em 8 5 
>5 em 4 2 
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Diagnosis and Treatment of Cystic Non-Tumorous Lesions of the 
Posterior Fossa in Children 

D. Dorsic1, H. Altenburg2, and Th. Herter1 

1 Neurochirurgische Universitatsklinik, Jungeblodtplatz 1, D-4400 MOnster 
2 Neurochirurgische Abteilung des Ev. Stitt St Martin, Johannes-MOller-8trasse 7, D-5400 Koblenz 

Cystic lesions of the posterior fossa cannot easily be classified ac
cording to etiology, location, symptoms and treatment. We are proposing 
a better classification mainly of the benign infratentorial lesions. 

We tried to combine the site and type of the cyst in a common classi
fication. According to this classification, four groups of cysts can 
be distinguished (~): 

The first group is constituted by the cystically dilated fourth ven
tricle as seen in the Dandy-Walker syndrome or other membranous oc
clusions of the fourth ventricle (14). The Arnold-Chiari malformation 
(3), showing a dilation of the fourth ventricle due to interference 
with the flow of CSF caused by the low position of the cerebellar ton
sils, is also considered one of this group. Obstructive hydrocephalus 
caused by a high tumor of the cervical cord at the cranio-spinal junc
tion is reckoned among this group, as also the so-called "trapped ven
tricle" (15) characterized by obstruction not only of the outlets but 
also of the Sylvian aqueduct. 

The second group is made up by the cystically dilated cistern occurring 
with a paradoxical upward herniation of the contents of the posterior 
fossa. 

Occasionally, dilatation of the cisterns is also met with in ptrophy 
or low pressure hydrocephalus (~). 

The third group is composed of the so-called true infratentorial cysts 
not showing any connection with the ventricular system in ventriculo
graphy with positive contrast radium. They can be located in the mid
line behind the cerebellum, in the region of the clivus above the cere
bellar hemispheres, in the cerebello-pontine angle and also infratento
rially above the cerebellum. These almost invariably benign cysts be
long to the arachnoidal (5) or leptomeningeal cysts (2); trauma, in
flammation and bleeding are considered as etiologic factors, as well 
as congenital conditions (~). 

The fourth group consists the so-called pseudo-cysts, practically 
empty cavities filled with fluid and possibly lined with a thin mem
brane, caused by cerebellar hypoplasia or aplasia according to the 
e vacuo principle (~, ~). 

The symptoms of the benign cystic lesions of the, posterior fossa are 
characterized by an almost inevitable disturbance of fluid circulation 
(1) and the resulting signs of increased intracranial pressure. 
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The extraventricular, extracisternal cysts also lead to a certainly 
slow but steadily progressive space occupation and impede the flow of 
CSF after having reached a certain size. Cerebellar symptoms are rel
atively infrequent. More common are acute crises of increased intra
cranial pressure, which necessitate diagnosis and treatment on an 
emergency basis if there is evidence of commencing herniation. On the 
other hand, pseudocysts resulting from underdevelopment of the cere
bellum and the medulla oblongata are most likely to manifest them
selves with the symptoms of the retardation complex (~). 

The diagnosis of cystic infratentorial lesions became very exact and 
relatively easy with the introduction of computerized tomography, CT 
(11). By using contrast medium it is occasionally possible to differ
entiate between purely cystic and tumorous-cystic lesions (e.g. lack 
of enhancement in arachnoid cysts as compared with cystic hemangio
blastomas) . 

The exact position and extent of infratentorial cysts can also be di
agnosed relatively well from the CT scan. 

Frequently, CT cannot provide proof of any connection between the 
cystic lesion and the ventricular system. 

Occasionally it is impossible on the CT scan (1) to differentiate 
retrocerebellar cysts from a cystically dilated fourth ventricle. In 
this respect control ventriculography is of great help. It clearly 
demonstrates or excludes a possible communication between cyst and 
ventricular system, as well as any obstruction to the passage of CSF. 

Ventriculography is also of advantage, because a possibly urgent oper
ation for the drainage of CSF can be carried out under the same anes
thesia. Vertebral angiography is of less importance in diagnosing non
tumorous lesions of the posterior fossa. 

The operability of the cystic lesion can also be judged from ventri
culography rather than from CT. The relations of the cyst to aqueduct 
or fourth ventricle and the exact location of these connections is 
decisive for the further treatment which will consist of CSF drainage 
or/and a direct operative approach to the cystic lesion of the pos
terior fossa. 
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Fig. 1. Le f t: Combination of group I, II and IV. During the operation 
a small vermis and small cerebellar tonsils were found 

Fig. 2. Right: Legend see Fig. 1 
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Fig. 3. Group I Cystically 
dilated fourth ventricle 

Fig. 4. Not group I but 
a retrocerebellar cyst 
at a higher level 
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Effects of Dexamethasone on Physical and Biochemical Properties 
of the Normal Non-Edematous Brain 
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Introduction 

Vasogenic brain edema associated with brain tumor or brain abscess 
responds well to steroid treatment. However, in the management of 
edema due to ischemia or trauma, the efficiency of glucosteroid ther
apy declines. Therefore, the mechanisms involved in the steroid ther
apy of tumor or abscess must differ from those involved in the treat
ment of ischemia or trauma. To improve the treatment of ischemic or 
traumatic brain edema, e.g. by supplementary measures supporting the 
glucocorticoid effect, it is necessary to know the pathophysiological 
mechanisms and pathways concerned in the steroid management of brain 
edema. Yet it is a common experience that the evaluation of patho
physiological pathways is often helped by the investigation of the 
normal physiological background. Surprisingly, the only investigations 
of which we are aware involve steroid effects under pathological con
ditions. The task, therefore, is to estimate the effect of gluco
corticoids in normal brain tissue by taking into consideration phys
ical and biochemical factors. 

Material and Approach 

Material. Twelve balanced and randomized adult male cats (weighing x 
= 3.5 kg, Sx = 0.3 kg) were divided into two groups, each with six 
animals. 

Treatment. One group was treated by daily intramuscular injection of 
0.5 mg/kg dexamethasone (Decadron) given as two single doses of 0.25 
mg/kg. Treatment was continued for 13 days. The other group served as 
normal untreated controls. 

Operation. After this period the animals were anesthetised (15 mg/kg 
ketamine, Ketanest), tracheotomized, ventilated with room air and im
mobilized (0.2 mg/kg hexcarbacholinbromide, Imbretil). The intraventri
cular pressure (IVP) was determined by means of a needle (diameter 
0.5 mm) inserted stereotactically into the right ventricle. Subsequent
ly, the brain was frozen in situ, by pouring liquid nitrogen over it, 
and then removed. 

Estimations carried out: The determination of water content, sodium 
and potassium was performed in the grey and white matter of the left 
hemisphere according to the method described by REULEN (10), whereas 
glucose, lactate, creatine phosphate and ATP content of brain tissue 
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were estimated according to the methods described k¥ LOWRY (7). The 
animals of the control group underwent the same procedures. Statistical 
evaluation was based upon the non-parametrical u-test of Mann-Whitney
Wilcoxon for independent random sampling (i). 

Results 

PhysicaZ Findings 

After treatment of normal animals with dexamethasone, IVP shows no 
significant changes in comparison to that of the untreated group 
(Fig. 1). The values obtained amount to x = 2.4 mm Hg for treated cats 
and x = 2.2 mm Hg for untreated cats. However, the water content of 
the white matter (Fig. 1) declines after treatment from x = 70.7 g/ 
100 g w.w. to X = 67.2 g/100 g w.w. (p<0.05), whereas the water con
tent of grey matter shows no changes. The change of water content in 
the white matter corresponds to a mass-volume decrease of 11.9% (for 
calculation see 2). 

BiomechanicaZ Findings 

The animals treated with dexamethasone show slight though not signifi
cant changes of sodium content (Fig. 1), whereas an obvious alteration 
of potassium content is detectable in the white matter of the treated 
group. Sodium content of white matter amounts to x = 193.7 mmol/kg d.w. 
in the untreated group and x = 169.4 mmol/kg d.w. in the treated group. 
Potassium content of white matter increases from x = 197.1 mmol/kg d.w. 
in the untreated group, to x = 249.3 mmol/kg d.w. in the dexamethasone
treated group (p<0.05). 

Concerning the energy metabolism (Fig. 2) no differences between the 
treated and the control group are observable. Glucose content as well 
as lactate, creatine phosphate and ATP content are unchanged after 
administration of dexamethasone both in the grey and white matter. 

Discussion 

In considering the results presented above, it seems to be advantageous 
to summarize the metabolic pathways of glucocorticoids, especially 
dexamethasone, previously described by numerous authors (Fig. 3). 

The current concept of dexamethasone's action in nervous tissue in
volves specific gene activation after administration of the steroid. 
Nowadays, the degree of steroid gene activation is nearly understood 
and the substances synthesized after activation are partly estimated: 
The first step of the specific gene activation by dexamethasone is the 
binding of the steroid to cytoplasmic receptor proteins (i, 11). The 
binding of dexamethasone is followed by a cytoplasmic nuclear trans
location of the steroid-receptor complex with the transformed receptor 
protein (8, 5). After nuclear gene expression a changed set of pro
teins is released to the steroid affected nervous tissue (1). Some 
classes of these proteins are consistently increased, other classes 
of proteins are decreased. However, the metabolic objectives of the 
single protein released after steroid administration are not yet 
known, although many results are available concerning the gross phys
ical and biochemical changes of neuronal tissue after treatment with 
dexamethasone (Fig. 3). 
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One gross alteration of normal non-edematous brain is presented in 
this paper; supporting evidence of the chain of causality, which pos
sibly produces that alteration, may be provided by the above described 
intermediary metabolism of dexamethasone. After long term administra
tion of dexamethasone the water content of white matter decreases. 
This loss of water being 3.5 g/100 g w.w. corresponds to a mass-volume 
decrease of 11.9% in brain tissue. Since the diminution in tissue 
volume is not to be explained by a reduced vascular volume, which ex
tends maximally to 5% of the white matter of the entire brain (3), a 
decrease of neuropil itself must be required. Considering the sodium 
and potassium content after dexamethasone treatment it can be con
cluded, that the mass-volume of brain declines mainly in the extra
cellular space (ECS) without any change in the intracellular compart
ment. Therefore, a mass-volume shifting from extracellular to the 
fluid spaces is to be gathered from the "Monro-Kellie doctrine". Since 
disturbances of energy metabolism are not apparent, the effect of 
dexamethasone on normal (presumably as well as on altered) brain tis
sue seems at least to result from biomechanical changes in the brain. 
Because of the reduction of the ECS the hydraulic condictivity, which is 
a function of the diameter of ECS (9), deteriorates, i.e., the resis
tance of ECS to bulk flow of brain water increases. Consequently, in 
pathological conditions causing vasogenic brain edema the spread of 
edema fluid into unaffected areas of the brain may be prevented. How
ever, the present experiment suggests not only a prevention of water 
accumulation in brain tissue, but also an active reduction of extra
cellular water. Although the mechanisms involved in that extracellular 
fluid reduction by dexamethasone treatment remains rather unclear, 
there is properly only one possible hypothesis to explain the active 
reduction of extracellular fluid by dexamethasone: the volume capacity 
must decline, that means, the elasticity of brain tissue is raised 
after glucocorticoid therapy. To evaluate this hypothesis measurement 
of tissue compliance and cerebro-vascular resistance after dexametha
sone therapy will be undertaken in a subsequent investigation. 

Conclusion 

Administration of dexamethasone over a period of 13 days reduces water 
content of normal non-edematous brain tissue. Since the decrease of 
water content involves mainly the extracellular compartment of the 
brain, it is concluded, that dexamethasone causes an alteration of 
biomechanical cerebral properties, i.e., hydraulic resistance and 
brain tissue compliance. 
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Effect of Dexamethasone on Regional Cerebral Blood Flow in Patients 
with Cerebral Tumors and Brain Edema 

A. Hartmann', R. v. Kummer', J. Menzel', and C. Buttinger2 
1 Neurologische Klinik der Universitat Bonn, Sigmund-Freud-Strasse 25, D-5300 Bonn-Venusberg 
2 Neurochirurgische Klinik der Universitat Heidelberg, Vosstrasse 2, 0-6900 Heidelberg 1 

Steroids such as dexamethasone are used routinely against brain edema 
in patients with cerebral tumors. With sufficiently high doses the 
clinical effect starts to become recognizable within 24 hours. However, 
intracranial pressure recordings indicate that the raised cerebro
spinal fluid pressure falls later (1, 2, 4), whereas so-called plateau 
waves diminish in number and intensIty-within 12 - 18 hours (Fig. 1). 
Therefore mechanisms other than ICP-reduction alone are probably in
volved in the beneficial action of steroids in patients with brain 
edema. Since regional cerebral blood flow (rCBF) is an important fac
tor in brain function and since it is influenced not only by intra
cranial pressure but also by other factors such as metabolism and 
nerve function, the study of rCBF during dexamethasone therapy might 
give some clue to its action. 

Method 

The nontraurnatic method of measuring rCBF over both hemispheres was 
used for the study. After brief inhalation of 25 - 30 mCi Xenon 133 
from an airbag 32 de saturation curves were recorded from both sides 
of the skull. All curves were corrected for recirculation by simul
taneous measurement of Xenon 133 activity in the end expiratory air. 
After correction for extracerebral contamination the computer printed 
out the data about flow in the so-called fast perfused tissue (which 
is almost identical with the grey matter). 

The blood-tissue partition coefficient for Xenon 133 is altered in 
pathological tissue such as that of neoplasms and in tissue altered 
by edema. Therefore a flow-factor was used, which does not take this 
coefficient into account. This factor - the initial flow index lSI -
is mainly influenced by the grey matter and only to a minor extent by 
the white matter. All data were corrected by a factor of 4% per PaC02-
difference between two studies, if necessary. 

Further technical details can be read elsewhere (1). 

Seventeen patients were included into the study and treated according 
to the following protocol (Fig. 2): 

All patients received dexamethasone 1 mg/kg bodyweight, on day 1 di
vided into four doses. Initially one third of the total daily doses 
was given intravenously and the rest divided into three doses for 

310 Advances in Neurosurgery, VoL II 
Edited by H.-P. Jensen, M. Brock. and M. Klinger 
© Springer-Verlag Berlin Heidelberg 1983 



intramuscular administration. From day 2 on, the total doses of dex
amethasone was reduced to 0.5 mg/kg/day according to Fig. 2. 

rCBF was measured in group I (n = 10) before the start of treatment. 
24 hours after the start (day 1) and on day 7. 

In group II (n = 7) rCBF was measured in the same manner but on day 2 
instead of day 1. 

Results 

Steady State Data 

Compared to a group of patients with no organic central nervous system 
disease mean rCBF of the diseased hemisphere was normal in five out of 
ten patients (group I) and in three out of seven (group II). On the 
non-tumor side mean rCBF was normal in four patients of group I and 
in four of group II. 

From this it could be concluded that mean rCBF - which reflects the 
hemispheric flow - is unaltered in about half of the patients despite 
clinical signs of increased intracranial pressure and transhemispheric 
tissue shift. However, looking at the regional data it became obvious 
that all patients had a pathological regional pattern with increased 
and decreased intratumoral flow and perifocal reduced flow. In more 
than three-quarters of all 17 patients the rCBF in the contralateral 
hemisphere showed signs of disturbed regional tissue perfusion. 

Alteration of Flow in Group I 

After 24 hours of dexamethasone therapy rCBF did not show any signifi
cant change: -0.4% (+ 10.3) in the tumor-hemisphere and 0.5% (+ 10.9) 
on the contralateral-side. On day 7 rCBF increased significantly by 
+14.6% (+ 12.5) in the diseased side and by +13.1% (+ 7.2) in the 
healthy side. -

Despite the unaltered flow 24 hours after start of treatment some of 
the patients showed clinical improvement such as reduced complaints 
about headache or tinnitus and improvement in the neurological status. 

Alteration of Flow in Group II 

On day 2 (48 hours after start of treatment) rCBF on the tumor side 
increased by +8.4% (+ 9.6) and by +9.2% (~ 8.0) in the non-tumor side. 
On day 7 rCBF had increased in a similar manner than in group I: +16.2% 
(+ 9.7) on the diseased side and +17.6% (+ 11.5) on the healthy side. 
In the patients where a second CT was performed at this time we were 
unable to detect any change of the amount of edema (Fig. 3). 

