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President's Opening Remarks 

W.J. Bockl 

In 1990 we celebrate the 40th anniversary of the founding of the Deutsche Gesell
schaft fUr Neurochirurgie, which in 1950 became the spiritual and scientific home 
of all German-speaking neurosurgeons. Originally it was to have been founded in 
1939. This plan was thwarted, however, by the course of history and delayed by 11 
years. After these 11 years of building up, a painful separation was enforced by the 
effects of political developments. One section of the membership was forced to re
sign and found its own society. Although the society's statutes were sacrificed to 
social structures, both scientific messages and human relations were kept alive. 
They have been preserved and extended over time. 

The exciting events of recent months enable us to meet again openly and without 
reserve, and to show to those once shut out: "We belong together again." 

It is a special pleasure to have neurosurgeons from the Societe BeIge de Neuro
chirurgie - Belgische Wetenschappelijke Vereniging voor Neurochirurgie and Ne
derlandse Vereniging van Neurochirurgie participating in this annual meeting, 
which is thus a joint meeting. The preparation period has shown us how many 
aspects we have in common, where further harmonization is required, and how 
much more important a European community of science is than all national fron
tiers knowing East and West, North and South only as geographical terms. With 
this in mind DUsseldorf, this centrally situated, open-minded city where we meet, 
has acquired a new significance which was not thought of when it was first selec
ted. 

As early as 1947 the then responsible city, together with the Academy of Medi
cine, in wise foresight and prompted by the then holder of the chair of internal 
medicine and neurology, Prof. Bodechtel, established a position for a neurosurgeon 
within the Department of Surgery. This was held by Hans Kuhlendahl from the 
summer of 1947, and by January 1960,30 years ago, neurosurgery had achieved a 
department of its own with a Chair of Neurosurgery. For this reason I am particu
larly pleased to welcome in person Hans Kuhlendahl, who will be 80 in a few 
weeks. 

During the years of my chairmanship, there is one line of thought which has 
preoccupied me in a particular way. At no previous time have there been such 
changes of staff in one field. No less than 14 Chairs and 5 positions as Head of De-

1 Direktor der Neurochirurgischen Universitatsklinik, Moorenstr.5, W-4000 DUsseldorf I, 
FRO 
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2 W.J.Bock 

partment were or are on offer. Thus the second and third generation of neurosur
geons is following or is about to follow the pioneers for 1950. This will give rise to 
further integration of the subject of neurosurgery, with its ability to encompass re
lated fields through its preoccupation with brain, spinal cord, and the peripheral 
nervous system, into the field of medical science and the teaching of students. 

Neurosurgery's period of growth and expansion is about to come to an end. No
netheless, it still appears necessary to point out that the unbalanced and biased sup
port often received from the administrative side does not always meet require
ments. Such decisions and actions, however, originate from the organ which is our 
daily interest as neurosurgeons, the brain. I therefore call upon young neurosur
geons to follow developments critically, to take up the task of being valiant scien
tists of their field, and to carry the burden of this work. This commitment will in 
the end result in pleasure and contentment with our profession. 

One present burden is a tremendous shortage of nursing staff. In stark contrast to 
the number of junior doctors available - some are even out of work - there is a 
staffing disaster in the nursing profession in Germany. The German hospital sy
stem, from university department to community hospital, is in danger. Staff shorta
ges are rapidly leading towards total collapse of the inpatient system. Half-empty 
nursing schools indicate that the peak of this problem is still ahead. This year or 
1991 at the latest will see even emergencies not being adequately attended to, and 
regular treatment will become very limited. All this foreseeable future, rather than 
calculated pessimism. In order to overcome this social emergency in German 
hospitals steps to be taken rapidly are: training programmes for those out of work 
and recruitment of staff who have left the profession; better timing of working 
shifts; but, above all, better pay for the nursing profession. It is our duty as physi
cians here and now to counteract the decline of a profession by acknowledging the 
outstanding achievements of our working colleagues. 

We have at present been forced to close down beds, thereby transferring contro
versies to the last participant of the chain of events, namely, the patient. This is 
indeed evidence of the ignorance of twentieth-century man. In addition, with 
respect to space available and technical equipment, many university departments 
figure below community and Church-supported hospitals, a situation which may 
also interfere with speedy recovery. 

Last year I discussed the approbation act with reference to neurosurgery. This 
year one further factor is to be added. Since January 1, 1990, a European training 
act is in force which incorporates a 6-year course with an additional period of 2 
years as a doctor-in-training, this model largely corresponding to our present pro
cedure. This European concept is being opposed by those in Germany who would 
attempt to modify the approbation procedure to a 5-year course and a 3-year 
doctor-in-training period. I must emphasize that the scientific study of medicine, 
with the ever-increasing amounts of knowledge about biological interactions on the 
one hand and the increasing importance of psychological and social factors for the 
definition of health and disease on the other, will not allow a reduction of the 
course of studies. I would like to remind you of Stefan Zweig who spiritually pre
pared the way for the mutual understanding of the nations and civilizations of Eu-
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rope and who is rightly called a great European. His admonition is that the present 
can only be understood if the traces of the past are followed. Understanding the 
past will point to the path we should take in the future. To him intellectual work 
was pure joy and personal freedom, the highest pleasure on earth, as he put it. This 
noble spirit may be a measure for discussion on a European level and the selfish
ness of some individual groups should give way before it. 

German science, founded on humanist tradition, will contribute considerably to 
this European process of integration. And thus I return to where I started from. The 
historic sites of humanist learning such as Weimar, Leipzig, and the Berlin of 
Humboldt have become accessible once again to all of us and will contribute their 
values towards the edifice of European science about to be set up, as will the tech
nical know-how of the Federal Republic. This noble task lies ahead in our field of 
neurosurgery as well. To follow the spirit of Karl Jaspers, who in his inaugurallec
ture in 1949 said: "University is only possible in the living communication of the 
men of research, of universitas in the cosmos of sciences, in studium generaie," a 
broad scientific spectrum is required for universal well-balanced learning. 

Jaspers looks at medicine as a comerstome of the university and at the physician 
as the down-to-earth philosopher. The physician's role does not at first sight appear 
to be very attractive. Looking at this formal training, however, one cannot help no
ticing that, increasingly, in addition to matters scientific, those from the fields of 
letters and social sciences have found their way there. Thus, a synthesis of various 
areas of science collectively influences the physician's thinking. Putting this into 
practice, however, he encounters a rigid course of work ordered according to the 
needs of an oganization. The pressure thus built up is frequently countered by the 
devious means of material compensation. The fascinating European task ahead of 
reviewing all aspects of life on our continent will also stimulate the role of the 
physician. 

If in conclusion I quote Erasmus of Rotterdam, who I consider one of the great 
European thinkers, I do so because he set standards both in synthetical and analyti
cal thinking. He who far-sightedly freed the philosophical, theological and scien
tific discoveries of his time from narrow selfishness also stated that the defective 
working of a single man's brain may create unrest in the whole world. In his lecture 
in praise of medicine he continues, "Care for this science with all your soul, give 
yourself with all your strength." Four centuries later we neurosurgeons take this to 
heart in our fateful manipulations of the brain. 

The great responsibility of our profession towards the individual must be found
ed on a concept of humanity based on humanist ideals. We are thus closer than ever 
to the realization of Erasmus' idea of the dissolution of controversies in a spirit of 
justice, in nations united by a community of civilization. 