Regional Patterns 

Figure 4 indicates the percentage of all areas with a significant 
change of rCBF (more than 15%) during the period involved. In group I 
on day 1 about 20% of all areas in both hemispheres showed a signifi
cant rCBF-increase and about 20% a significant rCBF reduction. On day 
7 only 8% showed a significant rCBF-reduction but more than 40% of 
all areas presented with a significant rCBF-increase. 
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In group II 10% of all areas showed on day 2 a decrease in rCBF, but 
27% showed rCBF increase. On day 7 only 2% of all areas presented 
with a reduction of rCBF and 37% with increased rCBF. 

Discussion 

The results indicate that rCBF is decreased in patients with cerebral 
tumors, accompanied by edema, which leads to tissue shift and mass dis
placement. rCBF reduction occurs not only on the tumor side but also 
on the contralateral side. There might be several reasons for this: 

1. transneural depression (which has not so far been described in brain 
tumors) 

2. generalized increase of ICP, as shown by different authors (2- ' 4 ) 
3. development of brain edema on the contralateral side. This was al-

most ruled out in this series by computer tomography. 

Since all but one patient only suffered from a tumor on one side of 
their brain and since both hemispheres presented with decreased flow 
the study clearly indicates the importance of treatment of the basic 
disease and its consequences, viz. brain edema and tissue displacements. 

rCBF started to increase from the second day on and was even higher on 
the seventh day of treatment. REULEN et al. (5) observed an increase 
of rCBF between 25.3 and 36.3 ml/100 g/min after five days of treat
ment using a daily dose of 24 mg dexamethasone. Since they performed 
their study with the intra-arterial Xenon 133 injection technique (as 
was usual during that period of rCBF-research) a third study between 
steady state and day 5 was largely impossible. 

Our results show that the increase of rCBF - probably due to removal 
of edema - does not appear before the second day of high dose therapy. 
This delayed increase of rCBF parallels the reduction of ICP (1) but 
is preceded by some clinical improvement and reduction of plateau 
waves (1). Therefore in patients with tumors and edema, blood flow 
in the brain seems to be mostly triggered by increased intracranial 
pressure. The rather early action of dexamethasone may well be due 
to mechanisms other than ICP and rCBF. 
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Fig. 1. Effect of dexamethasone (1 mg/kg/day) on cerebrospinal fluid 
pressure (CSFP) in a patient with glioblastoma multiforme. The curve 
reads from right to left. Twelve hours after start of treatment there 
is no significant reduction in the basic pressure, but there is re
duction in height and frequency of the pressure waves 
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Fig. 2. Protocol of the study. In group I rCBF was studied before start 
of dexamethasone treatment, on day 1 and 7. In group II CBF was studied 
before the start of treatment, on day 2 and 7 
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Fig. 3. Computer tomography before (left) and 24 hours after treatment 
(right) with 1 mg/kg/day dexamethasone. There is no significant change 
in the appearance of the edema. However, at the time of the second CT 
scan the patient was more awake and complained less about his headache 
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Fig. 4. Percentage of areas with significant rCBF-chage during dexa~eth
asone treatment. Each column represents the percentage amount of areas 
with rCBF-increase or rCBF-decrease of more than 15%. The rCBF of each 
area was compared to its own steady state value. Upper: group I (second 
CBF-measurement on day 1); lower: group II (second CBF-measurement on 
day 2) 
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Determination of the Effect of Dexamethasone on Peritumoral 
Brain Edema 

D.-P' Lim, W. J. Bock, and D. Reinhardt 
Neurochirurgische Universitatsklinik, Moorenstrasse 5, 0-4000 DUsseldorf 1 

Introduction 

Dexamethasone (Decadron) in various dosages is recommended nowadays 
allover the world for the basic treatment of zones of perifocal edema 
surrounding a tumor, cerebral infarction and traumatic cerebral oedema. 

Although this form of treatment is generally accepted, many points 
relating to the mechanism of action are still unclear. Investigations 
have been carried out in recent years into the binding of glucocorti
coids to specific receptors in the target cells. Detailed knowledge 
on the structure and function of the glucocorticoid receptors is fun
damental to the understanding of the mechanism of action of steroids 
on cerebral edema. A number of authors have already reported results 
in animal experiments dealing with these glucocorticoid receptors and 
on their significance for patients. 

Using radioimmunoassay, we have determined the tissue and serum levels 
of dexamethasone in 21 patients with brain tumors under treatment and 
carried out a correlation with the morphological changes in the computed 
tomogram. In addition, the catecholamines in the serum of six patients 
were measured. The object of the measurement was to construct dosage 
schedules and to obtain pharmacokinetic data. 

Materials and Method 

Twenty-one patients aged from 8 to 72 years (6 women and 15 men) with 
various types of cerebral tumors were examined and treated. There were 
seven with astrocytoma, of which two were in the posterior fossa, five 
with glioblastoma, two with oligodendroglioma, five with metastases, 
one of which was in the posterior fossa, one patient with a meningioma 
and one with a pineal tumor (only CSF examined). The procedure was al
ways in accordance with the following protocol: 3 x 8 mg were adminis
tered intravenously before operation (3 x 4 mg for children under 12 
years of age). During operation, a bolus intravenous injection of 40 mg 
was given (20 mg intravenously for children), and after the operation, 
4 x 8 mg intravenously for three days (children 4 mg), the dose being 
reduced to 3 x a mg per day on the fourth to the sixth day. In addition, 
infusion therapy was given which varied from patient to patient. This 
treatment was carried out in each case irrespective of the type of 
tumor and irrespective of the finding of manifest cerebral edema, 
(Tables 1 and 2). 
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Table 1 

Classification No. Sex Age 

Astrocytoma 7 6 ~ 8 to 72 
Glioblastoma 5 15 ~ 
Oligodendroglioma 2 
Metastasis 5 
Meningioma 1 
Pinealoma 1 

Total 21 

Table 2 

Dosage (intravenous) of dexamethasonea in brain tumor 

Adult 

Children 
under 12 years 

a Decadron 

Pre-operative 

3x8 mg/die 

3x4 mg/die 

Intra-operative 

40 mg (Bolus) 

20 mg (Bolus) 

Postoperative 
day 1.-3. 4.-7. 

4x8 mg 3x8 mg 

4x4 mg 3x4 mg 

The morphological changes in the computed tomogram served as the cri
terion for the duration of treatment with dexamethasone. Tissue samples 
for measuring the concentrations were collected during operation in the 
direct neighbourhood of the tumor. In one patient only a CSF investiga
tion was carried out. The serum samples were collected after 30 minutes, 
and after one, two, four and eight hours and on the first and second 
days after operation (Fig. 1). 

Stripped plasma treated with various concentrations of dexamethasone, 
and tissue and plasma of patients were treated with 3H-la belled dex
amethasone and then with the antibody. After an incubation time of 
more than 12 hours at a temperature of 4o C, charcoal separation was 
carried out, followed by measurement in a liquid scintillation counter. 

All patients were investigated by computed tomography before and after 
treatment. For the cerebral tumors, the extent of the edema zone re
lated to the diameter of the tumor was reported. Blood samples for 
determination of catecholamines were taken from a cubital vein before 
operation and two and 24 hours afterwards. The catecholamines were 
determined radioenzymically. 

Results 

The highest tissue concentrations found on determination of the peri
focal zones were in cases of metastases (39.5 ng/100 mg of tissue and 
27.59 ng/100 mg tissue). These patients already showed before operation 
a marked improvement in hemiparesis and the state of consciousness 
under dexamethasone treatment (3 x 8 mg/day). Under dexamethasone treat
ment there was already a regression of the perifocal cerebral edema in 
the computed tomogram before operation. The level in the perifocal 
edema zone of oligodendroglioma was 27 ng/100 mg of tissue. This figure 
was between 17 and 25 ng/100 mg of tissue for astrocytomas. The values 
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for glioblastoma showed no difference from the astrocytomas on average. 
For meningioma, there was a relatively low value of 17.5 ng/100 mg of 
tissue. After operation, there were clinical signs of a frontal psycho
syndrome, and the investigation by computed tomography showed morpho
logical signs of an increase in local swelling of the brain, for which 
reason a bolus intravenous administration of 40 mg of dexamethasone was 
again necessary. The patient recovered on the fourth day. On CT follow
up, the swelling of the brain was seen to have regressed in the region 
of the operation. Table 3 shows the levels of dexamethasone concen
tration in the tissue for various types of tumors. 

On bolus injection, the serum level is between 80 and 130 vg/dl, and 
is between 40 and 20 vg/dl after four to eight hours. As regards the 
pharmacokinetics and the therapeutic range of level in the serum, the 
results are shown in Table 4 and Figs. 2, 3 and 4. 

Table 4. Results 

No. a (1/H) i3 (1/H) Ta (H) TS (H) 

2 0.35 0.33 1.98 2.10 
3 13.69 0.092 0.05 7.53 
5 3.52 0.265 0.196 2.62 
6 0.98 0.105 0.71 6.6 

13 19.0 0.16 0.036 4.33 

-
5; 4.69 h; 2.39 ; Phase: 7.53 h· 2.10 h n = x = s = Max. I Min. 

The most important causes of cerebral edema are endogenous and exo
genous effects which may be recognised morphologically in the computed 
tomogram of the cranium. 

Twenty-one tumor patients showed varying extents of perifocal edema in 
the CT. After treatment with dexamethasone and operation, the rate of 
regression of the swelling varied. The regression of the zones of edema 
after giving dexamethasone was most marked with the metastases, less 
for glial tumors and the least for meningioma. In our patient, a morpho
logical improvement was seen in the CT after a repeat bolus injection 
(Fig. 5). 

Figure 6 shows the edema volume of brain tumor plotted against brain 
tissue concentration. 

The basal levels of catecholamines in the plasma of the tumor patients 
before operation were within the normal range: noradrenaline 198 + 24 
pg/ml of plasma (x + SEM) , adrenaline 44 + 13 pg/ml, n = 6. The plasma 
catecholamines were-raised after operation, noradrenaline 385 + 165 pg/ 
ml, adrenaline 91 + 25 pg/ml, n = 3. This is an observation whIch has 
also been made by BERGER et al., and HALTER and PFLUG. No decrease in 
the noradrenaline level was detected in our patients 24 hours after 
operation, but there was a drop in the adrenaline level into the range 
of the concentration before operation, noradrenaline 363 + 106, adren
aline 46 + 18 pg/ml, n = 3 (Fig. 7). 

Discussion 

According to the correlation of the computed tomography findings and 
the determination of the level of dexamethasone in tissue, the best 
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results on edema treatment are achieved with metastases, less good in 
glial tumors and least good for meningiomas. On determination of the 
basal catecholamine level in the plasma, there was no substantial dif
ference between patients with and those without dexamethasone treat
ment in our small number of patients. According to our pharmakokinetic 
investigation, the half-life of dexamethasone is 4.69 hours. After a 
bolus injection, a maintenance dose of 8 mg 4 to 6x per day in the first 
six days is recommended, in order to keep the dexamethasone concentra
tion in the tissue at the same level for this period. The variable res
ponse of various types of tumor to dexamethasone may be explained by 
specific factors which are probably responsible for the opening of the 
membrane of the blood-brain barrier and intercellular electrolyte ex
change. 

It is possible with tumors to differentiate between the characteristics 
of an early and a late cerebral edema. The early edema develops as a 
result of the sudden occurrence of hypoxia with an increase in the per
meability of the plasma membrane. The consequence is an initial accumu
lation of intracellular water associated with a decrease in the inter
cellular space, but without there being any clear signs of damage to 
the blood-brain barrier. The tight endothelial junctions of the vessels 
are still retained. 

It is possible in this type of situation that dexamethasone is more 
effective, for example, for metastases with rapidly increasing cere
bral edema than for more slowly growing meningioma (late edema). Our 
results on the determination of the levels of dexamethasone in tissue 
are consistent with this. 
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Cerebral Oxygen Tension and Microcirculation in Barbiturate Treatment. 
An Experimental Investigation 
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Introduction 

The results of barbiturate treatment after acute brain injury are en
couraging. To elucidate the mechanism of barbiturate action, direct 
measurement of oxygen pressure in tissue (tp02) offers new possibili
ties. Neither the venous p02 nor the arterio-venous p02 difference 
are reliable values for the determination of brain oxygenation (6, 7). 
Only the measurement of tp02 in situ and the calculation of p02-histo
grams provides a good estimate of tissue oxygen supply. Therefore we 
used an eight channel surface-microelectrode (produced by Eschweiler, 
Kiel) (i). Looking at the rates of 02 disappearance, after an ex
ternally induced total arrest of cerebral blood flow, allows direct 
conclusions to be drawn regarding the 02 metabolism (9). Moreover, 
with the help of a H2 clearance technique a simultaneous determination 
of local cerebral blood flow becomes possible (~, 12). 

Methods 

02/H2 Electrode 

The 02 electrode consists of a reference electrode, made of Ag/AgCl, 
about 4 mm in diameter. In its centre Pt-wires, each 15 ~m thick, are 
encased. A 12 ~m teflon membrane separates the electrode surface from 
the tissue. A solution of KCl fills the space underneath the membrane. 
With the Pt-wires set to a voltage of 750 mV oxygen is transformed to 
OH-. The current generated, measured by specially developed electronics, 
is proportional to the actual p02' By changing the voltage, it should 
be possible to measure H2 with the same electrode, but as the resulting 
current of 0.5 pA/kPa is 100 times lower than in the case of 02' the 
measurement is affected by many disturbances. For that reason we use 
another electrode with four 15 ~m Pt-wires for measurement of p02' 
four 100 ~m thick Pt-wires for H2 measurements and a third 200 ~m thick 
Pt-wire, that can be used as fifth H2 electrode or, without a membrane, 
as H2 generator for the combined 02/H2 determination (~, 12). 

Animals and Experiments 

We use male SPD rats weighing 250 to 400 g. They are anesthetised with 
320 mg/kg Ketamine-HCl or 65 mg/kg Na-Pentobarbital, and breathe spon
taneously. A standardized brain injury is produced by focal freezing, 
as described previously (1,2)' Twenty-four hours later, the rats are 
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trepanned between the coronal, sagittal and lambdoid sutures. P0 2 his
tograms are then determined under normoxic (21% 02) and hyperoxic 
(100% 02) conditions, outside the' necrosis. For subsequent recording 
of the 02 disappearance rate, the blood flow to the brain is huddenly 
stopped by a cuff, fixed around the neck of the animal, that is blown 
up to 55 kPa within one second. This experiment is carried out under 
hyperoxic conditions. 

EEG and ECG were recorded in some animals. From the acquired data, in
cluding atmospheric pressure, temperature of rat and gauging fluid 
and a calibration program before and after each measurement, the com
puter (IN 110) calculates the p02-histograms, 02 disappearance rates 
and their first derivations, as well as all statistical values and 
displays the results as a graphic and a numerical print-out (~). 

The H2 clearance measurements start with the rats breathing a mixture 
of 8% H2, 20% 02 and 72% N2 . After saturation of the tissue with hydro
gen the gas mixture is changed to air and the half-life (tl/2) of H2 is 
determined (Fig. 4a, b). 

Results 

Regarding normal brain and normoxia the pOz-histograms are normal and 
show only minor differences in narcosis (Flg. la, b). Breathing of 
100% 02 shifts the p02-histogram to the right (5). During Ketanest 
anesthesia, this shift is significantly (p < 0.01) less pronounced 
than with Na-Pentobarbital (Fig. lc, d). The fall in 02 pressure during 
complete ischemia (a direct measure of the momentary, regional 02 con
sumption (9)) is significantly steeper (p < 0.01) under Ketanest an
esthesia than under Na-Pentobarbital (Fig. 3a, b). The CBF measure
ment with the H2 clearance technique shows a 30% shorter tl/2 under 
Ketanest than under Na-Pentobarbital (Fig. 4a, b). 

Compared to normal rats the traumatized animals exhibit a significant 
(p < 0.01) right shift of their p02-histograms. It means that areas 
with a low tp02 decrease and areas with a high tp02 increase. This 
right shift is less pronounced under Ketanest (Fig. 2a, b). The 02 
disappearance rates after complete ischemia indicate a significantly 
(p < 0.01) lower 02 utilization in the traumatized brains. Whereas 
in traumatized animal it is impossible to demonstrate regions with 
normal 02 utilization under Ketanest anesthesia, this is at least 
partially possible with Na-Pentobarbital anesthetised rats (Fig. 3c,d). 

Discussion 

Our results demonstrate, that Ketanest increases 02 metabolism of the 
brain. Under normal conditions the 02 supply to the brain is not com
promised, as the increased metabolism is compensated by a higher blood 
flow. After complete cerebral ischemia the amount of 02 is more rapid
ly diminished under Ketanest, because of the higher meeabolism even 
in the healthy brain. This is demonstrated by the steeper course of 
the 02 disappearance curves in our cuff experiments (Fig. 3a, b). 

After cold brain injury, a well-known technique for producing trauma
tic, vasogenic edema (1, 1), a shift of the p02-histograms to the right 
and low oxygen disappearance rates after total ischemia indicate di
minished 02 utilization. This could be the result of a primary dis
turbance of aerobic glycolysis. Thus 02 availability in traumatized 
brain tissue is not diminished, at least as long as intracranial 
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pressure is normal. The p02-histograms together with the cuff experi
ments show that barbiturate treatment after acute brain injury pro
tects the metabolism in the injured tissue at least partially, while 
the metabolism of the normal areas is diminished. 

From these results one may argue against the therapeutic use of hyper
baric oxygen (4) for treating brain injury, as the 02 availability 
is not diminished. We suppose that the right shift of the p02-histo
gram demonstrates an essential difference of this primary vasogenic 
edema compared with an ischemic edema. According to our first H2 mea
surements, a simultaneous record of local cerebral blood flow will im
prove the capabilities of this dynamic method of investigation. 

Summary 

The aim of our experiments is to obtain information about 02-pressure
gradients, 02 utilization and local cerebral blood flow in normal and 
injured brains. Therefore the experiments are carried out using polaro
graphic micromethods. Compared to Na-Pentobarbital, 02 metabolism in 
the healthy brain is significantly decreased by barbiturate. In vaso
genic edema a right shift of the p02-histogram is seen and 02 dis
appearance after acute total cerebral circulatory arrest is retarded. 
This means that 02 utilization is impaired in vasogenic brain edema, 
perhaps by a primary disturbance of the aerobic 02 metabolism. Contrary 
to the use of Ketanest the 02 metabolism is partly preserved with Na
Pentobarbital. The simultaneous measurements of local cerebral blood 
flow using H2 clearance technique considerably increases the capabili
ties of this dynamic technique for further investigation of pathophy
siological and therapeutical concepts in brain edema. 
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Barbiturate Effect on Intracranial Pressure After Experimental 
Cold Lesions 

D. Stolke, U. Kunz, and H. Dietz 
Neurochirurgische Klinik der Medizinischen Hochschule Hannover, Karl-Wiechert-Allee 9, 
D-3000 Hannover 61 

Within recent years many reports have been published dealing with the 
beneficial influence of barbiturates in experimental and clinical 
ischemic cerebral injuries when administered before, during or shortly 
after the onset of the ischemic or traumatic event (1, 2, 6, 7, 12, 
14-1 6, .?..!). - - - - -

These protective properties were explained as being primarily a con
sequence of reduction in cerebral metabolic rate, of a decrease of 
cerebral blood flow and oxygen consumption (3, 5, 12-14, 15). Our own 
studies produced results which demonstrated that barbiturates are able 
to stabilize lysosomal membranes in experimental cold lesions (18-20). 
MARSHALL et al. (9-11) reported a decrease of ICP in severely brain 
injured patients when given barbiturate therapy. We added, to explain 
this effect, the stabilizing effect of the barbiturates on subcellular 
membranes. This effect was regarded as a barrier against a spreading 
brain edema and therefore an increasing ICP. 

As we had always seen a decrease in systemic blood pressure (SBP) in 
severely brain injured patients using barbiturates clinically we did 
the following experimental study. 

Material and Methods 

We had two experimental groups of ten cats each of 2 1/2 - 4 kg body 
weight. The first group was anesthetised by 30 mg/kg body weight, the 
second by thiopental (60 mg/kg body weight) . 

·Half of this dose per hour was given intravenously over the total ex
perimental period of four hours. The cats were relaxed and under con
trolled ventilation. 

A cryogenic lesion was made, through a burr hole onto the intact dura 
mater, according to the KLATZO method (8). The right parietal lobe 
was cooled down to -700 C for 45 seconds. A Statham element was placed 
directly onto the frozen area. The bone defect around the element 
was closed by dental cement. 

Intracranial pressure (ICP) and systemic blood pressure (SBP) were ob
served and recorded over a four hour period. 
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Results 

From the beginning until the end of the experimental period the SBP 
of the animals under ketamine anesthesia is significantly higher 
(about 100 - 125 mm Hg) than that of the cats under thiopental anes
thesia (about 70 - 90 mm Hg) . 

rn both groups SBP is higher at the beginning and decreases slightly 
towards the end of the period (Fig. 1). 

During the whole period rcp shows a more pronounced increase and re
mains higher in the ketamine group compared with the animals under 
thiopental anesthesia (Fig. 2). 

The statistical analysis reveals a very significant close correlation 
between rcp and SBP in both groups but on different levels (Figs. 3 
and 4). 

Conclusions 

Regarding the close correlation between rcp and SBP we have to return 
to KLATZO's results which say that developing brain edema spreads in 
close correlation to SBP, i.e. the higher the SBP the more extensive 
the brain edema. rcp is expected to increase with the spread of the 
brain edema. 

But rcp is not to be regarded as purely dependent on blood pressure. 
CLUBB and co-workers (4) studied rcp under hypotension with sodium 
nitroprusside. They recorded no decrease of rcp - but on the contrary 
a definite increase. Nitroprusside was regarded as a cerebral vaso
dilator and was therefore contra-indicated in cases of brain edema 
and space-occupying lesions. 

The beneficial effect of barbiturates on rcp observed in our experi
mental studies is explained by the reduction in cerebral metabolic 
rate, in the decrease of oxygen consumption, in the decrease of cere
bral blood flow as reported by other authors and by the membrane 
stabilizing effect on lysosomal organelles as reported in our own 
studies. Only these additional effects make possible the beneficial 
correlation of SBP and rcp in severely brain injured patients under 
the influence of barbiturates. 

References 

1. Bleyaert, A.L., Nemoto, E.M., Safar, P., Stezoski, S.W., Mossy, J., 
Rao, G.R., Micekll, J.: Thiopental amelioration of postischemic 
encephalopathy in monkeys. Acta Neurol. Scand. 56, Suppl. 64, 144-
145 (1977) -

2. Breivik, H., Fabritius, R., Lind, B., Lust, P., Mullie, A., Orr, 
M., Renck, H., Safar, P., Snyder, J.: Brain resuscitation; clinical 
feasibility trials with barbiturates. Crit. Care Med. ~, 93 (1978) 

3. Cucchiara, R.F., Michenfelder, J.D.: The effect of interruption of 
the reticular activations system on metabolism in canine cerebral 
hemisphere before and after thiopental. Anesthesiol. 39, 3-12 
(1973) -

4. Clubb, R.J., Maxwell, R.E., Chou, S.N.: Experimental brain injury 
in the dog. The pharmacological effects of pentobarbital and sodium 
nitroprusside. J. Neurosurg. ~, 189-196 (1980) 

332 



5. Fink, B.R., Haschke, R.H.: Anesthetic effects on cerebral metabo
lism. Anesthesiology 12., 199-215 (1972) 

6. Hoff, J.-T., Pitts, L.H., Spetzler, R., Wislon, C.B.: Barbiturates 
for protection from cerebral ischemia in aneurysm surgery. Acta 
Neurol. Scand. ~, Suppl. 64, 158-159 (1977) 

7. Hoff, J.~T., Smith, A.L., Hankinson, H.L., Nielson, S.L.: Barbi
turate protection from cerebral infarction in primates. Stroke ~, 
28-33 (1975) 

8. Klatzo, J., Wisniewsky, H., Steinwall, 0., Streicher, E.: Dynamics 
of cold injury. In: Brain edema. J. Klatzo (ed.), pp. 554-563. 
Berlin, Heidelberg, New York: Springer 1967 

9. Marshall, L.F., Bruce, D.A., Bruno, L., Schut, L.: Role of intra
cranial pressure monitoring and barbiturate therapy in malignant 
intracranial hypertension. J. Neurosurg. il, 481-484 (1977) 

10. Marshall, L.F., Shapiro, H.M.: Barbiturate control of intracranial 
hypertension in head injury and other conditions: iatrogenic coma. 
Acta Neurol. Scand. ~, 157-157 (1977) 

11. Marshall, L.F., Shapiro, H.M., Smith, R.W.: Barbiturate treatment 
of intracranial hypertensive states. In: Neural trauma. Popp, A.J., 
Bourke, R.S., Nelson, L.A., Kirnrnelberg, H.K. (eds.), pp. 347-351. 
New York: Raven Press 1979 

12. Michenfelder, J.D., Theye, R.A.: Cerebral protection by thiopental 
during hypoxia. Anesthesiology 12., 510-517 (1973) 

13. Nemoto, E.M., Kofke, W.A., Wessler, P., Hossmann, K.A., Stezoski, 
W.S:, Safar, P.: Studies on the pathogenesis of ischemic brain 
damage and the mechanism of its amelioration by thiopental. Acta 
Neurol. Scand. ~, 142-143 (1977) 

14. Nilson, L.: The influence of barbiturate anesthesia upon energy 
state and upon acid-base parameters of the brain in arterial hypo
tension and in asphyxia. Acta Neurol. Scand. il, 233-253 (1971) 

15. Nordstrom, C.-H., Calderini, G., Rehncrona, S., Siesjo, B.K.: 
Effects of pentobarbital anesthesia on post-ischemic cerebral 
blood flow and oxygen consumption in the rat. Acta Neurol. Scand. 
~, Suppl. 64, 146-147 (1977) 

16. Simeone, F.A., Frazer, G., Lawner, B.S., Lawner, P.: Ischemic brain 
edema, comparative effects of barbiturates and hypothermia. Stroke 
lQ, 8-12 (1979) 

17. Smith, A.L., Hoff, J.T., Nielson, S.L., Larson, P.: Barbiturate 
protection in acute focal ischemia. Stroke 2' 1-7 (1974) 

18. Stolke, D., Dietz, H.: Membrane stability. Changes of subcell~lar 
organelles after barbiturate treatment. In: Advances in Neuro
surgery, Vol. 9. Schiefer, \'1., Klinger, M., Brock, M. (eds.), pp. 
331-337. Berlin, Heidelberg, New York: Springer 1981 

19. Stolke, D., Dietz, H.: Barbiturate influence on subcellular or
ganelles in experimental cold lesion. Advances in Neurosurgery, 
Vol. 10. Driesen, W., Brock, M., Klinger, H. (eds.), pp. 259-265. 
Berlin, Heidelberg, New York: Springer 1982 

20. Stolke, D., Seidel, B.U., Hartmann, N.: Barbiturate treatment and 
membrane stability of subcellular organelles. Anaesthesist 29, 
539-541 (1980) -

21. Yatsu, F.U., Diamond, J., Graziano, C., Lindquist, P.: Experimental 
brain ischemia; protecting from irreversible damage with a rapid
acting barbiturate (Methohexital). Stroke l, 726-732 (1972) 

333 



SBP[ mm Hg) 

150 

5 

o 30 60 
0--0 KETAMINE 
_ THIOPENTAL 

90 120 

1 

150 180 210 240 
6 t [min] 

Fig. 1. Course of systemic blood pressure (SBP) over the experimental 
period. Comparison of animals with ketamine and thiopental anesthesia 

ICP [ mm Hg I 

10 

5 

l I 
1 

o ~ ____ ~n~.s~. ______ ~ ____ ~n~.~s.~ ____ ~ ______ ~ ______ ~ ______ ~~ ______ ~~ 
90 120 150 180 30 60 210 240 

0--0 KETAMINE 6 t [min I 
-- THIOPENTAL 

Fig. 2. Course of intracranial pressure (rCP) over the experimental 
period. Comparison of the animals with ketamine and thiopental anes
thesia 

334 



Fig. 

ICP [mm Hg] 
15 

5 

0 
20 

3. Correlation of 

ICP [mm Hg] 
15 

5 

• • • • • • • • • • • • • • • • • • • 

• • • 
• 

40 

rcp and 

• 
• • 

• • • • • • • • 
• • • • 

• • • • • • • • • • • • • • • • 
• • 
• • • • • . 60 . 
• 

SBP under 

• 

• 
• 

• • • • • • 

• • • • • • • • • 
• • 
• 
• 
• 

• • • • • • • 
• • • • 

• • • • • 
SSP [mm HgJ 

80 100 120 140 

thiopental anesthesia 

• • • • • • • • • • • • • • • • • • • • • • 

• • • 
• • • • • • • • • • 

• • • • • • • • • 
• • • • • • • • • • • 

SSP [mm Hg ) 
O L-----~-----r----~r_----~-----r------r-~~~-= 

80 100 120 140 20 40 60 

Fig. 4. Correlation of rcp and SBP under ketamine anesthesia. Compari
son of Fig. 3 and Fig. 4 reveals the shifting of the values to a higher 
(Fig. 4) and lower level (Fig. 3) 

335 



Does Barbiturate "Mono-Therapy" Favorably Influence Brain Survival 
After Traumatic Coma? 

P. Sehested, O. Fedders, M. Tange, and J. Overgaard* 
Department of Neurological Surgery, Odense University Hospital, DK-5000 Odense C 

Introduction 

Increasing evidence suggesting possible brain protecting properties 
of barbiturates has accumulated over the past 10 to 15 years (5, 9, 
10, 12, 14, 15). In 1970 OVERGAARD et al. (12) recommended the-use 
of phenobarbitone together with hyperventilation in the early manage
ment of patients with severe head injuries. The object of treatment 
was to prevent or reduce brain edema. Based on the observation, that 
the short acting thiopental could abruptly reduce elevated intra
cranial pressure (ICP) during anesthesia (14), SHAPIRO et al. employed 
barbiturates and hypothermia to reduce increased ICP in five critical
ly ill patients in whom unexpected neurological recoveries occurred 
(15). Other investigators have since confirmed, that thiopental is 
useful in reducing ICP in intensive care patients (5). Further results 
from the San Diego group concerning the ICP-reducing effect of short 
acting barbiturates have recently been reported (9, 10). Treatment 
resulted in a higher than expected rate of good quality survival, how
ever, in addition to barbiturates, the patients were also aggressively 
treated with high doses of steroids and mannitol. 

The approach of the present study is quite different from recent re
ports and deals with treatment by barbiturates alone. The object was 
to examine the effect upon outcome of phenobarbital, when sedative 
doses were given to patients in traumatic coma. 

Material and Methods 

This study was carried out on a total of 143 patients with severe head 
injury admitted during the years 1977 and 1978. All patients were alive 
on admission and fulfilled the criteria of traumatic coma (16). None 
of the patients have been excluded from the study. Male to female ratio 
was 2.3 to 1, and the median age was 18 years (range: 1 to 85 years; 
interquartile range: 10 to 48 years). Fifty-four per cent were one to 
20 years old and 65% were younger than 30 years of age. There were 82% 
who were transferred from 15 different local hospitals. The majority 
of the patients (83%) arrived at the Neurosurgical Department within 
six hours of the injury. Approximately one-third (35%) arrived less 
than two hours after the injury. 

*The authors acknowledge the valuable discussions with SHARON A. BOWERS, 
M. Sc. and Professor LAWRENCE F. MARSHALL, M.D. of The San Diego Head 
Injury Study Group 
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Forty per cent had focal, surgical lesions, that were promptly treated, 
while the remainder had diffuse brain lesions or contusions. Apart 
from surgery, routine general therapeutic measures were: 

1. Endotracheal intubation plus controlled ventilation to moderately 
hypocapnic levels; 

2. Sedative doses of slowly eliminated barbiturate (phenobarbitone 
phenemal) ; 

3. External drainage of ventricular cerebrospinal fluid; and 
4. No steroids or osmotic diuretics. 

Phenobarbitone was given for sedation, primarily for elimination of 
abnormal motor activity, especially extensor and spastic flexion re
sponses. Individual doses were 100 to 200 mg. Rapid bolus injections 
were never given, and phenobarbitone administration was not related 
to raised ICP. The members of staff were free to make their own choice 
whether or not to give barbiturates. We are therefore not reporting 
a randomized study of barbiturate in head injury. Different dosage 
levels of phenobarbitone were decided in two periods, i.e. within 24 
hours and within seven days of the injury. Serum levels of pheno
barbitone were estimated in the same periods. 

Conditions Tested for Barbiturate Effect 

The effect of barbiturate treatment was tested against the early deaths 
related to primary brain injury which occurred within the first 30 days 
after injury. Mortality rates were determined in the two periods men
tioned above and according to the treatment given, i.e. with or without 
phenobarbitone. Thus, testing for differences in mortality rates be
tween treatments and periods was the fundamental principle of the 
statistical analysis. The approach was supported by the fact, that the 
population, according to survival rates (Fig. 1), was almost stable 
after the first week of injury, with 100 of the patients still alive. 