Let us therefore offer our neurosurgical contribution to this magnificent edifice 
of science in Europe. 



Coordination of Neurosurgical Training 
in the Europe of the 1990s 

Round Table discussion, summarized by R. Fahlbusch1 

Participants: R. Fahlbusch (moderator) FRG; R. Braakman, Netherlands; 
M. Brock, FRG; C. Brocklehurst, UK; L. Calliauw, Belgium; Y. Keravel, France 

Introduction 

It was the desire of the officers of the three SOCleUes to discuss the topic 
"Coordination of Neurosurgical Training in the Europe of the 1990s." Our guests 
from Belgium were represented by Luc Calliauw and those from the Netherlands 
by Rainer Braakman: The host country was represented by Mario Brock. All partic
ipants have considerable experience of work in neurosurgery at the European level: 
Luc Calliauw as the present secretary of the European Association of Neurosurgi
cal Societies (EANS), Rainer Braakman as the chairman of the committee of the 
European board examination, and Mario Brock as the former chairman of the 
EANS training committee. 

When the trade boundaries in the European Community go down on the first day 
of 1993, there will be 12 member countries, not just three. For this reason Wolf 
Bock - Chairman of the Deutsche Gesellschaft fUr Neurochirurgie - also invited C. 
Brocklehurst from Hull. He is the President designate of the joint meeting to be 
held by the Society of British Neurological Surgeons and the Deutsche Gesellschaft 
fUr Neurochirurgie in 1992 in Hull. Further, Yves Keravel, President of the French 
Neurosurgical Society, also participated in the discussion. This limitation of repre
sentatives from different countries was intended to achieve greater efficiency. 
"EANS is more than the Common Market" [2]. We all know, at least since the end 
of the last year, that Europe means more than this: it includes the EFT A group as 
well as the eastern European countries, especially the GDR. 

Rudolf Fahlbusch was asked to moderate because of his position as Chairman of 
th~ National Training Committee of the FRG, the members of which are Profs. 
Eckard Halves, Hamburg; Norfrid Klug, Cologne; RUdiger Lorenz, Frankfurt; Jo
hannes Schramm, Bonn; and Wolf-Ingo Steudel, Frankfurt. Rudolf Fahlbusch is 
also the German delegate to the EANS Training Committee. 

Political Background 

In the night of December 31, 1992, the internal European market will come into 
being. The highest European institution, the European Commission with its presi-

1 Neurochirurgische Universitiitsklinik, Schwabachanlage 6 (Kopfklinikum), 
W-8520 Erlangen, FRG 
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dent Jacques Delors, has decided that the structure of the European Common Mar
ket should be completed by 1993. This is based on four freedoms: unhindered 
exchange of products, of services, of capital, and of manpower. Jacques Delors has 
the futuristic idea that by the mid-1990s about 80% of all regulations on economic 
and social life of 325 million Europeans will be decided in Brussels. The spirit of 
1993 will be: elimination of all border control of products and persons within the 
EC; no discrimination on grounds of nationality; and liberation and freedom of 
movement for all dependent and independent members of the labor force - inclu
ding neurosurgeons. There are two possibilities for harmonization: either uniformi
ty and unification at a European level, which would mean minimizing the standard 
in all fields, including neurosurgery, or preserving local qualifications in a feder
alist manner. For us this could be mean an optional European Board examination. 

For physicians the European Common Market has been a reality for 15 years. 
Since the recommendations of 16 June 1975 and 30 October 1989 by the European 
Council - on which all countries are represented at ministerial level - the legal 
framework has been in place. This means that there is mutual recognition of diplo
mas, examinations, and approbations. However, no detailed guidelines are given 
about the practice of medicine. There are minimum guidelines for the study of 
medicine, which is set at 6 years or 5500 hours. 

Chapter 4 of the guidelines says that acceptance of physicians in EC countries 
other than their country of origin is only possible in medical disciplines which al
ready exist in the former. There are 11 disciplines, including neurosurgery, which 
are generally accepted by all states of the European Community. However there are 
36 other disciplines which are only accepted in some countries. For example, an 
EC neurosurgeon can practice in Germany because neurosurgery is an official 
discipline there. However, a pediatric neurosurgeon from Italy is not allowed to 
practice pediatric neurosurgery in Germany, because this subdiscipline is not offi
cially accepted. 

Supranational Organizations of Physicians in Europe 

The permanent Committee of European Physicians (CP) receives suggestions and 
advice from other groups (Fig. 1). Two of the most important ones are the AEMH 
and the UEMS. In the AEMH (Association Euro¢enne de Mooecins H6pitaux) the 
medical heads of hospitals are represented; representatives from countries outside 
the EC such as Austria and Switzerland are members of this body. The second 
body, the UEMS (Union Euro¢ene de Medecins Specialists or European Union of 
Medical Specialists) is the Commission for harmonization. Its chairman is Dr. 
Schydlo, a pediatric psychiatrist in DUsseldorf. 

After the opening of the internal market Europe will have about 100000 unem
ployed physicians. Two hundred physicians from other EC countries work in the 
FRG. Four hundred German physicians work in Great Britain. Insurance systems 
must be accepted in Section 3 of the European Commission (chaired by Bange
mann). The present EC principle in this section is liberalization with a minimum of 
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centralization. The UMS (Union Europeenne of Medical Specialists) has an influ
ence on this section. The neurosurgical representative is Prof. Verbiest, Nether
lands. The German representative is Wolfgang Bock by his position as First Chair
man. This committee has not met for the last 5 years. Professor Kuttner, Berlin, is 
Chairman. 

On May 25, 1990, the German urologists organized a meeting on "Physicians in 
Europe 1993" in Brussels, although with German participants only [10]. 

Facilities and Service Requirements in Neurosurgery 

Minimum Requirementsfor Neurosurgical Units 

Following the EANS conclusions [3] there was general agreement that the follow
ing are the minimum requirements for any neurosurgical unit: 

- 40 Neurosurgical beds 
- A24-h service for elective and emergency procedures 
- Two operating theatres, at least one exclusively for neurosurgery 
- 250 Major operations per year 
- An intensive care unit 
- Full-time access to diagnostic facilities including computed tomography 
- Adequate operating theatre equipment including operating microscope and bi-

polar diathermy 
- Presence on staff of an anesthetist wich special responsibility for neuroanesthesia 
~ Full inclusion of neurotraumatology and pediatric neurosurgery in the unit 

In addition to the above, functional neurosurgery, a scientific library, and neuro
surgical laboratories are required [3]. The neuropathologist with facilities for rapid 
histological diagnosis need not necessarily be absolutely limited to a single unit. 

Minimum Requirementfor Training in Basic Neurosurgery 

According to the EANS resolutions [3] the minimum period of training should be 
6 years. Among the 12 countries of the EC this is accepted by all except three 
(Greece, Italy, Spain). However, only 16 of the 25 full member countries of the 
EANS have accepted this [5]. The Netherlands, Spain, and the United Kingdom 
have limited the number of trainees per year. The selection of candidates will also 
be a problem in future. The subject of prospective neurosurgical manpower is a 
very important one and will be come even more so in the future (Brock). 