Recognizing that several factors influence the outcome, patients have 
been distributed according to: coma score on arrival, age, and type of 
cranio-cerebral injury. Analysis has shown, that appropriate subgroups 
were: 

1. Coma score 3 to 4, 5 to 7, and 8; 
2. Age ~ 20 years, and age >20 years; and 
3. Diffuse brain lesions or contusions, and focal, surgical lesions. 

Therefore, patients could be arranged hierarchically in different 
prognostic groups according to the treatment given. 

Statistics 

Differences between subgroups of the three prognostic factors, distrib
uted according to treatments, were tested by the x2-test. Early, i.e. 
within 30-days, mortality rates were calculated in each subgroup, and 
for each of the three factors influencing outcome, a comprehensive 
statistic was used to test for differences in mortality rates between 
treatments. For these statistics, Cochran's test was chosen. In this 
test, differences in mortality rates between subgroups were pooled in 
form of a weighted mean with the property, that more weight was given 
EO su!:?groups with larger numbers. The calculated critical ratio: 
djSE(d), is approximately a standardized normal deviate (or its square 
a X2-deviate with 1 df) (1). 
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In addition, differences in subgroup-mortality between treatments have 
been tested by a X2-test, allowing a direct comparison of mortality 
rates in patients with the same prognostic features. The strength of 
relationship was m8asured as the differences of percentages. The inter
pretation is straightforward. Thus, the differences of differences of 
percentages between the two 'periods' indicates whether the relation
ship increases or decreases in strength, or, whether the direction of 
the differences obtained in this way is uniform or not (~). 

The same procedure was adopted in testing the influence of treatment 
upon outcome. It was found appropriate to condense the five outcome 
groups (12) into two broad categories: 

1. Recovery = good recovery + slight deficits; and 
2. Non-recovery = severe deficits + dead. 

All tests used are two-tailed with a probability level less than 5% 
(p < 0.05) taken as significant. 

Results 

Deaths related to the primary brain injury, which occurred within the 
first month after injury, were 30%. In June 1981, approximately 3 1/2 
years after injury, the patients were re-examined and classified into 
five outcome groups according to the method of OVERGAARD et al., (13). 
This approach is not fully comparable to JENNETT and BOND's outcome
scale (7). At follow-up examination 27% had made a good recovery, 13% 
had slight deficits, 23% had severe deficits, and the mortality rate 
had increased to 37%. None were vegetative (Fig. 2). 

In addition to general principles for intensive care of comatose head 
injured patients, 114 (80%) were treated with various amounts of pheno
barbitone within 24 hours of the injury, whereas 29 (20%) were given 
no barbiturates. Only four patients exceeded a total of 1000 mg pheno
barbitone. Table 1 shows the mortality rates at different levels of 
barbiturate medication. There were no differences in mortality between 
different dosage levels in the treated group (X 2 = 1.37, df = 2, p>0.5). 
When medication was tested against no medication, a significantly 
higher mortality rate was found among the latter (X2 = 23.90, df = 1, 
P < 0.001). 

The number of patients who were being treated increased during the 
first week to 120 (84%). Among these patients, 88 (73%) were given 
more than 1000 mg phenobarbitone. Mortality rates varied considerably 
among the different dosage levels, being 8 - 14% in patients receiving 
1000 to 3000 mg phenobarbitone against 34 - 35% in patients outside 
this dosage level. These percentages are significantly different 
(X 2 = 10.04, df = 3, P < 0.02). By contrast, the mortality rate in 
the non-treated group was 78%, which was significantly higher than 
in the treated group (X2 = 27.60, df = 1, P < 0.001). 

In 90 (75%) of the 120 patients who were treated, serum-phenobarbitone 
levels were measured on day 7. Serum-levels higher than 25 mg/l were 
found in 63 (70%) of these patients. There were no differences in mor
tality rates between groups with measurable serum-levels (X 2 = 2.73, 
df = 2, P > 0.1). 

Table 2 lists subgroup-distributions of the three prognostic factors 
as well as the mortality rates within the subgroups. Additional dis
tinctions have been made between treatments and 'periods'. Within 
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Table 1. Patients and mortality rates distributed according to dif
ferent dosage-levels and serum-levels of phenobarbitone. Distributions 
of dosage-levels and their associated mortality rates are listed in 
2 'periods', i.e. within 24 hours and within 7 days of the injury, 
whereas different serum-levels plus mortality rates were determined 
approximately at day 7. Figures in brackets are 95% confidence limits 

Dosage-levels, 
Serum-levels, 
and periods 

Phenobarbital 0 - 24 hours 

Phenobarbital 0 mg 
Phenobarbital 1 - 500 mg 
Phenobarbital 501 - 1000 mg 
Phenobarbital > 1001 mg 

Phenobarbital 0 - 7 days 

Phenobarbital 0 mg 
Phenobarbital 1 - 1000 mg 
Phenobarbital 1001 - 2000 mg 
Phenobarbital 2001 - 3000 mg 
Phenobarbital > 3001 mg 

Serum-phenobarbital o - 7 days 

No phenobarbital 
Serum-phenobarbital not analyzed 
Serum-phenobarbital o - 25 mg/l 
Serum-phenobarbital 25 - 50 mg/l 
Serum-phenobarbital > 50 mg/l 

No. of 
cases 

29 
76 
34 

4 

23 
32 
35 
36 
17 

23 
30 
27 
46 
17 

Dead 
No. % 

20 69 
17 22 

6 18 
0 0 

18 78 
11 34 

5 14 
3 8 
6 35 

18 78 
12 40 

5 19 
4 9 
4 24 

(49 - 85) 
(14 - 33) 
( 7 - 35) 
( 0 - 60) 

(56 - 93) 
(19 - 53) 
( 5 - 30) 
( 2 - 22) 
(14 - 62) 

(56 - 93) 
(23 - 59) 
( 6 - 38) 
( 2 - 21) 
( 7 - 50) 

24 hours of the injury, a significantly higher proportion of adverse 
prognostic features was found among coma scores (X 2 = 17.36, df = 2, 
p < 0.001) and age-groups (X 2 = 5.45, df = 1, p < 0.02). Only traumatic 
pathology was equally distributed between treatments (X 2 = 2.14, df = 1 , 
p > 0.1). Taking this skewness of subgroup-distributions into consider
ation, mortality rates were significant lower among treated patients 
(coma-scores: d/SE(d) = 3.17, p < 0.002; age-groups: d/SE(d) = 4.62, 
p < 0.001; and traumatic pathology: d/SE(d) = 4.91, p < 0.001). 

At day 7 the only subgroup-distribution showing a significant differ
ence between treatments, was the distribution of coma scores (X 2 = 
21.22, df = 2, p < 0.001). Mortality rates, however, showed differences 
between treatments at the same levels as for the first 24 hours (coma
scores: d/SE(d) = 3.24, p_< 0.Q02; age-groups: d/SE(d) = 5.13,p<0.001; 
and traumatic pathology: ~/SE(d) = 5.50, p < 0.001). 

Table 3 shows the results of subgroup analysis, patients with the same 
prognostic features being tested for differences in mortality rates 
according to the treatment given. Only significant relationships, 
which all are in favour of phenobarbitone treatment, are shown. Fur
thermore, a comparison of 'periods' reveals, that the differences of 
differences of percentages ranged from -4% to +16%. With the exception 
of coma score 3 to 4, they were all positive, indicating an increase, 
during the first week, in strength of the relationships between sur
vival and phenobarbitone administration. A positive relationship be
tween phenobarbitone treatment and recovery of brain function was also 
found, although a slight decrease in the strength at day 7 was observed. 
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Table 2. The three factors influencing outcome - coma score on arrival, 
age, and traumatic pathology - distributed into subgroups and mortality 
rates within subgroups. Additional distinctions have been made between 
treatments and periods. The contracted outcome groups, i.e. recovery ~ 

good recovery + slight deficits; and non-recovery ~ severe deficits + 
dead, have likewise been distributed between treatments and 'periods' 

Subgroups, outcomes, 
and groups (post-injury) 

Phenobarbital 0-24 hours 

Coma scores 3 - 4 
5 - 7 
8 

Age groups < 20 years 
> 20 years 

Traumatic pathology 

Contusions 
Focal lesions 

Outcome groups 

Recovery 
Non-recovery 

Phenobarbital 0-7 days 

Coma scores 3 - 4 
5 - 7 
8 

Age groups '£ 20 years 
> 20 years 

Traumatic pathology 

Contusions 
Focal lesions 

Outcome groups 

Recovery 
Non-recovery 

Discussion 

Treatment 
No. of Dead 
cases No. % 

28 14 50 
72 9 13 
14 0 0 

67 8 12 
47 15 32 

72 10 14 
42 13 31 

54 
60 

30 16 53 
75 9 12 
1 5 0 0 

67 8 12 
53 17 32 

73 10 14 
47 15 32 

54 
66 

No Treatment 
No. of Dead 
cases No. % 

1 9 18 95 
9 2 22 
1 o 0 

10 7 70 
1 9 13 68 

14 10 71 
15 10 67 

3 
26 

17 16 94 
6 2 33 
0 o 0 

10 7 70 
13 11 85 

13 10 77 
10 8 80 

3 
20 

The object of this study was to examine whether or not pharmacological 
monotherapy with sedative doses of the slowly eliminated phenobarbitone 
influenced outcome after traumatic coma. Evidence suggests a favorable 
effect of treatment upon both survival and recovery of brain function. 
Not only had treated patients a higher survival rate than non-treated 
patients with similar prognostic features, but the strength of relation
ship between treatment and survival increased almost uniformly during 
the first week after injury, where most of the deaths related to the 
primary brain injury had occurred. The increase however is slight sug
gesting that the additional advantage of starting barbiturate treat
ment beyond the first 24 hours after injury is relatively small. The 
stability of the population at day 7 indicates, that phenobarbitone 
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had also a positive effect upon recovery of brain function. It is in 
fact possible at this point to predict final outcome groupings with a 
high degree of confidence (12). 

It was not possible to ascertain, whether the lowered mortality among 
treated patients was dose dependent, although significantly fewer 
deaths occurred among patients receiving 1000 to 3000 mg phenobarbitone 
during the first week after injury. 

At present, no randomized clinical trial concerning barbiturate therapy 
in severely brain injured patients has been published. A recent report 
from San Diego (10) suggest that short-acting barbiturates administered, 
if the ICP was uncontrollably raised using conventional treatment, re
sulted in an unexpectedly high rate of good quality survival. Their 
approach was quite different from that in the present study; high doses 
of the short-acting pentobarbital were employed after aggressive therapy 
with hyperventilation, steroids and mannitol with the aim of lowering 
a critically high ICP had been unsuccessful. Our use of phenobarbitone 
in moderate doses was not related to raised ICP, and neither steroids 
nor mannitol were given. Thus, apart from general therapeutic measures 
for intensive care of comatose head injured patients, phenobarbitone 
was the only pharmacological means employed for the purpose of brain 
protection. In our opinion, mannitol has dangerous side effects, and 
troubles in controlling increased ICP after its overuse have been 
reported (i). 

There are no indications available in our data about the possible bene
ficial mechanisms of phenobarbitone treatment. However it is known, 
that most of the reduction in cerebral metabolism caused by barbiturates 
occurs at low doses and prior to marked suppression of spontaneous cor
tical electrical activity (11). The early administration of phenobarbi
tone could therefore protec~the brain by a reduction of its energy 
requirements. Anyhow, it would be difficult to explain why treated 
patients had a lower mortality rate than non-treated patients with 
similar characteristics, without postulating some brain protecting 
properties of sedative doses of phenobarbitone. 

The distribution of final outcome groups is in accordance with results 
published from other centers (2, 4, 6, 8). This finding suggests, that 
similar results can be obtained wIthout-the use of steroids and mannitol. 

Conclusion 

This study reveals that moderate doses of phenobarbitone were positively 
related to survival and recovery of brain function in the early manage
ment of comatose head-injured patients. It also suggests that steroids 
and mannitol can be done without, as the total outcome distribution in 
this series was not different from other recent studies of comparable 
patients. Considering this, future randomized clinical trials dealing 
with barbiturate therapy of comatose brain-injured patients, could then 
be studies of pharmacological monotherapy and therefore less confusing. 

Summary 

Influencing the outcome after severe head injury by means of medical 
treatment is still controversial. During the years 1977 and 1978 143 
patients were admitted, all of whom on arrival fulfilled the criteria 
of traumatic coma. Median age was 18 years (range: 1 to 85 years). 
Forty per cent had focal, surgical lesions which were promptly treated. 
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In June 1981 the patients were re-examined and final outcome grouping 
assessed. Principles of general treatment were: 

1. Endotracheal intubation and moderate hyperventilation; 
2. Sedative doses of a slowly eliminated barbiturate (phenobarbitone 

= phenemal); 
3. External drainage of ventricular cerebrospinal fluid; and 
4. No steroids or osmotic diuretics. 

The effect of treatment upon outcome was examined according to dis
tributions of prognostic features - coma score on admission, age, and 
traumatic pathology - in two different periods, i.e. within 24 hours 
and within 7 days after the injury. Our findings show, that treatment 
with sedative doses of phenobarbitone was significantly related to 
both survival, and to recovery of brain function. Furthermore, the 
strength of relationship regarding survival increased during the first 
week of injury. Significantly fewer deaths occurred in patients re
ceiving 1000 to 3000 mg phenobarbitone within the seven days after 
injury. 
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Caloric Stimulation Pattern in Traumatic Coma and Some 
rCBF Changed Induced by Caloric Vestibular Stimulation 

U. Sch0nsted-Madsen, G. Fogstrup, J. Overgaard, and T. Rosendal 
Department of Neurological Surgery, Odense University Hospital, DK-5000 Odense C 

Introduction 

Oculo-vestibular reflexes can be elicited in the comatose by caloric 
stimulation with ice-cold water. As early as 1910 ROSENFELDT (11) con
cluded that the type of reaction was a measure of the depth of -Coma. 
In 1952 KLINGON (5) investigated brain stem vascular disorders, in 
1958 ETHELBERG and VERNET (13) studied supratentorial intracranial 
tumors and in 1962 BLEGVAD TT) wrote on barbiturate intoxication and 
oculo-vestibular reflexes. Head injured patients were studied in 1972 
by ZILSTORFF and POULSEN (10). BLEGVAD as well as the two last men
tioned authors did their studies with water at 300 c. 

In this communication oculo-vestibular reactions elicited by caloric 
stimulation (HALLPIKE) are compared with reactions elicited by ice
cold water. 

Methods 

The patients we have studied were comatose after head injury. The 
management procedures included nasal intubation plus mechanical ven
tilation to moderate hypocapnia. Sedation was by slowly eliminated 
barbiturate (phenobarbitone). Blood levels were analysed daily. 

Irrigation of the external auditory meatus was performed on both sides. 
Three separate levels of water temperature were used, 0 0 C, 300 C and 
44 0 C. Irrigation lasted forty seconds and the amount of water used 
was 250 ml. Eyeball reactions and pupillary reaction were observed 
through Frenzel's glasses. There was an interval of five minutes be
tween stimulations. 

In two patients regional cerebral blood flow was measured by the intra
carotid bolus injection of Xenon 133. 

Results 

A total of 402 independent caloric stimulations was performed as de
scribed above. A reaction was elicited in 238 instances whereas no 
reactions were observed after 164 stimulations. 

These reactions were followed during the entire period of coma which 
lasted from 8 to 23 days. Reactions to caloric stimulation changed 
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fram ane day to. anather but generally the react ian returned to. narmal 
with time. 

Despite the many differences between patients all six patients studied 
shawed nystagmus in respanse to. the calaric stimulatian, just befare 
any awakening cauld be recarded. Hawever, the general pattern af devel
apment was: No. abserveable reactian, internuclear paresis, canjugate 
eye mavements, nystagmus. There were ather types af react ian which ac
curred in an unsystematic way, and which we have called: atypical 
reactians. 

The types af react ian were unrelated to. serum levels af phenabarbitane. 

The reactians elicited by right and left sided calaric stimulatian are 
campared in Table 2. The type af reaction we have called "atypical re
actians" cantained in all cases an ipsilateral pupillary dilatian as
saciated with matar unrest when irrigatian was dane with ice-cald water 
and shartly be fare recavery af cansciausness. In these patients the 
react ian to. irrigatian with water at 300. C and 440. C elicited harizan
tal eyeball undulatians ar vertical nystagmus. In the twa patients who. 
had CBF studied during calaric stimulatian, regianal CBF was unchanged 
after ipsilateral stimulatian with water at 300. C and 440. C. Stimulatian 
perfarmed with ice-cald water elicited a shart lasting increase af cere
bral blaad flaw whereas intracranial pressure was unchanged. Only the 
external auditary canal ipsilateral to. the cerebral hemisphere studied 
had the calaric stimulatian dane. 