The 6-year minimum period should always include 4 years in clinical neurosur
gery. The other periods are facultative: 

- 1 Year in surgical fields other than neurosurgery 
- 6 Months in medial neurology 
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- 6 Months in related disciplines such as neuroradiology, neuropathology, intensive 
care 

There is no clear agreement on the length of this optional period, which could vary. 
All participants agree that trainees should keep - as in Germany - a logbook of 
operating experience in the near future. This should include as a minimum the fol
lowing operations performed by the candidate himself: 30 operations on in
tracranial tumors, 30 spinal operations, 30 operations for cranial trauma, 10 opera
tions for hydrocephalus, 50 miscellaneous operations including for pain and vascu
lar surgery. 

Examinations (in European Countries) 

A final examination before completion of neurosurgical training is desirable. How
ever, to date this occurs only in Germany, in the form of an oral test. The qual
ification as Facharzt (specialist) is certified by the various Landesiirztekammer 
(State Chambers of Physicians), not by an institution of the government. In other 
countries, the neurosurgical qualification is awarded at national level by the central 
government. It was generally felt that all European countries would wish to have a 
final examination at the end of the training and that some assessment of operative 
ability should be made either at this stage or when the neurosurgeon is in practice. 
Mario Brock proposed that a standard neurosurgical operation should be part of the 
examination. Luc Calliauw argued that it is ethically untenable to do this on pa
tients, as the examiners have to accept that the physician being examined has the 
right to fail. 

It is intended that these minimum requirements for facilities and service and for 
training in basic neurosurgery should be introduced in each European country. The 
final goal is a European Board (see below). 

Neurosurgical Training Activities 

Local Activities in Different Countries 

In the Netherlands compulsory training courses are held twice a year, each lasting 
2 days. There are lectures on one particular topic and detailed discussions with the 
trainees. 

Since 1982 there has been an annual neurosurgical training course in Germany 
comparable to the annual courses of the EANS. The whole cycle of courses is 6 x 1 
annual 2 day course, which covers all important topics in neurosurgery. 

In the United Kingdom the annual training program deals mainly with basic neu
rosciences. Regional training is held in France. For the relatively small number of 
neurosurgeons in Belgium there is local training every month for about 2 h. 
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EANS Training Courses 

Of particular interest to those concerned with neurosurgical education are the Eu
ropean Courses in Neurosurgery [8]. The first EANS Training Course was held in 
Brussels in 1974. The activities of the Training Committee of the EANS had the 
following aims [5]: 

1. To ascertain the current situation with regard to postgraduate training in neu
rosurgery in the member countries of the EANS. 

2. To reach agreement on neurosurgical training of the different member countries 
and societies and to reach basic and minimal recommendations. 

3. To influence the national societies and member countries to assume these min
imal recommendations for training in neurosurgery endorsed by the EANS. 

4. To continue and to systematically carry out the Postgraduate Course in Neuro
surgery (very well organized by M. Brock during his chairmanship of the EANS 
Training Comittee). 

5. To extend neurosurgical teaching outside Europe. 
6. To examine the feasibility and usefulness of a European Certification Assess

ment in Neurosurgery. 

Other EANS Training Activities (Calliauw) 

Other training activities of the EANS include publications in an official journal of 
the EANS (Acta Neurochirurgica) and in Advances and Technical Standards in 
Neurosurgery. Other activities are an annual winter symposium (Vice-presidents' 
meeting) including coverage of a particular neurosurgical topic and the presenta
tion of the European lecture, given by an outstanding European neurosurgical per
sonality. Since 1985 advanced seminars in neurosurgical research have been held 
annually. The neurosurgical training activities also include courses for the Pan
Arab Union of Neurosciences every 2 years. 

European Board of Neurosurgery (Braakman) 

European Examination Practice 

After completing a 5-year cycle of the European training courses, an oral examina
tion - combined since a year ago with multiple choice questions - can be taken on 
a voluntary basis and successful candidates are then certificated. 
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Future Examination Practice 

Science 1988, a committee consisting of seven neurosurgeons from different EANS 
countries has worked out proposals, which are to be discussed and, hopefully, ac
cepted by the Administrative Council of the EANS during its meeting in September 
1990, during the European Course in Neurosurgery in Jerusalem. A two-part ex
amination has been proposed: 

Part 1: A primary multiple choice examination which can be taken by any trainee 
in an official program in a European country, provided that this program is 
an officially accredited program for neurosurgery, that the trainee is in the 
3rd year of training or later, and that the program director has consented to 
the trainee's taking the examination. Qualified neurosurgeons may also take 
this examination. 

Part 2: If the first examination is passed successfully, a candidate may apply after a 
period of at least 18 months for a final, oral examination lasting 3 x 1 h, 
during which diagnostic procedures and the surgical management of specif
ic cases will be discussed. This examination can only be taken 2 years or 
more after certification as a neurosurgeon by the appropriate national neuro
surgical society (or other authorized institution). A survey of the operative 
experience gained during 1 continuous year of neurosurgical practice has to 
be presented and to be accepted as sufficient by the official examination 
board. 

This examination is not compulsory but voluntary. It is not a substitute for the na
tionallicense, but is intended rather to set a standard at the highest level. It is more 
a priZe than a license. Generally speaking, the level of the diploma obtained by this 
examination will be higher than the level represented by a national license. 

Neurosurgeons will not be the first physicians to introduce European examina
tions (Fahlbusch). European anesthesiologists have had good experience with Eu
ropean Board Examinations for several years [6]. 

The American Board of Neurosurgery also holds a voluntary examination; at 
present about 80% of American neurosurgeons have successfully passed it. It is a 
long procedure, but in contrast with the European position, an operative logbook is 
not obligatory. The examination is not obligatory and it is quite possible to start a 
practice without having passed it; however, at present it is almost impossible to 
obtain a position in the larger American hospitals without this diploma (E. Laws, 
personal communication). 

Other Considerations for the Future 

Rotating in Europe, as requested by Brihaye et al. [3] is not easy at present. Fi
nancial support from the Erasmus program, for example, is available only for 
teachers and medical students, not for neurosurgical residents. 
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It was recognized that exchange of neurosurgeons at various levels of training is 
theoretically possible. Where posts are advertised, discrimination among applicants 
on the basis of nationality can be eliminated. However, emphasis was placed more 
on prearranged exchanges between units as part of each country's training program. 

Looking forward, the "European spirit" in neurosurgery [2] in the year 2000 
would be: to keep the standard and to introduce it into eastern countries as well 
(Calliauw), better integration of the United Kingdom into the European Commu
nity (Brocklehurst), more integration and more compatibility (Keravel), and Euro
pean Certification (Brock). There was general agreement about subspecialization 
[7] so as to resist the tendency to split into small groups, which would mean isola
tion. All specialists should receive a solid general training in neurosurgery and with 
only few exceptions should practice within an organized clinical framework. Per
sonality is an important role in neurosurgical training, in the trainee as well as the 
teacher (Brock). The following personal characteristics are required: surgical 
ability, good character, integration of knowledge, decisive personality, manual 
skill. 