Table 1. Types af vestibula-acular reactian elicited by calaric 
stimulatian in traumatic cama 

No. react ian 
Internuclear palsy 
Canjugate eye mavements 
Nystagmus 
Atypical reactians 

Table 2. Types af vestibula-acular reactian elicited by calaric 
stimulatian in traumatic cama 

water temperature 00. C 300. C 440. C 

No. react ian 35 51 85 
Internuclear palsy 13 5 4 
Canjugate eye mavements 48 54 21 
Nystagmus 29 19 20 
Atypical reactians 9 5 4 

Tatal 134 134 134 

Table 3. Camparisan af vestibula-acular reactians elicited by calaric 
stimulatian at three different temperatures in traumatic cama 

water temperatures Reactians 
Identical 

00. C / 300. C 24 
00. C / 440. C 10 
300. C / 440. C 17 

Different Nane 

40 70 
62 62 
44 73 

Tatal 

134 
134 
134 
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Discussion 

The reactions elicited by external caloric stimulation associated with 
pathological levels of consciousness are usually explained by various 
degrees of damage to the brain stern. SZENTAGOTHAI (12) argues that 
normal nystagmus can only be elicited when three interconnected neu
rons are intact and he also adds multineuronal connections. This cir
cuit arises in the crista ampullaris from where it passes to the oculo
motor nucleus and consists of three different neurons of which the 
second probably involves the medial longitudinal fasciculus. LORENTO 
de NO (6-8) demonstrated that alternative pathways were the median 
sectors of the reticular formation in the brain stern. 

According to this an increasing disturbance of function in the reti
cular formation should result in an abolition of the fast components 
of the nystagmus and only slow conjungate reactions can be elicited. 

It is further argued that a lesion of the medial longitudinal fas
ciculus is responsible for the internuclear paralysis under which only 
an ipsilateral movement is observed (~). 

The six patients had all these reactions elicited for a shorter or 
longer period after head injury. The pronounced changing of reaction 
pattern is not completely understood. Serum barbiturate levels have 
been pointed out as being responsible for such changes in reactivity 
(BLEGVAD 1962) but we are not sure about this explanation, because 
all serum levels of barbiturate in these patients were high, but not 
toxic. The elicited pupillary dilation produced by irrigation with 
ice-cold water is hardly explained by the above-mentioned reflex 
mechanism. We do not regard the pupillary dilation as a specific 
vestibular reaction but are more inclined to relate this reaction 
to nociceptive mechanisms (9). Irrigation of the external auditory 
meatus with ice-cold water may therefore not be a specific stimulus 
for testing vestibular reactivity. 
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Early Management and Observations in Traumatic Coma. 
The Significance of Moderate Hyperventilation and the Occurrence 
of Sudden Blood Pressure Falls 

O. Fedders, M. Tange, P. Sehested, and J. Overgaard 
Department of Neurological Surgery, Odense University Hospital, DK-5000 Odense C 

Introduction 

Controversy still exists regarding the early management of comatose 
head injured patients and the significance of intensive observations. 
This presentation deals with the effect on outcome of mechanical 
ventilation to moderate hypocapnic levels and the occurrence of sud
den falls in blood pressure. 

Material and Method 

A total of 143 patients were admitted during a two year period. All 
patients fulfilled the criteria of traumatic coma (2). 

A x2 test was used to test for differences with a probability level 
less than 5% (p < 0.05)' taken as significant. 

Figure 1 shows the neurological observations ranked as the sum score 
of the Glasgow Responsiveness scale. There were no differences (p>O.l) 
in the sizes of the groups. One third of the patients scored from 3 to 
4 and approximately 50% scored from 5 to 7. Two thirds were male and 
the mean age was 28 years. Half of the patients were younger than 20 
years of age. Forty per cent had promptly treated focal, surgical 
lesions and the others had diffuse brain lesions. 

Apart from operation, management procedures followed simple principles 
for the intensive care of comatose brain injured patients. This in
cluded controlled mechanical ventilation to moderate hypocapnic levels, 
i.e. a stabilised PaC02 of 30 to 35 rum Hg within one hour, daily water 
and electrolyte balance etc. 

Steroids and osmotic diuretics were not used. 

Among st~ndard procedures, moderate doses of a slowly eliminated 
barbiturate (phenobarbitone) were used, primarily for sedation and 
elimination of abnormal motor activity, especially extensor and 
spastic flexor responses. 

Results 

The duration of respirator treatment was inversely related to the coma 
score on admission (Fig. 2), and ranged from 12 days in coma score 4 
to four days in coma score 8. 
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Figure 3 shows the re-awakening characteristics according to traumatic 
pathology. The figure shows the mean duration of the coma period and 
the re-awakening phases. In addition, the mean duration of respirator 
treatment within the groups has been added. The respirator treatment 
was usually stopped, when the patient first opened his eyes. Focal 
surgical lesions had the shortest average coma period and re-awakening 
phase in the subgroups of traumatic pathology. 

Analysis has shown that three factors influence outcome: Coma score 
on admission, age and the type of cranio-cerebral injury. Appropriate 
subgroups are: 

1. Coma score 3 to 4, 5 to 7 and 8, 
2. Age < 20 years, age> 20 years, and 
3. Contusions and focal, surgical lesions. 

Early primary brain injury related to deaths occurring within 30 days 
of the injury, was 30%. Final outcome grouping was based on re-exam
ination approximately 3 1/2 years after injury. There was a good re
covery in 27%, 13% had slight deficits, 23% had severe deficits and 
the mortality rate was increased to 37% (1). 

Table 1 shows that 104 (73%) patients were treated with controlled 
ventilation on the respirator, whereas 39 (27%) patients were not 
treated. The mortality rate among treated patients were significantly 
lower than among patients not treated (p < 0.02). 

Subgroup-analysis, patients with the same prognostic features being 
tested for differences of mortality rates according to the treatment, 
showed a significant higher survival rate regarding coma score 3 to 
4 (p < 0.05) and contusions (p < 0.01). 

Final outcome groupings showed a significant difference (p < 0.05) in 
favour of respirator treatment, but mainly because of a reduction in 
mortality. 

Table 1. Respirator treatment. Subgroups of prognostic factors and 
mortality rates within subgroups distributed according to treatment. 
Final outcome subgroups distributed between treatments 

Prognostic groups, 
subgroups, 
and final outcome 

Coma scores 3 - 4 
5 - 7 
8 

Age groups < 20 years 
> 20 years 

Traumatic pathology 

Contusions 
Focal lesions 

Final outcome 

Recovery 
Non-recovery 

Treatment 
No. of 
cases 

28 
66 
10 

57 
47 

61 
43 

44 
13 

Dead 
No. 

15 
10 

0 

8 
17 

9 
16 

% 

54 
15 

0 

1 4 
36 

15 
37 

No treatment 
No. of Dead 
cases No. % 

19 
1 5 

5 

20 
1 9 

25 
1 4 

60 
26 

17 
1 
o 

7 
1 1 

11 
7 

89 
7 
o 

35 
58 

44 
50 
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The observation during the early phase after the injury, i.e. within 
24 hours, that sudden falls in blood pressure (BP falls) occurred, the 
hypothesis developed, that this event might influence outcome. 

Recognizing, that the blood pressure varied considerably between pa
tients, the effect of the following criteria for sudden falls in BP 
on outcome was investigated: 

1. A sudden fall in systolic BP, i.e. within 15 minutes, of 80 rnrn Hg 
or more; 

2. A mean arterial fall in BP within 15 minutes, from more than 80 to 
60 rnrn Hg or less. 

The falls in BP could not be related to cerebral perfusion pressure, 
deviations in PaC02 level or extracerebral lesions. 

Fifty-three (37%) patients fulfilled the criteria of sudden falls in 
BP and the mortality rate was 50%. By contrast, the mortality rate was 
19% in patients who did not experience falls in BP (Table 2). 

Table 2. Subgroups of prognostic factors and mortality rates distrib
uted according to whether sudden falls in BP occur or not. Final out
come-subgroups distributed according to the same criteria 

Prognostic groups, 
subgroups, 
and final outcomes 

Coma scores 3 - 4 
5 - 7 
8 

Coma score 5 - 7 

Recovery 
Non-recovery 

Age groups < 20 years 
> 20 years 

Age > 20 years 

Recovery 
Non-recovery 

Traumatic pathology 

Contusions 
Focal lesions 

Contusions 

Recovery 
Non-recovery 

Focal lesions 

Recovery 
Non-recovery 
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No sudden fall 
in BP 
No. of Dead 
cases No. 

23 13 
53 4 
14 0 

33 
20 

57 8 
33 9 

8 
25 

58 7 
32 10 

39 
19 

9 
23 

Sudden 

No. of 
% cases 

57 24 
8 28 
0 1 

8 
20 

14 20 
27 33 

0 
33 

12 28 
31 25 

8 
20 

1 
24 

fall in 

Dead 
No. 

19 
7 
0 

7 
19 

13 
13 

BP 

% 

79 
25 

0 

35 
58 

46 
52 



These figures are significantly different (p < 0.001). Further it is 
shown that falls in BP were more frequent in those aged more than 20 
years (p < 0.01). 

The occurrence of falls in BP in the following subgroups, were signifi
cantly associated with a higher mortality rate: GCS 5 to 7 (p < 0.05), 
age> 20 years (p < 0.05), and contusions (p < 0.01). 

The effect of falls in BP on recovery of brain function good re
covery plus slight deficits were likewise associated with a signifi
cantly lower recovery rate: all patients (p < 0.001), GCS 5 to 7 
(p < 0.01), age> 20 years (p < 0.05), contusions (p < 0.01), and 
focal, surgical lesions (p < 0.05). 

Conclusion 

This study shows that endotracheal intubation and controlled mechani
cal ventilation was positively related to survival, but had no effect 
upon recovery of brain function i.e. good recovery + slight deficits. 
On the other hand the proportion of severely disabled patients was not 
increased. 

In addition the occurrence of sudden falls in BP as arbitrarily de 
fined here, strongly suggests a profound adverse effect upon survival 
as well as recovery of brain function. However, the observations need 
further investigations concerning the pathogenesis and pathophysio
logical consequences, since the phenomenon predominantly seems to 
occur in the very early phase after injury. 

The advantage of its prevention is obvious. 
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Effects of Bradykinin on Blood-Brain-Barrier Function and 
Pial Microcirculation* 

A. Unterberg,** M. Wahl, and A. Baethmann*** 
Institut fUr Chirurgische Forschung der Universitat MUnchen, Klinikum Grosshardern, 
Marchioninistrasse 15, 0-8000 MUnchen 70 

Introduction 

Development of vasogenic brain edema is frequently observed in sev
eral cerebral disorders, as e.g. ischemia or severe head injury. Up
take of vasogenic edema fluid into brain parenchyma is caused by an 
opening of the blood-brain-barrier. It has recently been demonstrated 
that components of the plasma kallikrein-kininsystem enter cerebral 
tissue under these circumstances (1). 

Moreover, formation of kinins was noted in areas of focal necrosis; 
in perifocal edematous brain, if additional ischemia developed. Kinins 
were reported to raise markedly the permeability of peripheral vessels 
for plasma proteins and to induce brain swelling (2, 3). Hence, for
mation of kin ins in a vasogenic insult leading to brain edema could en
hance the dysfunction of the blood-brain-barrier and affect the cere
bral microcirculation. This would aggravate the process of secondary 
brain damage, as e.g. edema. The current study was performed to eluci
date the ef~ect of bradykinin on the permeability of the blood-brain
barrier and on the pial microcirculation. 

Methods 

Mongrel cats of both sexes (2.4 + 0.3 kg b.w.) were anesthetised with 
chloralose (50 mg/kg) and mechanIcally ventilated. 

After opening the skull in the parieto-occipital region, a fluid re
servoir was made around a cranial window using rapid polymerizing 
dental cement. After opening of the dura mater under paraffin oil, 
the exposed cerebral cortex was irrigated with different solutions 
via plastic tubes perforating the wall of the reservoir. 

Fluorescein-labelled dextran (FITC-dextran) of different molecular 
weight or Na+-fluorescein, respectively, were injected i.e. as blood
brain-barrier indicators. Penetration of a marker from the intravas-
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**Dedicated to Prof. Dr. Dr. h.c. W. Brendel on his 60th birthday 
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cular space into the parenchyma indicative of an increased barrier
permeability was observed intravitally by fluorescence-microscopy. 

As a control,the exposed cerebral cortex was irrigated with mock CSF 
for 30 minutes. In a normal preparation extravasion of the indicators 
was not observed. Subsequently, mock CSF containing bradykinin in 
rising concentrations was substituted for the control solution. The 
duration of exposure to each bradykinin concentration was 30 minutes. 

The response of the diameter of pial arteries, arterioles, veins and 
venules, as well as extravasion of the barrier-indicators into the 
tissue were documented by microphotography. 

Results and Discussion 

The results on the response of the blood-brain-barrier to bradykinin 
are summarized in Table 1. In contrast to the peripheral vessels, 
bradykinin (10- 9 - 10- 2 M) did not increase the permeability of cere
bral vessels for FITC-dextran of different molecular weight (MW: 
20.000 - 70.000). However, leakage of the blood-brain-barrier was 
induced by bradykinin in concentrations of only 10- 6 M, or higher, 
if Na+-fluorescein was employed as barrier-indicator. Bradykinin con
centrations of 10- 9 - 10- 7 M had no effect. Extravasion of Na+-fluores
cein became visible initially in few areas around small venules, 
stained by the fluorescence-marker which intensified and became con
fluent at higher concentrations. 

In Table 2, the changes in diameter of pial arteries and arterioles 
(¢ 60 - 250 ~m) are given, one minute after irrigation with different 
bradykinin solutions. As seen, pial arteries dilate upon exposure to 
the peptide in a dose-dependent manner. At 4 x 10-6 M of bradykinin, 
the diameter increased to 110% (p < 0.01), at 4 x 10-5 M to 137% of 
normal. These findings are in perfect agreement with the comparable 
data of WAHL (4). Dilation of arterioles and small arteries was found 
to decrease within 30 minutes of continuous irrigation. Such a response 
may be explained by tachyphylaxis. 

In contrast to the arteries, a moderate constriction of veins and 
venules (¢ 50 - 270 ~m) was detected. Constriction was at a maximum 
after 30 minutes of irrigation, starting at bradykinin-concentrations 
of 4 x 10- 7 M (s. Table 3). With a bradykinin-concentration of 4 x 
10- 3 M constriction reduced the diameter to 86% of normal (p < 0.01). 

Table 1. Effects of bradykinin on permeability of the blood-brain
barrier 

Bradykinin (10- 9 - 10- 2 M) 
after 30 min 

Bradykinin (10- 9 - 10- 7 M) 
after 30 min 

Bradykinin (10- 6 M and higher) 
after ca. 15 - 20 min 

(020, 040, 070) 

(Na+-fluorescein) 

Opening for Na+-fluorescein 

¢, no increase of permeability; 0, FITC-dextran (MW: 20.000; 40.000; 
70.000) 
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Table 2. Change of vascular diameter (in % of control value) of pial 
arterioles and arteries (60 - 250 ~m) after one minute of exposure 
to bradykinin in rising concentrations 

Mock CSF Bradykinin (M) 

4 x 10- 7 4 x 10-6 4 x 10- 5 4 x 10- 4 

x 100% 102.9% 109.0% 137.2% 125.6% 

SD 1 6. 1 11 . 7 19.2 10.5 

n 21 8 17 19 8 

n.s. p < 0.01 P < 0.001 P < 0.001 

Table 3. Change of vascular diameter (in % of control value) of pial 
venules and veins (50 - 270 ~m) after 30 minutes of exposure to brady
kinin in rising concentrations 

Mock CSF Bradykinin (M) 

4 x 10- 7 4 x 10- 6 4 x 10-5 4 x 10-4 4 x 10-3 

x 100% 95.3% 91.6% 93.2% 86.1% 86.3% 

SD 17.9 15.7 10.3 9.8 7.6 

n 24 10 13 6 6 

n. s. p < 0.05 P < 0.05 P < 0.02 P < 0.01 

Conclusions 

The findings demonstrate that bradykinin induces selective opening of 
the blood-brain-barrier. Calculat~on of the molecular radius (Stokes' 
radius) of fluorescein (i.e. 5.5 ~) suggests that functional pores of 
at least 11 ~ in diameter were opened by bradykinin. 

Pores through the blood-brain interface of this size would suffice to 
allow penetration of electrolytes together with water from the intra
vascular compartment into the cerebral parenchyma. Moreover, filtra
tion of fluid would be intensified by arteriolar dilation and venous 
constriction. 

The findings support our concept that formation of kinins in vasogenic 
brain edema enhance a primary insult to the blood-brain-barrier and 
induce dysfunction of the cerebral microcirculation. This would result 
in an increased formation and spread of vasogenic brain edema. Thera
peutic inhibition of the kinin mechanisms in cerebral injury should be 
expected to limit secondary brain damage. 

References 

1. Baethmann, A., Maier-Hauff, K., Lange, M., Kempski, 0.: Activation 
of the kallikrein-kinin-system in brain tissue secondary to cere
bral injury and ischemia. J. Cerebr. Blood Flow Metabol. 1, Suppl. 
1, 21 9- 21 9 (1 981 ) -

2. Svensjo, E., Arfors, K.-E., Raymond, R.M., Grega, G.J.: Morpho
logical and physiologically correlation of bradykinin-induced 
macromolecular efflux. J. Amer. Physiol. 236, 600-606 (1979) 

357 



3. Unterberg, A., Baethmann, A., Geiger, R.: The kallikrein-kinin
system as mediator in cerebral edema. Agents and Actions, Suppl. 
2., 402-407 (1982) 

4. Wahl, M.: The effect of morphine, encephalin and bradykinin on 
cerebral vascular resistance in cats. J. Cerebr. Blood Flow Metabol . 
..1., Suppl. 1, 323-324 (1981 

358 



Comparative Study of the Blood Flow Velocities in the Basilar and the 
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Introduction 

The recently developed computer tomography has proved to have advan
tages over angiographic methods for certain diagnostic purposes, but 
in the domain of hemodynamic measurements, rapid serial angiography 
is the only technique so far which allows the determination of blood 
flow velocities with sufficient accuracy. 

In combination with a special photometric evaluation technique which 
is called quotient densitometry this method has proved very useful 
for the study of hemodynamics as has been shown by MOLLER and WOL
SCHENDORF 1978. 

From several clinical aspects which are described below it is presumed 
that the blood flow velocity in the basilar artery might be different 
from that of the carotid artery and the present investigations were 
performed to obrain quantitative information about the relation of the 
flow velocities in these two vessels. 

Materials and Methods 

The present experiments were carried out with a group of 18 patients 
of various ages and both sexes. All persons were normal cases with 
a sound circulatory system which showed no other pathological findings. 

The contrast medium was injected by the retrograde brachial technique 
(30 ml in 2 sec) and under halothane anesthesia. It has been shown by 

MOLLER and WOLSCHENDORF 1978 that halothane anesthesia accelerates the 
cerebral blood flow by about 25% and for the present investigations 
this acceleration factor was assumed to be the same for the carotid 
and the basilar system. 

For the radiographic records ten normal angiograms (two frames/sec), 
and seven rapid serial angiographies (4 - 6 frames/sec) of a cut-film 
changer were utilized. From the latter the decisive data were ob
tained since in spite of the low time-resolution, the large-field 
radiography of the cut-film changer proved to be advantageous over 
the cinefilm because of the considerably lower influence of quantum 
noise, as was shown by WOLSCHENDORF 1982. Lateral angiograms were 
taken, but in addition an AP view was used to calculate the true 
length of the vessels from the two radiographic projections. 
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Digital quotient densitometry was applied for the photometric evalua
tion of the serial angiogram - a technique which was developed in the 
Institute of Applied Physics of the University of Kiel and the prin
ciple of which is shown in Fig. 1. This technique utilizes a reference 
system of defined composition which is also depicted on the X-ray film. 
A pair of photodiode-equipped detectors samples the optical density 
both of the vessel under investigation and the reference system. After 
preamplification the data acquisition system performs the division of 
the measurement and the reference signal thus yielding a density signal 
of significantly improved signal-to-noise-ratio. The densitometric 
bolus curves obtained in this way can be stored on a floppy disk and 
can be reproduced by either a printer or a plotter. 

Results and Discussion 

From the densitometric bolus curves of the serial angiograms the mean 
transit time between two corresponding points along the vessel is cal
culated. These points of measurement were the bony carotid canal and 
the carotid siphon for the carotid system with an average distance of 
10.2 cm and the atlas kinking and the peak of the basilar artery for 
the basilar system with an average distance of 11.1 cm. 

The blood flow velocities which were determined from the mean transit 
time and the travelling distance along the vessel ranged from about 
22 cm/sec to 29 cm/sec for the carotid artery with an average value 
of 25.3 cm/sec and from about 11 cm/sec to 18 cm/sec for the basilar 
artery with an average value of 14.5 cm/sec. 

From these results which are shown in Table 1 we obtain a factor of 
1.77 for the ratio of the two velocities. Moreover the average volume 
flow was calculated and found to be 5.73 cm3/sec for the carotid and 
1.79 cm3/sec for the basilar system which corresponds to a ratio 
of 3.25. 

These results appear to be in good agreement with the observations 
of VOLK 1982 who found that the relation between the radiological 
evidence of arteriosclerosis in the carotid and the basilar region 
is about 2 : 1. VOLK supposed that a lower blood flow velocity in 
the basilar artery might account for the different degree of arterio
sclerosis in these vessels. 

Moreover REUTHER and DORNDORF 1977 and FIELDS 1981 reported that 
thrombocyte aggregation inhibitors showed little or no significant 
effect in the vertebro-basilar system. If we assume that the hemo
dynamic factor is decisive for the development of insults,these find
ings are also supported by our results. 

Table 1. Average values of blood flow velocities and volume flows in 
the carotid and the basilar system 

Average flow velocity in cm/sec Average volume flow in cm3/sec 

In the carotid artery 25.3 In the carotid artery 5.73 

In the basilar artery 14.5 In the basi.lar artery 1.79 

Velocity ratio 1.77 Volume flow ratio 3.25 

360 



References 

1. Fields, W.S.: Primar- und Sekundarprophylaxe von Hirn- und Herz
infarkt mit Aggregationshernrnern. In: Prophylaxe venoser, periphe
rer, kardialer und zerebraler GefaBkrankheit mit Acetylsalicyl
saure. Breddin, K., Loew, D., liberia, K., Dorndorf, W., Marx, R. 
(eds.). Stuttgart, New York: Schattauer 1981 

2. Moller, W.D., Wolschendorf, K.: The dependance of cerebral blood 
flow on age. Eur. Neurol. 12, 276-279 (1978) 

3. Reuther, R., Dorndorf, W.: Zur Wirkung von Aspirin bei Patienten 
mit zerebraler Ischarnie - Ergebnisse einer Doppelblindstudie. 
In: Acetylsalicylsaure bei zerebrovaskularen und kardiovaskularen 
Erkrankungen. Breddin, K., Dorndorf, W., Loew, D., Marx, R. (eds.), 
pp. 89-96. Berlin: Bayer 1977 

4. Volk, H.P.: Zum Zusarnrnenhang zwischen angiographisch faBbaren Ge
faBveranderungen im Carotis- und Basilarisstromgebie t bei Patienten 
mit zerebralem GefaBprozeB. Inauguraldissertation, Kiel 1982 

5. Wolschendorf, K.: Information content of cinedensitometric blood 
flow measurements. Symposium "Rontgenkontrastmittel in der angio
logischen Funktionsdiagnostik". Konstanz 1982 

Fig. 1. Functional diagram of an angiodensitometric measurement system 

361 



Intraoperative Doppler Flow Measurements in 
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Introduction 

Intraoperative evaluation of blood flow volume in cerebrovascular 
surgery like carotid endarterectomy and extracranial-intracranial 
arterial bypass (EIAB) surgery is of great significance as far as 
the flow, the change of blood flow volume and the control of the 
functioning of an inline shunt are concerned. Since 1979 we use Dopp
ler vessel clips, bearing in mind the necessity to test simultaneous
ly their validity and intraoperative practicability. 

Methods 

We use a directional ultrasonic Doppler flow meter system Delalande 
with transmitted frequency of 4 MHz. Intraoperative measurements were 
performed by Doppler vessel clips with a diameter of 2, 5 and 10 mm. 
Validity of these Doppler clips was tested in comparison to electro
magnetic flow measurements. In dissected arteries of three dogs ten 
measurements at a time were performed under controlled constant blood 
pressure after calibrating the electromagnetic flow meter. 

Furthermore the Doppler probes with a diameter of 2, 5 and 10 mm were 
tested in dissected isolated arteries perfused by a pump with heparin
ized blood, varying the flow velocity. In a sample of 25 patients with 
circumscribed stenosis of the internal carotid artery near the bifurca
tion, flow was determined pre-, intra- and postoperatively. The func
tion and flow volume of an inline shunt used in eight patients was also 
tested. In 45 patients undergoing EIAB surgery the 2 mm Doppler clip 
was used to control bypass function and to dete.rmine blood flow volume 
passing through the anastomosis immediately after the shunt construc
tion. 

Results 

Determination of Accuracy of Doppler Vessel Clips 

In 10 different positions of a dissected dog artery perfusion was 
determined by the Doppler technique using 2, 5 and 10 mm Doppler 
clips. These values were compared with electromagnetic flow measure
ments during a constant systolic blood pressure of 120 mm Hg. The 
deviation from these values was + 12.8 to 15.2% (Table 1). During in 
vitro examinations the perfusion-of the arteries was changed and the 
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Table 1. Divergences of Doppler values from electromagnetic and in 
vitro measurements 

Electromagnetic flow measurements 

Doppler clip (mm) Blood flow volume (ml) Deviation (%) 

2 52 + 12.8 
5 188 "+ 14.3 

10 753 + 15.2 

In vitro measurements: 

2 9.4 - 97.8 + 17 .0 
5 59 - 330 "+ 17.2 

10 188 - 753 + 11 .0 

deviation of the Doppler values from the real flow volume was de
termined (Fig. 1), resulting in + 11 to + 17% (Table 1). 

Intraoperative Use of Doppler Vessel Clips 

In a 45-year-old patient with right-sided transient ischemic attacks 
a reduced flow over the left supratrochlear artery and the common and 
internal carotid artery was found, and also a turbulence over the 
carotid bifurcation (Fig. 2). Angiography showed a circumscribed sev
ere stenosis of the left internal carotid artery. Intraoperatively 
we measured a flow in the left common carotid artery of 282 ml/min 
and in the left internal carotid artery of 94 ml/min. After carotid 
endarterectomy Doppler examinations showed an increase of blood flow 
volume in the internal carotid artery of 125%. Postoperative angio
graphy showed a patent carotid artery (Fig. 3). 

Altogether changes of carotid perfusion after endarterectomy in 25 
patients with circumscribed stenosis of internal carotid artery were 
determined, and showed an average increase of 56 ml/min. 

In eight cases the use of an inline shunt during endarterectomy was 
necessary. Thereby the function and blood flow through the shunt 
ranging from 52 to 97 ml/min was determined. Furthermore a Doppler 
vessel clip was used in EIAB surgery. In a 46-year-old patient with 
right internal carotid occlusion a mean velocity over the parietal 
branch of the right superficial temporal artery of 16 cm/sec was 
measured. After performing the EIAB a perfusion of the anastomosis 
of 52 ml/min was determined intraoperatively by Doppler probe. The 
increase of diastolic Doppler values was observed as a sign of cere
bral perfusion resistance. Ten days after operation an increase of 
velocity of 85% was registered over the bypass artery. Furthermore, 
the temporal artery now showed Doppler-sonographically the signs of 
an internal carotid artery with raised end diastolic pressure (l, ~) 
(Fig. 4). 

Altogether we examined 45 patients intraoperatively during EIAB oper
ations. Blood flow values through the bypass from 3.7 to 65 ml/min 
with a mean value of 36 ml/min were measured. In spite of well puls
ating donor vessel in two cases the Doppler revealed a perfusion of 
only 1 to 2 ml/min, so that a revision of the bypass was possible. 
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Summarizing Remarks 

The investigations of others and our first experiments concerning the 
accuracy of determining blood flow volume by Doppler vessel clip 
showed that only minor fluctuations in vessel diameter can lead to 
deviations of 50% from the real flow volume due to the square function 
between velocity and volume (l, i). 

Although we paid attention to that fact in these measurements, we found 
a deviation of Doppler-probe-values in vitro and in vivo up to 17%. 
Nevertheless taking these divergences into consideration, the intra
operative use of this method seems to be of value, since the rel-
ative change of perfusion in carotid endarterectomy and critical ex
amination of sufficient inline shunt function is well demonstrated by 
this simple method. 

In EIAB surgery intraoperative flow measurements enable us not only 
to control bypass function, but also to gauge the function of the 
anastomosis, so that in case of dysfunction an immediate revision of 
the bypass is possible. 

Our experience indicates intraoperative Doppler flow volume measure
ment is a suitable method for evaluating cerebrovascular changes, 
particularly in patients undergoing carotid endarterectomy or bypass 
surgery. 
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Fig. 2. a Pre-, intra- and postoperative Doppler examinations in a 
patient with stenosis of the left internal carotid artery (ICA). 
(~CA = common carotid artery); b Intraoperative blood flow measure

ment by Doppler vessel clip 
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Fig. 3. Angiography before (above) and after endarterectomy of a 
stenosis of the left internal carotid artery 
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Fig. 4. (Above) Doppler examinations before, during and after operation 
in a patient with occlusion of the right internal carotid artery, 
undergoing bypass surgery. (Below) Intra-operative blood flow measure
ments through the bypass artery (+) by Doppler vessel clip. 
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Intraoperative Doppler Sonography 

J. Gilsbach and A. Harders 
Neurochirurgische Klinik, Albert-Ludwig-Universitat Freiburg, Hugstetter Strasse 55, 0-7800 Freiburg 

Introduction 

Hemodynamic information available during the operation can make neuro
vascular procedures safer and simpler. 

In this context possible information required from a method of hemo
dynamic examination is for direction and velocity of flow, normal and 
abnormal flow pattern, and patency. This information can theoretically 
be obtained by the atraumatic, repeatable and simple procedure of 
Doppler-Sonography. 

Direct intraoperative Doppler sonographic measurements, however, have 
rarely been published up to now (FRIEDRICH 1980, HITCHON 1979, NORNES 
1979, 1980, MORITAKE 1981, MULLER 1980, THAL 1981, WASSMANN 1980), be
cause technique and probe dimensions of commercially produced instru
ments for Doppler-Sonography are poorly adapted to small vessels. 

Material and Methods (Table 1) 

For one and a half years we have been using a pulsed 20 MHz prototype1 . 
This instrument is able to detect small and slow flow sample volumes 
in vessels less than 1 mm in diameter. 

The pulsed technique, owing to its unique crystal for emission and re
ception, together with its high frequency, allows the development of 
very small probes. 

Table 1. Intraoperative direct Doppler sonography (20 MHz PUDVM) 
Case material 

Diagnosis 

Tumor 
Aneurysm 
Bypass 
Angioma 

Stenosis/anastomosis (gerbil, rat) 

1 INSERM, Lyon 

No. of cases 

31 
31 
20 
12 

50 
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Small and well centred samples within the vessel lumen can be measured 
thanks to a gate circuit, thus avoiding interference from adjacent 
vessels. 

Most measurements are performed in the central stream using the 
smallest possible gate, because the built in zero-cross frequency 
counter works precisely and because results from different vessels are 
easier to compare. 

Lately we have been using a real time audiospectrum analyser 1 which 
gives better results particularly at high frequencies and with a poor 
signal to noise ratio (Figs. 1 and 2). 

Results 

AnimaZs 

In order to test the validity of Doppler-Sonography for EIAB we pro
duced stenosis of varying degrees as well as end-to-end and end-to
side anastomosis in 50 laboratory animals (rats and gerbils). During 
measurements the Doppler probe was applied to the vessels by means of 
a micromanipulator in order to obtain stable conditions. Poststenotic 
pressure via the external carotid artery was monitored in 20 animals 
with common carotid stenosis in order to control the hemodynamic ef
ficiency. Retrograde in vivo angiography via the external carotid or 
the brachial artery was performed in 30 animals. 

Eighty-eight per cent of the intended and all of the unintentional 
narrowings could be detected by measuring increased velocities in 
the area of stenosis, even in vessels with unchanged total flow. 

Undetectable stenoses were either too insignificant or too severe and 
too abrupt so that they did not allow increased velocities. 

EIAB 

In 18 out of 20 patients with EIAB no flow impairment could be detected 
intraoperatively in the area of anastomosis or in the afferent and 
efferent vessels. One anastomosis appeared normal externally, but the 
STA was thrombosed and had to be recanalized. Another anastomosis re
sulted in kinking and narrowing of the receiving vessel. 