Finally, there is an open discussion as how to influence the European Commis
sion. "The EANS is not a university and has no legal status" [2]. For this reason, 
the European Commission can only be influenced via the Permanent Committee of 
European Physicians (CP) and the European Union of Medical Specialists 
(UEMS). Their members should meet as soon as possible. It would be wise to see 
the administrative mechanisms to present the views of neurosurgeons set up in the 
European Community before less informed regulations are drawn up (Brockle
hurst). 
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Perioperative Monitoring of Subarachnoid 
Hemorrhage: Transcranial Doppler Sonography 
and Somatosensory Evoked Potentials 

R. Laumer, R. Steinmeier, F. Gonner, R. Fahlbusch, J. Schramm, M. Muck, 
B. Hinkelmann, and M. Purrucker1 

Transcranial Doppler Sonography (TCDS) is a well-established method for detect
ing changes in flow velocities in basal cerebral arteries following subarachnoid 
hemorrhage. However, conclusions on cerebral blood flow cannot be directly 
drawn from such TCDS findings. In addition, recent investigations have shown 
further restrictions because of discrepancies between Doppler findings and patients' 
neurological status [1-3]. 

The usefulness of somatosensory evoked potentials (SEP) during aneurysm sur
gery has been reported in several studies and is widely accepted. Especially during 
temporary clipping of main branches of the basal cerebral arteries, the advantage of 
SEP monitoring is obvious. Descriptions of the perioperative use of this form of 
monitoring are contradictory [1,4-6]. The present study aimed to evaluate the ad
vantage of investigations combining TCDS and SEP monitoring. 

Patients and Methods 

In a prospective study, the relationship between SEPs, TCDS findings and clinical 
status was compared in 35 patients with subarachnoid hemorrhage. 

Using TCDS (EME 3-D; Eden Medizinische Elektronik, Uberlingen, FRG), the 
mean, systolic and diastolic velocities in the middle cerebral, anterior cerebral and 
internal carotid arteries were measured. The data relating to SEPs (Nicolet Path
finder I; Nicolet Biomedical Instruments, Medusa, USA) were central conduction 
time (CCT) and the N20/N14 amplitude ratio after stimulation of the median nerve. 
The findings of serial combined SEP investigations and TCDS at 1- to 3-day inter
vals until discharge or death were compared to the neurological status. 

Results 

TCDS proved to be of very restricted reliability in the prediction of neurological 
deficits. Nine patients had mean velocities over 200 cmls and systolic velocities 
over 300 cmls without any concurrent signs of clinical deterioration. In these pa-

1 Neurochirurgische Klinik mit Poliklinik, Universitat Erlangen-Numberg, Schwabachan
lage 6, W-8520 Erlangen, FRO 
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Fig. 1. A 26-year-old woman, operated on for an aneurysm of the right middle cerebral ar
tery: constant Hunt and Hess grade I. While TeD indicated severe vasospasm on the affected 
side, with flow velocities around 200 cm/s, stable values for central conduction time and 
N20/N14 amplitude ratio seem to indicate good compensation 

tients, stable CCT and N20/N14 amplitude ratios seemed to indicate adequate com
pensatory circulation (Fig. 1). 

In Hunt and Hess grade IV patients, a normalization of increased flow velocities 
did not allow any prognostic conclusions. Simultaneous prolongation of CCT and 
decrease in amplitude, however, was found to correlate positively with poor out
come (Fig. 2). 

Conclusion 

Tcns is a sensitive and noninvasive method for detecting vasospasm patients with 
subarachnoid hemorrhage. However, its prognostic value in regard to delayed 
ischemic deficits is limited. Even high flow velocities, over 200 cm/s are not nec
essarily associated with deficits.In such cases, simultaneous SEP monitoring seems 
to be able to detect adequate compensation and improves the prognostic capacity of 
TCnS. In patients whose condition was Hunt and Hess grade IV or V, a normali
zation of flow velocities as detected by TCnS seemed to indicate that improvement 
was imminent although clinically the condition of the patients deteriorated. In such 
patients SEP monitoring can be used prognostically, since continuous prolongation 
of central conduction time and a reduction in the N20/N14 amplitude ratio was 
found to be in positive correlation to poor outcome. 
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Fig. 2. A 42-year-old man, operated on for an aneurysm of the right internal carotid artery; 
deteriorated from Hunt and Hess grade IV to V. While TCD showed decreasing flow veloc
ities, a continuous increase in central conduction time and decrease in N20/N14 amplitude 
ratio could be used to predict a poor outcome 
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Mechanisms of K +-induced Glial SwelIing* 

H. Weigt, F. Staub, 0. Kempski, J, Peters, F. v. Rosen, and A. Baethmann1 

Abstract 

The effect of high extracellular K + (K + J on glial swelling was analyzed in vitro 
employing C6 glioma cells or astrocytes obtained from primary culture. The cells 
were suspended in an incubation chamber with continuous control of pH, temper
ature, and paz. Cell swelling was quantified by flow cytometry. After a control 
period, the K+e level in the suspension medium was increased to 30 roM, with 
maintenance of isotonicity and normal pH. Elevation of K + e led to an increase in 
cell volume by 7%-10% within 12 min. This was followed by spontaneous normal
ization of volume although K+e remained increased. The K+-induced glial swelling 
was prevented by ouabain or by inhibition of glycolysis using iodoacetate. The 
findings indicate that cell swelling from high K + e results from intracellular accu
mulation of this ion secondary to activation of Na+/K +-A TPase. Cell swelling under 
these conditions is supported by enhanced intracellular formation of lactic acid 
resulting from K + e-induce:l stimulation of anaerobic metabolism. 

Introduction 

An important manifestation of ischemic brain edema is swelling of glial cells and 
of dendrites, i.e., cytotoxic brain edema [1, 7]. The underlying mechanisms re
sulting in ischemic brain edema are far from understood, perhaps because in isch
emia many processes become simultaneously activated in a particularly complex 
tissue. Assessment of the molecular mechanisms underlying ischemic cell swelling 
and cell demage is therefore rather difficult. Accumulation of K + ions in the extra
cellular compartment is regularly observed in cerebral ischemia. It has been shown 
that interstitial K+ concentrations in cerebral cortex may rise as high as 80 roM [9]. 
Therefore, it is conceivable that this phenomenon is involved in cytotoxic cell 
swelling, possibly damaging astrocytes and neurons. 

In vitro conditions permit a high level of control, so that the significance of a 
single pathophysiological factor such as high K + e can be analyzed in isolation as to 
its function in the induction of cell swelling. C6 gliomas, which are employed in a 
variety of studies on glial function, have been used for this purpose [2, 8]. Many 
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findings obtained using that cell line have been confinned in experiments using 
astrocytes from primary culture [6]. 

Materials and Methods 

C6 glioma cells [2] were cultivated as monolayers in Petri dishes using Dulbecco's 
modified minimal essential medium (DMEM) with 25 mM bicarbonate. The me
dium was supplemented with 10% fetal calf serum (PCS) and 100 IV/ml penicillin 
G and 50 ~g/ml streptomycin. The cells were grown in a humidified atmosphere of 
5% C02 and 95% room air at 3TC. Glial cells from primary culture were prepared 
from 3-day-old DB9 rats according to a method modified from the procedure de
scribed by Frangakis and Kimelberg [3]. The culture conditions were identical with 
those described above. For the experiments only confluent cultures were used. The 
cells were harvested with 0.05% trypsin-0.02% EDT A in phosphate-buffered saline 
and then washed twice. After resuspension in serum-free medium the glial cells 
were transferred to a plexiglas incubation chamber supplied with electrodes for 
control of pH, temperature, and p02. A gas-permeable silicon rubber tube in the 
chamber provided the suspended cells with a mixutre of 02' CO2, and N2. Sedi
mentation of the cells was prevented by a magnetic stirrer. Further details of the in 
vitro model have been published elsewere [5,6]. 