All of the 20 anastomoses were patent at the end of the procedure and 
remained open during the subsequent course after angiographic and 
Doppler sonographic controls (Fig. 3). 

Aneurysms 

We made complete recordings of all adjacent vessels in 31 patients 
with saccular aneurysms, before and after clipping of the aneurysm. 
In addition the flow in the aneursym was measured if at all possible. 
Complete occlusion by means of a clip was ascertained with Doppler
sonography and confirmed by puncture or resection of the aneurysm. 
Invisible narrowing of efferent arteries was detected and corrected 
by repositioning of the clip in two cases. In one poorly accessible 
PICA aneurysm exclusion of the sac as well as patency of the vertebral 
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artery and PICA were checked solely by Doppler-Sonography, since only 
the proximal portion of the clip was visible (Fig. 4). 

Angiomas 

Distinction between arteries and veins was sometimes difficult at the 
surface of the angioma, but could be accomplished in most cases at 
the border. Identification of arteries was facilitated by the unequi
vocal detection of flow direction. Knowledge of the direction of flow 
was particularly helpful in cases where intraoperative embolization 
was attempted, thus avoiding faulty embolizations in the direction of 
the heart. 

Conclusions 

Provided that the above-mentioned technical performances are avail
able, direct intra-operative Doppler-sonography represents a valuable 
aid in neurovascular surgery, as it can identify hemodynamic changes 
in any exposed vessels after operative measures. In addition, this 
method can be used in laboratory animals in order to investigate 
mechanical and pharmacological influences on small vessels. 

References 

1. Friedrich, H., Hansel-Friedrich, G., Seeger, W.: Intraoperative 
Doppler-sonographie an HirngefaBen. Neurochirurgia ~, 89-98 (1980) 

2. Hitchon, P.W., Kassel, N.F., Carlstrom, T.A., McDonnell, D.E.: The 
Doppler ultrasonic flowmeter as an adjunct to operative management 
of cerebral arteriovenous malformations. Surg. Neurol. 11, 345-347 
(1979) -

3. Moritake, K., Handa, H., Yonekawa, Y., Nagata, I.: Ultrasonic 
Doppler assessment of hemodynamics: - superficial temporal artery 
- middle cerebral anastomosis. Surg. Neurol. 21, 249-257 (1980) 

4. Muller, H.R., Gratzl, 0.: Assessment of STA/MCA bypass function by 
Doppler ultrasonic techniques (velocity and flow measurements) . 
Fifth International Symposium on microvascular anastomoses for 
cerebral ischemia, p. 83. Wienna 1980 

5. Nornes, H., Grip, A.: Hemodynamic aspects of cerebral arteriovenous 
malformations. J. Neurosurg. ~, 456-464 (1980) 

6. Nornes, H., Grip, A., Wikeby, P.: .Intraoperative evaluation of cere
bral hemodynamics using directional Doppler technique; Part 1: Ar
teriovenous malformations. J. Neurosurg. 50, 145-151 (1979) 

7. Nornes, H., Grip, A., Wikeby, P.: Intraoperative evaluation of 
cerebral hemodynamics using directional Doppler technique. Part 2: 
Saccular aneurysms. J. Neurosurg. 50, 570-577 (1979) 

8. Thai, H.-U.: Evaluation of patency during and after extracranial
intracranial bypass operations using Doppler sonography. Neuro
logical Surgery, p. 384. Bastracts of the 7th International Con
gress of Neurological Surgery 1981 

9. Wassmann, H., Fischdick, G., Holbach, K.-H.: Ultrasonic Doppler 
assessment of hemodynamics in extra-intracranial arterial bypass 
(EIAB) surgery. Fifth International Symposium on microvascular 
anastomoses for cerebral ischemia, p. 85. Vienna 1980 

371 



Fig. 1. 20 MHz pulsed ultrasonic velocity meter (Microflo) with probe 

Fig. 2. Doppler probe 
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Fig. 3. Intraoperative recordings in EIAB 
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Fig. 4. Intraoperative recordings of adjacent vessels after clipping 
of an anterior communicating aneurysm 
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Comparative Study of Doppler Sonography and Angiography in 
Extracran ial-I ntracran ial Anastomosis 

Z. A. Jamjoon, H. M. Mehdorn, and H. C. Nahser 
Neurochirurgische Klinik des Universitatsklinikum der Gesamthochschule Essen, 
Hufelandstrasse 55, D-4300 Essen 

Introduction 

Although cerebral angiography has nowadays become a safe procedure, 
its potential risks must be always considered, especially when pa
tients with cerebrovascular disease are involved (4, 5, 9). In con
trast to angiography, Doppler sonography is noninvasive,-easily re
peatable and has already been recognized as being reliable in detect
ing significant (> 50%) stenoses and occlusions of extracranial cere
bral arteries (2, 3, 8). Its accuracy in demonstrating the function 
of extracranial=intracranial anastomosis has been questioned, however 
by several authors, including the Cooperative EC-IC-Bypass Study (12). 

In this paper we describe the results of Doppler sonography in pa
tients, who underwent EC-IC anastomosis, and discuss the value of 
this method in the postoperative follow-up examination of the func
tion of the bypass, as compared to angiography. 

Patients and Methods 

In a series of 60 patients who underwent EC-IC anastomoses (Table 1) 
pre- and postoperative Doppler sonography was performed using a di
rectional Doppler velocimeter DUD 400 (Debimetre Ultrasonic Delalande) 
with an emitting frequency of 4 MHz. 

Table 1. Preoperative angiographic diagnosis on the side of operation 
in 60 patients who underwent EC-IC anastomoses 

Artery Type of lesion No. of cases 

Middle cerebral artery Stenosis 7 

Occlusion 11 

Giant aneurysm 

Internal carotid artery Stenosis 7 

Occlusion 31 

Combined Stenosis I occlusion 4 
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For the evaluation of the postoperative Doppler sonography a grading 
system that consisted of four criteria was established (Table 2). A 
total score of 7 - 8 was used to describe "good", 5 - 6 "fair", 2 - 4 
"poor" and 0 - 1 no bypass function. 

Pre- and postoperative angiography was performed, in most patients, 
as a transfemoral, selective angiography, although occasionally, re
trograde brachial angiography was performed. 

Using three criteria and a similar scoring system (Table 3) the by
pass function in angiography was independently determined by two other 
investigators. 

Results 

Pre-operatively the pulse curve of the superficial temporal artery 
(STA) and its branches is similar to that of the external carotid 
artery which is characterised by a rapid systolic ascent as well as 
a rapid diastolic descent with only little diastolic flow above zero. 
This pulsatile flow pattern is thought to be due to the relatively 
high peripheral vascular resistance. After successful anastomosis to 
a cortical vessel, which offers comparatively little resistance, 
the diastolic descent is slowed and the diastolic flow is markedly 
raised above zero. Consequently the pulse curve resembles that of the 
internal carotid artery (Fig. 1). 

Table 2. Doppler sonographic criteria 

Extracranial donor artery pulse 
can be detected and followed up 
to the bone window 

Change of flow characteristics 
from external carotid type pre
operatively to internal carotid 
type postoperatively 

Interruption of pulse signals 
at the bone window by digital 
compression of the donor artery 
proximal to the Doppler probe 

Effect of compression of the 
non-anastomising branch on the 
flow in the main artery 

Yes 

No 

No change 

Diastolic fall of flow 
is slowed 

Slight increase of 
diastolic flow 

Prominent increase of 
diastolic flow 

Yes 

No 

Slight or no decrease 

Moderate decrease 

Prominent decrease 

Diastolic flow falls to 

Score 

o 

o 

2 

3 

o 

3 

2 

zero, weak pulse signals 0 
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Table 3. Angiographic criteria 

Intracranial filling through 
the bypass 

Postoperative change of diameter 
of the donor artery 

Flow through the bypass 

No intracranial filling 

Only recipient cortical 
artery is visualized 

2 cortical vessels are 

Score 

o 

filled 2 

3 or more cortical 
vessels are filled 3 

Diameter decreased o 

No change 

Diameter increased up 
to twice 2 

Diameter increased more 
than twice 3 

Slower than in the other 
extracranial vessels 

Same as in the other 
extracranial vessels 

Earlier than in the 

o 

other extracranial vessels 2 

A good function of the anastomosis is recognized angiographically by 
the filling of more than three cortical vessels and the increased flow 
through the dilated extracranial donor artery; in Doppler sonography, 
it is characterised by a prominent postoperative elevation of the 
diastolic flow above zero (Fig. 2). On digital compression of the 
nonanastomosed branch the flow in the main trunk of the superficial 
temporal artery will be only slightly depressed. The extracranial por
tion of the donor artery can be easily detected and followed up to 
the bone opening, where the pulse signals can be interrupted by dig
ital compression proximal to the position to the Doppler probe. 

In contrast there is no significant increase of the diastolic flow in 
the postoperative Doppler sonograms of cases with poor bypass function. 
The only hemodynamic change is a slowing of the diastolic descent of 
the pulse curve. Since it may sometimes be difficult to follow the 
donor artery along its whole extracranial extent, it should be possible 
to interrupt pulse signals at the craniectomy somehow by digital com
pression proximal to the position of the probe before the patency of 
the bypass can be assumed (Fig. 3). 

When the bypass is occluded no hemodynamic changes in the main trunk 
of the STA could be observed postoperatively (Fig. 4). Pulse signals 
at the bone opening originate from the cortical vessels, since they 
are not influenced by digital compression proximal to the Doppler 
probe. 
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Among the 60 anastomoses which were examined Doppler sonography indi
cated a good function in 31 cases, a fair function in 18 cases, a 
poor function in 9 cases and no bypass function in 2 cases. A compar
ison of these results with those of cerebral angiography is shown in 
Fig. 5. Although Doppler sonography estimation of the bypass function 
was identical with cerebral angiography in only 70% of all cases 
no discrepancies between both methods were observed as far as the pa
tency of the bypass was concerned. The differences between Doppler 
sonography and angiography are apparent only in the observations of 
the estimated function of patent anastomoses. 

In order to determine whether the postoperative bypass function might 
be influenced by the nature of the preoperative vascular lesion the 
postoperative results of bypass function in Doppler sonography and 
angiography were related to the underlying vascular lesion (Fig. 6). 
While in 60% of the cases with internal carotid artery occlusion a 
good postoperative bypass function was noticed, this was true in on-
ly 17% of the cases with middle cerebral artery stenosis which achieved 
comparative results. These findings suggest that the postoperative by
pass function may depend on the pressure gradient between donor and 
recipient artery, since the higher this gradient, the greater is the 
volume of blood which will flow through the anastomosis. These hemo
dynamic factors seem to contribute to the postoperative dilatation 
of the donor artery. In Fig. 7 the postoperative change in flow as 
detected by Doppler sonography is related to the postoperative in
crease of diameter of the donor artery. 

In 86% of the cases in which the postoperative diameter of the donor 
artery increased more than twofold there was a marked increase of the 
diastolic flow in Doppler sonography, compared to 14% of the cases in 
which no diameter change was observed. 

Discussion 

Previous studies have already indicated that Doppler sonography is 
highly reliable in detecting bypass patency (1, ~). 

Its accuracy is estimated as high as 92 - 96%, but false positive re
sults were found to be the major error of the method. However in these 
studies no attention was paid to the hemodynamic changes in the donor 
artery. 

MORITAKE et al. were the first who gave a detailed description of the 
hemodynamics in the vessels involved in extracranial-intracranial 
anastomoses. They showed that it is possible on the basis of these 
changes to differentiate between good and poor bypass function. 

In this study a grading system with four criteria including hemodyn
amic changes was employed to evaluate the postoperative bypass func
tion. Our data suggest that Doppler sonography is as reliable as angio
graphy when the patency of the bypass is concerned. Furthermore there 
was a good correlation between the Doppler sonography and angiography 
in estimating the relative function of a patent anastomosis. 

These results allow the following conclusions: 

1. Doppler sonography is a valid method for rapid and reliable fol
low-up study of extracranial-intracranial anastomoses. 

2. Angiography is necessary for pre-operative investigations and, 
in the postoperative period, whenever new symptoms of cerebral 
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ischemia occur and the indication for another surgical procedure 
is discussed. 
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Fig. 1. Flow characteristics as 
detected by Doppler sonography 
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Fig. 2a, b. Good function of an EC-IC anastomosis: angiography showing 
filling ot the entire territory of the MCA through the bypass and 
also the corresponding Doppler sonography 
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Fig. 4. Doppler sonography of an occluded EC-IC bypass 
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Fig. 5. Post-operative results of Doppler-sonography in 60 EC-IC 
anastomoses as compared to angiography 
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Super-Selective External Carotid Artery Embolization 
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and Z. D. Goedharf 
1 Radiological Department of the Siotervaart Municipal Hospital Amsterdam, NL-1066 EC Amsterdam 
2 Neurosurgical Department of the Siotervaart Municipal Hospital Amsterdam, 

Nl:1066 EC Amsterdam 

The value of selective catheterization and embolisation of branches 
of the external carotid artery are emphasized in relation to the pre
operative treatment of meningiomas and palliative or sometimes cur
ative treatment of other vascular tumors or malformations. 

Pre-operative embolisation of meningiomas (6, 7) has been shown to 
reduce operative blood loss, operating time-is-shortened and there 
appear to be fewer post-operative complications. The long-term effect 
on growth rate in other inoperable lesions has yet to be evaluated. 
In certain forms of arteriovenous malformation a cure may be effected 
(~, ~). 

The technique is relatively simple and safe. In the case of meningiomas 
its effectiveness of course depends on the degree to which branches of 
the external carotid artery contribute to the vascularization. 

The importance of selective angiography with detailed subtraction 
prior to embolisation is emphasized. The degree of success depends 
a great deal on identifying all the feeding arteries. 

In most cases embolisation can be accomplished using the diagnostic 
catheter. We have found a number I headhunter catheter ideal in the 
majority of patients. The feeding artery is selectively catheterised 
and single pieces of embolic material in diluted contrast medium are 
slowly injected under fluoroscopic ~ontrol. The branches of the artery 
feeding the lesion have an increased blood flow. This "steal" effect 
causes lodgement of the emboli in the feeding artery. The aim is to 
occlude the feeding branches as peripherally as possible. This reduces 
the possibility of other vessels taking over the supply of the lesion 
and avoids occlusion of other branches that may cause unwanted compli
cations. Emboli are introduced until the feeding branches are occluded 
or until the flow in the main artery is seen to stagnate_ This is im
portant in reducing the risk of reflux of embolic material_ A control 
angiographic series is then made to assess the results. 

We use simple embolic materials (3-5). Pre-operative embolisation is 
performed with gelfoam particles. The patient is then operated upon 
within the next 3 - 5 days (7). In palliative embolisation, or when a 
more permanent occlusion is desired, lyophilized dura mater is used '-~). 

Up to now we have not encountered any serious complications. Minor 
degrees of pain and warmth are experienced by some patients but these 
usually subside within 24 - 48 hours. 
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When carefully performed, after thorough assessment of the arterial 
anatomy this simplified method of embolisation has proved to be of 
considerable help to the neurosurgeon and has benefited the patient. 

Four illustrative cases are described. Three meningiomas as examples 
of our technique and a thoracic spinal arterio-venous malformation 
to illustrate that the same technique can be used with benefit in 
other extra-cerebral arterial territories of interest to the neuro
surgeon. 

References 

1. Katzen, B.T. et al.: Transcatheter therapeutic arterial embolisation. 
Rad. 120, 523-531 (1976) 

2. Brismar et al.: Therapeutic embolisation in the external carotid 
artery region. Ada Rad. Diag. ~ (1978) 

3. Bank, W.O. et al.: Gelfoam embolisation. A simplified technique. 
AJR 132,299-301 (1979) 

4. Berenstein et al.: Gelatin sponge in therapeutic neuroradiology. 
A subject review. Rad. lil, 105-112 (1981) 

5. Berenstein et al.: Catheter and material selection for trans
arterial embolisation. I. Catheters. II. Materials. Radiology 132, 
619-639 (1979) 

6. Hekster, R.E.M. et al.: Presurgical transfemoral catheter embolisa
tion to reduce operative blood loss - technical note. J. Neuro
surg. l.! (1980) 

7. Hieshima, G.B. et al.: Pre-operative embolisation of meningiomas. 
J. Surg. Neurol. ! (1980) 

8. Hekster, R.E.M. et al.: Transfemoral catheter embolisation. A method 
of treatment of glomus jugulare tumors. Neuroradiology ~, 208-214 
( 1973) 

385 



Fig. 1. a External carotid injection showing branches of the occipital 
artery supplying an infra-tentorial meningioma. b Occipital artery in
jection after embolisation showing peripheral occlusion of the feeding 
branches 
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Fig. 2. a External carotid injection showing the anterior branch of 
the superficial temporal artery supplying a falx meningioma that was 
invading bone. b The same series after embolisation. Again note the 
peripheral occlusion 
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Fig. 3. a External carotid injection showing vascularization by the 
anterior-branch of the middle meningeal artery. b Aft e r embolization 
in the maxillary artery the emboli have s e lective ly occluded the 
feeding artery and the vascular blush is no longe r visible 
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Fig. 4. a Sixth right intercostal artery injection showing an arterio
venous malformation. This was the only feeding artery found. The ar
tery of Adamkiewitz was normal. b Same series after embolisation. The 
feeding is selectively occluded.-The other branches of the intercostal 
artery remain open 

389 



Neurosurgical Aspects of Ectatic Intracranial Vessels 

E. B. Bongartz 1, D. Moffie2, J. P van Berkel3, B. Matricali 1, D. A. Batchelor3, 

and Z. D. Goedhart1 

1 Neurosurgical Department, Municipal Hospital Siotervaart, NL-1066 EC Amsterdam 
2 Neurological Department, Municipal Hospital Siotervaart, NL-1066 EC Amsterdam 
3 Radiological Department, Municipal Hospital Siotervaart, NL-1066 EC Amsterdam 

Introduction 

Although ectatic intracranial vessels are not so common, they should 
be included in the differential diagnosis of space-occupying lesions 
in the cranium. We consider it better to talk about ectatic vessels 
of fusiform aneurysms rather than megadolicho arteries. This being 
due to the large discrepancies concerning the length of intracranial 
arteries (3). These ectatic lesions were described long ago by patho
logists and anatomists. Since the introduction and development of 
angiography, we are now more aware of this disease process. An ectatic 
vessel can produce a variety of symptom complexes. Until now, only a 
few neurosurgeons have tried to tackle this problem surgically and 
with varying amounts of success (1, 13). For most of us it is more 
a question of trying to alleviate-the-symptoms. 

Patients 

1. A 49-year-old hypertensive female patient suddenly developed a 
right-sided hemiparesis with complete aphasia. There was no loss 
of consciousness. Slight right sided hyper-reflexia and sensory 
loss were noted. Pupillary reactions were normal. The cerebrospinal 
fluid was normal, but electroencephalography showed diffuse ab
normalities. Left carotid angiography demonstrated dilatation and 
elongation of the anterior cerebral artery, both intracranially 
and in the first branch. The right anterior cerebral artery was 
also filled and this was also dilated. Right carotid angiography 
demonstrated a dilated middle cerebral artery with dilatation and 
elongation in some branches of the Sylvian complex (Figs. 1 and 2). 
The patient gradually improved, without treatment, and was dis
charged from hospital two months later. 

2. A 71-year-old female with rheumatoid arthritis and hypertension 
complained of headache and vomiting. Over the preceding months she 
had become ataxic and had experienced a few "drop" attacks. Neuro
logical examination revealed a right sided Babinski and further 
minor deficits. CT scan demonstrated a large tumor in the posterior 
fossa with accompanying hydrocephalus (Figs. 3 and 4). Before in
sertion of a ventriculo-atrial drain, angiography was performed. 
This revealed elongation and dilatation of the basilar artery 
(Figs. 5 and 6). Postoperatively the patient gradually improved, 
but later died of an aspiration pneumonia caused by dysphagia of 
central origin. 
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Discussion 

The first patient showed a picture of an acute brain infarct. Although 
this could not be proved by angiography it had to be treated as a cir
culatory abnormality. 

Concerning the second patient, the CT scan revealed a space-occupying 
lesion producing obstruction of the aqueduct of Sylvius. 

It is obvious that these degenerative vessel abnormalities can, in 
certain circumstances, mimic more common vascular lesions, tumors or 
other diseases (Table 1). In most cases all one can do is try to 
alleviate the symptoms or give supportive therapy, as in most cases 
operative correction or extirpation is impossible. 

Concerning the symptoms/obstructive hydrocephalus is present in one 
case and in the other there is a picture of normal pressure hydro
cephalus. This fairly typical symptom complex is thought to be caused 
by the continual pulsations of the top of the elongated basilar ar
tery against the floor of the third ventricle (6, 7). An infarct-like 
picture has also been described (10). Also the fusIform aneurysmal 
dilatation can present as a space-occupying lesion (12, 15). The most 
common presentation is that of a cranial nerve palsy~~, 2, 11). 

Pathological examination of fusiform aneurysms in children has demon
strated extensive defects with degeneration of the tunica muscularis 
and the elastic lamina. In the context of the basilar artery, defec
tive union of primitive arteries on the ventral side of the neural 
tube could be a factor (9). However these ectatic vascular abnormali
ties are seen mostly with arteriosclerosis and hypertension. It has 
been noted (4, 14) that in a population with a high incidence of ar
teriosclerosIs and hypertension, these vascular abnormalities are 
relatively uncommon. A congenital or developmental factor is there
fore plausible. This so-called "underdevelopment" or "medial necrosis" 
described by KRAULAND (8) may be the expression of a disease process, 
first attacking a locus-minoris resistentiae. 

We have corne to the conclusion, contrary to that recently published 
in the literature (5, 11) that these ectatic lesions cannot be dif
ferentiated from other-resions by CT alone. This is perhaps best 
illustrated by our second patient. We now believe that in any case 
of doubt angiography should be performed in order to decide about 
possible treatment. 

Table 1. Possible symptoms in case of ectatic intracranial vessels 

Vertebro-basilar insufficiency / TIA 

Space-occupying lesions 

Hydrocephalus - obstructive 
- normal pressure 

Cranial nerve palsies 
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Fig. 1. Left carotid arteriography; the internal carotid artery is 
too wide and too long. There is dilatation of the anterior and middle 
cerebral arteries 

Fig. 2. Right carotid arteriography; the first part of the Sylvian 
artery forms a loop and is very dilated 
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Fig. 3. Postcontrast scan showing a large posterior fossa lesion. 
There is little evidence to suggest the possibility of an ectatic 
basilar artery 

Fig. 4. This postcontrast scan demonstrates the area of increased 
density adjacent to the clivus. The posterior horns of the ventricles 
are dilated 
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Fig. 5. Left vertebral arteriogram showing elongation and irregular 
dilatation of the first part of the basilar artery 

Fig. 6. Oblique projection of vertebral arteriogram again showing the 
irregular dilatation and elongation 
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neuroectoderm, elements, in 
medulloblastoma 193 

-,-, in neuroblastoma 193 
neuropathology 195 
-, anterior pituitary hormone 196 
-, herpes simples virus antigen 

196 
-, immunohistochemistry and immuno

histopathology 195 
-, intraoperative histological 

examination 205,206 
-,--, diagnosis 206,207 
nimodipine 67 
nitroprusside sodium, as cerebral 

vasodilator 332 
nitroso-urea: see "chemotherapy" 
-, CCNU 212 
- for low-grade astrocytoma 215 
nystagmus, in posterior fossa 

tumors 176 
-, vestibular fixation suppression 

228 

oculomotor paresis 74 
oculovestibular reaction, from 

caloric stimulation 346 
oligodendroglioma, hemorrhage 61 
-, posterior fossa 175 
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optic nerve glioma, GFAP 199 
operative approach, infratentorial 

/supracerebellar, to pineal 
263,264,265,268 

osmotic diuresis 79,91 
--, avoidance 337 
--, mannitol, dangerous side-

effects 342 
oxygen, hyperbaric 326 
-, p02 histogram 325 
-, tension, cerebral 324 

papilledema, posterior fossa 
tumors 176 

partition coefficient, blood/ 
tissue 310 

pentobarbital sodium, in acute 
head injury 324 ff 

pharmacokinetics of dexamethasone 
315,318 

phenothiazines, avoid in intra
cerebral hemorrhage 145 

pineal, endocrinological findings 
257 

-, germ cell neoplasms 259 
-,---, tumor markers 259 
-, mesencephalic region 264 
-, operative approach 263,276 
-,--, criteria 266 
-,--, exposure 269 
-, stereotactic approach 270 
- tumors, in children 256 
-,-, diagnosis and surgical treat-

ment 259,270,276 
--, site 261,269 
-,-, survival rate 261 
--, treatment plan 275 
pineoblastoma 197 
pituitary hormones, in neuropatho-

logy 197 
--, releasing factors 256 
plateau waves 91,310 
posterior fossa, angiography, 

success rate 190 
--, cystic, non-tumorous lesions 

299 
-- tumors 250 
---, in children 299 
---, operative mortality 184,191, 

283 
, , prognosis 178,251 

sex distribution 176 
shunt treatment 185 
speech deficits 177 

, , spongioblastoma 175 
, , ventriculography 177 

--,-,-, success rate 190 
, , vestibular function 176 

--,-, vomiting with headache 294 
power spectrum, Fourier 92,93 
procarbazone, see "chemotherapy" 



prognosis, analysis of factors 182 
-,-- and mortality 352 

, ependymomas 216 
-, pineal neoplasms 259 
-, in posterior fossa tumors 178, 

251 
-,---, factors 190 
-, related to size and site 179 
-, traumatic coma, subgroups of 

factors 351 
prolactin, in anterior pituitary 

cells 201 
psychiatric disturbances, in 

posterior fossa tumors 176 
psycho-organic syndrome, post

operative 80 
Pudenz-Heyer, drainage 206 
pulse amplitude, in pressure 

measurement 91 
pyramidal, motor dysfunction 177 
-,-- in posterior fossa tumors 

177 

quadrigeminal plate, operative 
exposure 269 

--, stereotaxy 270 
-- tumors 272 
quality of life, postoperative 

285 
quotient densitometry 360,361 

radiation treatment, brain stem 
tumors, response 217 

cerebrospinal axis 288 
combined treatment 187 
dosage in pinealoma 258,262 
dose/time factors 219 
external therapy 275 

, interstitial implantation 
(Curie therapy) 272,275 
, mean doses 186 

--, megavoltage 212,218 
--, posterior fossa tumors 185, 

191 
--, postoperative, in astro

cytoma 214,215 
--,-, in medulloblastoma 211 
--, prophylactic, of spine 215,216, 

218 
--, radiosensitizers 211,220 
--,-, misonidazole 218 
--, whole brain for pinealoma 259, 

260,272 
reawaking, after traumatic coma 354 
rebleeding, danger 133 
recurrence of tumors, posterior 

fossa in children 182 
--, spongioblastoma, operation 191 
respirator treatment, in traumatic 

coma 351 
--,---, duration 354 

respiratory dysfunction, 
posterior fossa tumors 177 

ring blush 47 
-- in intracerebral hemorrhage 

44 
Royal Marsden Hospital, brain 

stem tumor series 217 
---, cerebellar astrocytoma 

series 214 
, ependymoma series 216 

---, medulloblastoma study 212 

sarcoma, leptomeningeal 219 
scintigraphy, ventricular 84 
sedation 24 
sex distribution, posterior 

fossa tumors 176 
shift, midline 99,100,107 
shunt procedures, associated 

with other treatment 191 
cell dissemination 183 
external drainage 249 
internal shunt 253 

, plus radiotherapy for 
pinealoma 258 

--, posterior tumors 185 
--, pressure controlled 

ventricular fluid drainage 249 
--, Pudenz-Heyer drainage 206 
sinuses, venous/dural, 

thrombosis 53,55 
-,--, causing acute intra

cranial hemorrhage 123 
-, superior sagittal 54,60 
-, thrombosis, treatment schedule 

126 
SlOP study 187 
--, medulloblastoma 212 
spasm, experimental in cats 73 
-, indicated by CBF 68 
-, treatment by hypertonia/ 

hypervolemia 81 
-, vascular 54,79,81,84 
speech, disturbances, posterior 

fossa tumors 177 
spongioblastoma, clinical findings 

294,295 
juvenile piloid lesion 214 
posterior fossa 175 
radiation and dosage 186,187 
recurrences in 182 

, treatment and prognosis 181 
-,--, schema 191 
spontaneous recovery from venous 

sinus thrombosis 126 
stereotaxy, aspiration of cyst 

276 
-, biopsy, stepwise 271,272,275 
-, neuropathological findings 

272 
-, pineal tumors 270,271,275 
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quadrigeminal plate tumors 270 
technical details 271 
ventriculocisternostomy 276, 

279 
steroids, avoidance 337 
-, brain abscess 304 
-,- edema, management 304 
-,-, metabolic pathways 304,305 
-, cortisone, pre-op. 24 
-, dexamethasone 25 
- modifying enhancement in CT 46 
streptokinase, for venous 

thrombosis 124 
stroke, basal ganglia hemorrhages 

90 
-, ischemic 93 
subarachnoid hemorrhage, 

angiography and clinical course 
83 

--,--, long-term prognosis 135 
--, bleeding 24,33,34,38,39,54,60 

79 
--,-, ECG 143 
--, experimental 73 
-, space 38 
-,-, clots 79 
"sudden death", Cushing, 1930/31 

251 
survival, brain tumor patients 

before and after CT 245,248 
-, ependymoma 216 
-, medulloblastoma 211 

factors involved 290 
-,-, long-term 288,289,290 
-,-, relation to age 288 
-, pinealoma 258,261 
-, quality 178,219,285 
-,-, head injuries after 

barbiturates 336 
-,-, after intraventricular 

hemorrhage 112 
-,-, rise 184 

temporal lobe 56,58 
--, lesions 106 
teratoma of pineal 258 
thrombosis, aseptic/septic 124 
-, cause of intracranial hemor-

rhage 123,124 
-, of venous sinuses 53,55 
tight endothelial junction, in

fluence of edema 319 
timing of operation, on intra-

cranial aneurysms 17,28 
tissue density in CT scan 33 
torcular Herophili 53 
tranexamic acid 131 
--, measurement of activity 132 
traumatic coma, caloric stimulation 

pattern 346 
--, early management 350 
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significance of blood 
pressure falls 350 

treatment, conservative 24 
-,- antifibrinolytic 24,131 
-,-, cortisone/dehydration/ 

sedation 24 
-,-, ventricular drainage 24 
-, intracerebral hematoma 105 
-, surgical, in medulloblastoma 

205,206 
-,- and radiation 211 
tumor, biological aspects (see 

under individual names) 
-, brain, primary and secondary 

47 
dormant remnant 284,287 
edema, peritumoral 315 
ependymoma 177 
evoked potentials in localisa-

tion 238 
-, glioma 177 
- markers 259 
-, medulloblastoma 177 
-,-, metastases 182 
-, meningioma, selective external 

carotid embolisation 384 
, operations 184 

-, partial removal 214 
-, pineal in children 256 
-,-, management 276 
-, posterior fossa 175,176,178, 

209 
-,-- in childhood 209 
-,-- CT appearances 177 
-,-- fixation suppression 228 
-,-- sex distribution 176 
-,-- survival before and after 

CT 248 
-,-- treatment and prognosis 

1 81 
, recurrence in children 182 

-, site related to prognosis 179 
-, size related to prognosis 

179,181 
, stereotactic approach 270 

-, supratentorial 209 
-, third ventricle, management 

276 
-, treatment schema 191,192 

ultrasonic velocity meter, 
microflow 372 

vascular, dysplasia 54 
-, occlusion 54 
vasodilator drugs 74 
vasogenic brain edema 304 
vasospasm (see also under spasm) 

13,67 
- in early angiography 17,27 
-, treatment with calcium anta-

gonists 67,74 



vein, compression 47 
-, tentorial 39 
-, venous hemorrhage 47 
ventricle, fourth, site of tumors 

178 
-,-, cystically dilated 
-, measurement of size 
ventricular, dilatation 
- drainage 24 
--, controlled (C-VFD) 
- hemorrhage 28 
--, spontaneous 111 
-, rupture 57 

299 
83,112 

84 

251 

ventriculo-cisternotomy 272 
ventriculography, posterior 

fossa tumors 177 
-,---, success rate 190 
vermis, site of tumor in 

children 178 

vertebrobasilar insufficiency 391 
vestibular, dysfunction in 

posterior fossa tumors 176 
-, vestibulo-ocular reaction in 

traumatic coma 347 
vincristine (see also chemo

therapy) 212 
viral antigens, in human brain 

tissue 197 
vomiting, with headache, in 

posterior fossa tumor 294 

white matter 53 
--, potassium content 305 
--, sodium content 305 
Willis, circle of 39 

Xenon, inhalation for CBF 
measurement 67,310 
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