Cell volume was determined by flow cytometry using an advanced Coulter sys
tem with hydrodynamic focusing [4]. The effect of high K+e on the volume of the 
glial cells was analyzed by increasing K + in the suspension medium to 30 mM after 
a control period with a normal K + concentration. In additional experiments 1 mM 
ouabain or 2.5 mM iodoacetate were administered during the control period 
(15 min) prior to increasing the K+ level in the medium. 

Results 

Table 1. Volume response of C6 glioma cells or astrocytes to increasing the K+ concentra
tion in the suspension medium to 30 rnM. Means ± SEM of cell volume in 6 experiments as 
percentage of control 

Control 

Time (min) -15 -10 -5 

C6 glioma cells 
volume (%) 99.81 100.27 100.14 
SEM 0.26 0.23 0.34 

Primary culture 
volume (%) 100.12 100.04 99.84 
SEM 0.30 0.27 0.55 

1 7 12 20 40 60 

101.60 104.53 106.52 102.90 101.42 100.44 
0.73 0.62 0.49 0.57 0.44 0.94 

101.20 107.85 109.97 106.21 104.75 103.04 
0.91 1.93 2.09 1.58 1.90 1.39 
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Raising the K + concentration in the medium to 30 mM led to a volume increase of 
C6 glioma cells to 104.53 ± 0.62% (mean ± SEM) within 7 min (p < om, Table 1). 
The maximum cell swelling was reached at 12 min, with an increase in cell volume 
to 106.52 ± 0.49% of control. This was followed by spontaneous volume normali
zation, although the extracellular K + level remained high. After 60 min, cell 
volume had completely recovered to normal (Table 1). A similar biphase volume 
response to raised K + e level was obtained in astrocytes from primary culture. Cell 
swelling was significant within 3 min (p < 0.01) after raising extracellular K+ to 
30 mM. Again a maximum was seen after 12 min, reaching 109.97 ± 2.09% of 
control. Cell volume normalized subsequently to 103.04 ± 1.39% within 60 min. 

Additional experiments were performed to analyze the mechanisms of K +-in
duced glial swelling. Inhibition of Na+JK+-ATPase by ouabain had no effect on cell 
volume during the control period [6]. However when, the K + concentration was 
elevated to 30 mM, cellular swelling was almost completely inhibited (p < 0.01). 
Similar re-sults were obtained by addition of iodoacetate to inhibit anaerobic gly
colysis in the presence of 30 mM K+. Then, cell volume of C6 glioma remained 
normal for about 20 min (p < 0.01), but it increased slightly during the following 
observation period. The viability of the glial cells was not adversely affected by 
any experimental condition during exposure to elevated K + concentrations in the 
medium. 

Discussion 

The data indicate that the mechanisms causing glial swelling and subsequent re
cbvery from high K+ concentrations are complex. A function of glial cells is clear
ance of K + ions from the extracellular space once their level exceeds the normal 
concentration [10]. Cellular uptake of K + involves Na+JK +-A TPase and thereby ac
tivates the energy metabolism. As shown, inhibition of the Na+JK +-A TPase by oua
bain prevented swelling of the glial cells in response to high K + levels in the me
dium. Since uptake of K+ ions is associated with a discharge of intracellular Na+, 
however, activation of this process including Na+JK+-ATPase may still not suffice 
to explain the K+-induced glial swelling. The activation of the ion pump results in 
an increased consumption of metabolic energy, which stimulates aerobic and anaer
obic metabolism. Consequently, respiration and glycolysis increase, leading to en
hanced formation of CO2 and lactic acid. CO2 associates with H20, forming 
H2C03• The resulting carbonic acid decays into H+- and HC03 ions, which are 
eliminated by the Na+JH+- and CI-JHC03- antiporters, causing intracellular accu
mulation of Na+ and Cl-ions [6]. The activation of anaerobic glycolysis by supra
normal K + levels in the medium may lead to intracellular accumulation of lactic 
acid; this can be concluded from the experiments conducted with the addition of 
iodoacetate to inhibit formation of lactic acid, in which the K+-induced cell swel
ling was largely prevented. Finally, the spontaneous normalization of the cell vol
ume after initial swelling from high K + levels requires a possible discharge of os
motic active solutes from the cells. The solutes may be lactate anions, which can 



Mechanisms of K+-induced Glial Swelling 23 

leave the glial cells by utilizing specific transport mechanisms [11]. In conclusion, 
the present results support the idea that glial swelling induced by higher than nor
mal K + levels in the culture medium reflects a homeostatic control function of 
these cells. The increase in cell volume may be the price paid for activation of a 
vital mechanism allowing reestablishment of the normal extracellular K + levels 
necessary for maintenance of neuronal function. 
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Effects of Anesthetic Agents on Brain Edema 
and Cerebral Blood Flow from a Focal Cold Lesion 
in Rabbit Brain * 

R. Murr1, L. Schfirerz, S. BergerZ, R. Enzenbach1, and A. Baethmannz 

Introduction 

Brain edema is a major cause of morbidity and mortality in patients with severe 
head injury. Anesthetic agents, which often have to be administered in these pati
ents for diagnostic or operative procedures, usually decrease cerebral metabolism 
[7]. On the other hand, inhalation anesthetics may increase cerebral blood flow 
(CBF) by vasodilation of brain vessels [1]. Therefore, anesthesia may either protect 
the injured brain by reduction of metabolism, or contribute to the spread of brain 
edema by cerebral hyperemia. To date, little information is available about the ef
fect of anesthetic agents in traumatized brain. We therefore carried out experimen
tal investigations to analyze the influence of isoflurane, fentanyl, thiopental, and a
chloralose on regional cerebral blood flow (rCBF) and formation of brain edema 
from a focal injury to the brain. 

Materials and Methods 

Four groups of six New Zealand White rabbits each were studied. In all groups, 
anesthesia was induced with thiopental. After tracheotomy and the start of artificial 
ventilation (30% 0z/70%, Nz, PCOz = 35-37 mmHg), the following anesthetic 
agents were administered: isoflurane (I) 1 minimal alveolor concentration (MAC) 
(in rabbits 2.1 vol%), fentanyl (F; per kg b.w.: 5 Jlg bolus, 90 min 1 Jlg/min, there
after 0.5 Jlg/min), thiopental (T; 32.5 mg/kg b.w. per hour), and a-chloralose (C; 
50 mg/kg b.w.). In the isoflurane group, angiotensin IT at a mean dosage of 0.15 
Jlg/kg b.w. min was given to support the blood pressure. Arterial and venous 
catheters were placed in femoral vessels for monitoring (mean arterial blood pres
sure, blood gases, hematocrit) and for administration of fluids and drugs. After fix
ation of the head, the left hemisphere was completely exposed by a rectangular 
trephination. Four platinum needle electrodes (diameter 75 Jlm) were then placed 
into the cortical gray matter at the lateral border of the skull window ffir measure
ment of rCBF by Hz clearance. The electrodes were placed at different distances 
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from the lesion, e.g. 5,9, 13, and 17 mm from the center of trauma. The brain sur
face was protected by a thick layer of paraffin oil. After control measurements a 
focal cold lesion according to Klatzko [6] was induced in the occipital region of the 
brain. Measurements of rCBF were taken at intervals of 15 min in the 1st h, and 
20 min during the remaining experimental period until termination of the experi
ment 6 h after trauma. The brain was then rapidly removed and frozen. For as
sessment of specific gravity (SG), the brain was sectioned in 7 coronal slices. Small 
tissue samples taken from standardized areas were immersed in a linear density 
column (perc oIl) for assessment of SG. 

Results 

PC02 and hematocrit remained largely unchanged throughout the experimental 
course and did not differ between the groups. Arterial pressure was 78, 86, 72, and 
88 mmHg in groups I, F, T, and C respectively. Control values ofrCBF in the four 
groups ranged from 40 to 65 mVl00 g min. After induction of the lesion, market 
hyperemia of 30-60 min duration was observed with fentanyl (increase to 127%) 
and a-chloralose (increase to 204%) in the vicinity of the focus, while blood flow 
was only moderately altered with isoflurane (155%), or thiopental anesthesia 
(86%). In the later course of the experiment, rCBF remained largely unchanged in 
this area in animals receiving a-chloralose. On the other hand, regional perfusion 
close to the lesion decreased markedly below control with isoflurane, fentanyl, and 
thiopental anesthesia (-24%, -23%, -17%) 3-4 h after trauma. Also in areas distant 
from the lesion, a hyperemic response was observed in all groups subjected to dif
ferent forms of anesthesia. Later, blood flow remained largely unchanged with 
thiopental, or increased moderately with a-chloralose. With fentanyl anesthesia, 
rCBF also decreased in areas distant to the lesion (-11%). Animals with isoflurane 
anesthesia, however, then had a marked and long-lasting second hyperemic re
sponse, with increases of flow to 122%. Further details of the cerebral blood flow 
response have been published elsewhere [8]. 

Values of SG averaged from two sections in the region of the lesion and the cor
responding contralateral site are given in Table 1. Decreases in SG indicate an in
creased water content. In the lesioned hemisphere, a marked and significant 

Table 1. Specific gravity (g/cm3) of white matter in the vicinity of a focal lesion and in the 
corresponding regions of the contralateral hemisphere 

Group Lesion Contralateral 

Isoflurane 1.0327 ± 0.0004 n=33 1.0347 ± 0.0004 n=24 
Fentanyl 1.0321 ± 0.0005 n=28 1.0341 ± 0.0004 n=22 
Thiopental 1.0319 ± 0.0005 n =21 1.0341 ± 0.0004 n= 18 
a.-Chloral. 1.0306 ± 0.0006 n=29 1.0332 ± 0.0004 n= 18 
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(p < 0.01) decrease in SG was found compared to the corresponding region of the 
contralateral hemisphere. The lowest values for SG were found in a-chloralose 
anesthesia and were significantly different from the values with isoflurane or fen
tanyl anesthesia. There were no significant differences in SG between groups I, F, 
andT. 

Discussion 

The immediate and pronounced hyperemia after focal cold injury as observed with 
isoflurane and fentanyl anesthesia in our experiments is in contrast to other studies, 
where depression of blood flow was found in inverse relationship to distance from 
the lesion [3, 9]. However, in those studies, rCBF was not measured in the 1st h 
after trauma. Further, a closed-skull preparation was employed, allowing the in
tracranial pressure to rise quickly after trauma. This may have blunted the post
traumatic hyperemic response. Recent studies focusing on microcirculatory altera
tions from cerebral lesions have found brief hyperemia associated with pial vaso
dilation after fluid percussion injury or cold lesion [2, 11]. Since post-traumatic 
hyperemia may enhance the formation of brain edema, its extent and duration is of 
considerable clinical importance. While in our experiments isoflurane led to 
marked early and late hyperemia, with fentanyl hyperemia was limited to a period 
of 60-90 min after trauma. This was followed a decrease in flow in all regions later 
on. Animals receiving thiopental had only a moderate increase in blood flow after 
induction of the lesion, and the blood flow remained largely unchanged during the 
later experimental observation period. 

In spite of the rather variable flow pattern, measurements of SG revealed no spe
cific influence of anesthesia on the water content in groups C, F, and T. Inhalation 
anesthetics such as isoflurane are considered less suitable for neurosurgical proce
dures, since with a traumatized brain the agents may increase intracranial pressure 
and support the formation of brain edema [4, 10]. Recently, Kaieda et al. [5] have 
analyzed this question again, but found no differences between inhalation anesthet
ics and barbiturates in the formation of brain edema from a focal lesion. In addition 
to a hyperemic blood flow response, an increase of the systemic blood pressure 
may also contribute to the formation of vasogenic brain edema in the presence of a 
cerebral lesion. The comparatively high blood pressure observed in animals receiv
ing a-chloralose may be responsible for the somewhat more pronounced extrava
sation of edema in this group. However, animals receiving fentanyl had an even 
higher blood pressure than those receiving thiopental, but there was no difference 
in the effect on brain edema formation in those groups. 

In conclusion, despite the marked variety of blood flow response to focal trauma 
observed in animals subjected to different forms of anesthesia, the development of 
vasogenic brain edema was obviously not affected by the anesthetic procedures. 
However, this conclusion is valid only in open-skull conditions, in which brain 
swelling or increased cerebral blood flow are unlikely to result in an increase in in
tracranial pressure. 



Effects of Anesthetic Agents on Brain Edema 27 

Summary 

Anesthetic agents reduce cerebral metabolism and may impair coupling of cerebral 
blood flow and metabolism. We analyzed the effects of isoflurane (I; I MAC), 
fentanyl (F), thiopental (T; 32.5 mg/kg h) and a-chloralose (C) on regional cerebral 
blood flow (rCBF) and brain edema formation after a focal cerebral injury (cold le
sion) in rabbits (n = 6 per group) In the isoflurane group, angiotensin II (0.15 
~g/kg min) was given to maintain blood pressure. rCBF of cerebral cortex was 
measured three times an hour by H2 clearance with needle electrodes placed at dif
ferent distances to the lesion for 6 h after induction of trauma. Thereafter, samples 
of white matter were obtained from near the focal lesion and from corresponding 
areas of the contralateral hemisphere for measurement of specific gravity (SG) by a 
linear density column (percoll). Blood pressure was 78, 86, 72, and 88 mmHg in 
groups I, F, T, and C, respectively. After induction of the lesion, hyperemia lasting 
approximately 1 h was observed in all groups. This was most pronounced distant 
from the lesion. Close to the lesion rCBF remained unchanged in groups C and T, 
but fell significantly below control in I and F. The blood flow response distant from 
the trauma was characterized by a moderate increase (C), or no alteration (T), while 
isoflurane animals had pronounced secondary hyperemia for about 3 h. With fenta
nyl, however, rCBF was markedly reduced in this area. The SG of white matter 
close to the lesion decreased significantly to values of 1.032 g/cm3 (I, F, T) or 
1.031 g/cm3 (C), indicating edema. Specific gravity was 1.034 g/cm3 in the 
contralateral hemisphere (control). The differences between groups I, F, and T in 
SG adjacent to the lesion were not statistically significant. However, significant 
differences were observed between the SG in group C and in the other groups. It is 
conduded that in an open-skull preparation, formation of post-traumatic brain 
edema from a focal cerebral lesion does not seem to be markedly affected by either 
hyperemia or a reduction of blood flow from various anesthetic agents, at least dur
ing the first few hours after trauma. 
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Single-Stage Neuro-rhinosurgical Operation 
and Management of Malignant Tumors 
of the Anterior Cranial Skull Base 

U. Neubauerl, R. Fahlbusch1, M.E. Wigand2, and M. Weidenbecher2 

Introduction 

The anatomical relationships in malignant tumors of the anterior cranial skull base 
with additional involvement of both the intracranial space and the paranasal si
nuses, the orbit, and the nasal cavity has resulted in different surgical approaches to 
these tumors. Most authors prefer separate transcranial and trans facial approaches. 
We present the method and results of a single-stage transcranial-transbasal ap
proach which permits total removal of the tumor without an additional transfacial 
operation. The authors' experiences with this technique in the treatment of esthe
sioneuroblastomas have already been reported on elsewhere [5]. 

Patients and Methods 

Twelve patients with malignant tumors of the anterior cranial fossa were treated 
between 1984 and 1990. The average age of the patients was 43 years; the youngest 
was 6 and the oldest 76 years old. The sexes were equally affected, with 6 male and 
6 female patients. The most frequent symptom was impaired nasal breathing, fol
lowed by anosmia and epistaxis (Table 1). 

Table 1. Clinical symptoms of 12 patients undergoing 
the single-stage operation 

Symptom No. of patients 

Nasal obstruction 10 
Anosmia 9 
Ep~rnx~ 6 
Proptosis 5 
Signs of increased intracranial pressure 2 

1 Neurochirurgische Klinik mit Poliklinik, Universitiit Erlangen-Niimberg, Schwabachan
lage 6, W -8520 Erlangen, FRO 

2 Hals-Nasen-Ohren-Klinik, Universitiit Erlangen-Niimberg, Waldstr. 1, W-8520 Erlangen, 
FRO 

Advances in Neurosurgery, Vol. 19 
W. J. Bock, Ch. Lumenta, M. Brock, M. Klinger (Eds.) 
© Springer-Verlag Berlin Heidelberg 1991 



a 

30 U. Neubauer et al. 

Fig. 1. a Frontal and b sagittal computed tomograms of adenocystic carcinoma of the anteri
or skull base with some cystic intracranial growth 

Diagnosis 

All patients were investigated by plain radiography and computed tomography 
which clearly revealed the intra- and extracranial extent of tumor growth and the 
bony destruction of the skull base (Fig. 1). The histological diagnosis was con
firmed by endoscopic biopsy. 

Operative Treatment 

1. The procedure starts with a bifrontal craniotomy with the patient lying supine. A 
large pedicled pericranial flap is preserved, later to be utilized for the closure of 
the skull base. 

2. The intracranial part of the tumor is removed. 
3. The affected basal dura and skull base are resected, giving access to the frontal, 

ethmoidal and sphenoidal sinuses. 
4. The tumor within these sinuses is removed. 
5. If the orbit is involved, it is opened from the roof and medial wall and all tumor 

tissue resected. 
6. The tumor in the nasal cavity and maxillary sinuses is resected. 
7. The skull base is closed with two layers of autologous material only: fascia lata 

and a pedicled pericranial flap. No bone grafts or any artificial material is used. 

b 



Single-Stage Neuro-rhinosurgical Operation 31 

Results 

The postoperative follow-up and adjuvant irradiation therapy in our 12 patients has 
now reached 3-44 months (mean 20.3 months). The long-term survival rate is 83%. 
Two of our 12 patients died due to local recurrences or distant metastasis between 
10 and 13 months after surgery. 

Among the survivors with a mean follow-up of 21.9 months, we have five (41 %) 
with tumor recurrence diagnosed 8-30 months postoperatively. These patients have 
been living with their recurrent tumor for an average of 13.8 months. Five patients 
(41 %) have been free of recurrence for between 3 and 36 months (mean 20.2 
months). 

Complications of the method are rare: in our series, one infected bone flap and 
one intracerebral hematoma of uneventful course (Table 2). 

Table 2. Management of 12 patients undergoing the single-stage operation 

Age Sex Twnor Histol. diagnosis Irradiation Complications Follow-up 
location" 

1. 53 M 1.2.4.6.7 Adenocystic carcinoma Postop. Recurrence 30 mo. 
Alive 43 mo. 

2. 52 M 1.2.6 Adenocystic carcinoma Postop. Alive 31 mo. 
3. 31 F 1.2.4.7 Adenocystic carcinoma Postop. osteo- Recurrence 25 mo. 

myelitis Alive 44 mo. 
4. 29 M 1.2.4.6 Undiff. carcinoma Postop. Recurrence 12 mo. 

Alive 36 mo. 
5. 51 M 1.2.6 Adenocystic carcinoma Postop. Recurrence 8 mo. 

Alive 27 mo. 
6. 47 M Adenocystic carcinoma Preop. Died 10 mo. 
7. 53 M 1.2.5.6 Squamous cell carcinoma Preop. Recurrence 6 mo. 

Died 13 mo. 
8. 76 F 1.6 Adenocystic carcinoma Postop. ICH Recurrence 22 mo. 

Alive 28 mo. 
9. 51 F 1.6.7 Squamous cell carcinoma Postop. Alive 6 mo. 

10. 6 F 1.2.4 Rhabdomyosarcoma Preop. Alive 35 mo. 
11. 8 F 1.2.4.6 Rhabdomyosarcoma Preop. Alive 23 mo. 
12. 74 F 1-7 Chondrosarcoma Postop. Alive 3 mo. 

" 1. Nasal cavity; 2. Ethmoidal sinus; 3. Frontal sinus; 4. Sphenoidal sinus; 5. Maxillary sinus; 
6. Intracranial (subfrontal); 7. Orbit 
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Conclusion 

The transcranial-transbasal approach to malignant tumors of the anterior cranial 
skull base allows radical removal of these tumors with additional transfacial opem
tion. The use of bone grafts and homologous material for the closure of the skull 
base, as recommended in the litemture [1, 3,4, 7], is unnecessary. Long-term sur
vival and complication rates are comparable to those associated with the combined 
approaches [2,6,8]. 
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Diagnostic and Interventional Neuroradiology 
of Brain Arteriovenous Malformations: 
Implications on Angioarchitecture for Embolization 

A. Valavanis1 and W. Miiller-ForelI2 

Introduction 

The introduction of high-field. high-resolution magnetic resonance imaging (MRI) 
and recent advances in the field of superselective neuroangiography have signifi
cantly improved the neuroradiologic evaluation of brain arteriovenous malforma
tions (A VMs) and contributed to a more profound understanding of their angio
architectural and hemodynamic features. In tum. this recently accumulated know
ledge has influenced the indications. goals. and techniques of embolization of brain 
A VMs. This paper summarizes our experience with the use of high-field MRI. su
perselective angiography. and embolization in assessment and treatment of 108 pa
tients with brain A VMs between 1986 and 1990. and reviews the recent literature 
on the subject. 

Neuroradiologic Assessment 

ThOrough neuroradiologic assessment of cerebral A VMs is essential before decid
ing how to proceed with treatment in a given case. The neuroradiologic assessment 
should include multiplanar Tl- and T2-weighted MRI and complete superseletive 
angiography of the lesion. 

MRI has proved superior to computed tomography (CT) in delineating the to
pography of A VMs and depicting associated changes in the surrounding brain 
parenchyme [6]. However. for emergency examination of patients with cerebral 
A VMs. e.g .• after acute hemorrhage or stroke. CT still represents the modality of 
choice. because it is readily accessible and rapidly provides information on the 
underlying cause of the patient's acute clinical deterioration. 

On MRI. A VMs presents a signal-void area consisting of dilated vessels arran
ged in a coiled. vermiform pattern [2]. In the vicinity of the nidus of the AVM di
lated vessels can be recognized. which are the feeding arteries and draining veins. 
Typically. draining veins are larger and less convoluted than feeding arteries and 
can be shown to converge towards a superficiall by and/or deeply located sinus. 
depending on the location of the A VM. 

1 Abteilung fUr Neuroradiologie. Universitatsspital ZUrich. CH-8091 ZUrich. Switzerland 
2 Abteilung fUr Neuroradiologie. Universitatsklinik Mainz. W ·6500 Mainz. FRO 
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A complete protocol for MRI examination of any case of cerebral A VM should 
include a triplanar Tl-weighted and an axial T2-weighted series of images. The tri
planar Tl-weighted series allow precise topographic evaluation of the AVM in 
respect to gyri, sulci, subcortical white matter, deep nuclei, and the ventricular sys
tem. The T2-weighted series is necessary in order to detect new or old parenchymal 
changes in the brain around the A VM, such as infarction, gliosis, or hemorrhage 
[6]. The MRI examination is also essential in planning the selective and super
selective angiographic evaluation of a cerebral A VM. 

The aim of the neuroangiographic assessment is to provide the information on 
the angioarchitectural features, hemodynamic characteristics, and vascular mor
phology of the AVM needed in order to plan the treatment strategy. 

The neuroangiographic examination should for preference be performed with the 
patient awake and mildly sedated, using a femoral approach, nonionic contrast 
material, and the digital subtraction technique. In neonates and children under the 
age of 12-14 the examination should be performed under general anesthesia. 

Angioarchitecturally, an A VM consists of feeding arteries, a nidus, and draining 
veins. Selective angiography should allow detection of the number and type of ar
teries participating in supplying the malformation, the size and configuration of the 
nidus, and the number and type of veins draining it. In addition, associated angio
architectural features, such as saccular aneurysms located on feeding arteries, direct 
arteriovenous fistulous connections within the nidus, and stenotic changes and var
icose dilatations of draining veins or the absence of expected draining veins, should 
be detected. Superselective angiography involves catherization of each individual 
feeding artery identified by selective angiography. It is performed with flow
independent, steerable microcatheters inserted coaxially through the regular 
catheter used for selective angiography and advanced with the help of a micro
guidewire towards the target feeding artery. 

Topographically, supra- and infratentorial A VMs are classified into two major 
types: convexial and central [9]. Convexial A VMs are located within sulci and/or 
gyri. Their dominant supply is from branches of the cortical arteries, Le., anterior, 
middle or posterior cerebral arteries, supratentorially, and superior, anterior-infe
rior or posterior-inferior cerebellar arteries infratentorially. Depending on their size 
and specific location in respect to vascular territories, one or more cortical arteries 
may participate into their supply, while depending on their extension towards the 
subcortical white matter and paraventricular area and/or towards the dural surface 
of the brain, they are additionally supplied by deep perforating arteries (e.g., lentic
ulostriate branches of middle cerebral artery) or from meningeal arteries. 

Central A VMs involve the deep structures of the brain, such as the striocapsu
lothalamic area, the caudate nucleus, the corpus callosum, the hippocampus, the 
mensencephalon, pons, medulla oblongata, choroid plexus of the ventricles, or 
paraventricular white matter. Their supply is mainly from perforating arteries aris
ing from the circle of Willis or the vertebrobasilar system and from the choroid 
arteries. 

On the basis of superselective angiographic findings and intraoperative observa
tions [9], the feeding arteries of brain AVMs may be classified into two types: ter-
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minal and transit. Tenninal type feeding arteries end directly in the nidus after giv
ing off nonnal branches more proximally. A safe microcatheter position for sub
sequent embolization of tenninal type feeding arteries is on the distal segment just 
proximal to the nidus and beyond nonnal branches. 

Transit type feeding arteries supply the A VM through small branches while the 
main stem of the artery continues its course to supply nonnal brain distal to the 
A VM. Where there are transit feeding arteries, catheterization of each branch feed
ing artery is necessary for safe embolization, as embolization perfonned with the 
microcatheter in the main stem of the transit feeding artery carries a high risk of 
occluding the nonnal segment of the artery distal to the A VM causing cerebral in
farction. 

In approcimately 20% of cases of brain A VMs, superselective angiography 
discloses saccular aneurysms or microaneurysms located at the branching sites of 
feeding arteries [3, 8]. Such aneurysms are thought to be caused by the increased 
flow and altered hemodynamics of the feeding arterial system and are called related 
aneurysms [9]. Since related aneurysms are flow-induced, embolization of the ni
dus of the A VM, with subsequent reduction of flow in what was previously a feed
ing artery, is expected to cause regression of the aneurysm. Related aneurysms rep
resent one of the main risk factors for hemorrhage of an A VM, and their incidence 
in A VMs which have already bled has been shown to be as high as 41 % [8]. If a 
related aneurysm is present in an A VM classified as inoperable and referred for 
palliative embolization, a reasonable course appears to be to direct embolization 
towards that portion of the A VM which is fed by the artery bearing the aneurysm. 
Regression of such an aneurysm following partial embolization may significantly 
reduce the risk of future hemorrhage. 

Superselective angiography has provided new insights into the instrinsic archi
tecture and vascular composition of the brain A VM nidus. Superselective angio
graphic studies show the nidus to be composed of a pathologically dilated arterio
venous vascular bundle of plexifonn arrangement and variable size and shape. 
Usually, convexial AVMs have a pyramid-shaped nidus with the base located on 
the cortical surface of the brain and the tip directed towards the paraventricular 
area. Central A VMs usually have an oval or round nidus. In up to 4% of cases, su
perselective angiography reveals direct arteriovenous fistulas within the plexifonn 
nidus [8]. Such high-flow fistulous arteriovenous connections within the nidus may 
well cause an arterial steal effect and therefore be responsible for ischemic pheno
mena in the surrounding brain [1]. Selective embolization of such a fistula in an 
otherwise not totally obliterable plexifonn A VM may redistribute flow towards a 
previously ischemic area and therefore reduce some existing neurologic deficits. 

The nidus is usually composed of multiple compartments, the number of which 
depends on the number of feeding arteries. Each compartment of the nidus repre
sents a vascular hemodynamic unit characterized by a feeding artery and draining 
vein. The goal of embolization is obliteration of each superselectively identified 
compartment of the nidus, not merely occlusion of the feeding arteries. 

Of special importance in the assessment of brain A VMs is identification of the 
draining veins and their angioarchitectural and hemodynamic features. The type of 
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veins participating in the drainage of an AVM depends primarily on the specific lo
cation of the malformation, its size, and its extension. As a general rule, convexial 
A VMs are drained by superficial, cortical veins. If such A VMs extend subcorti
cally towards the ventricular system, they are additionally drained by deep, sub
ependymal veins. Central A VMs almost invariably drain towards the deep, sub
ependymal system. 

Application of the technique of superselective angiography to the assessment of 
brain A VMs in the past few years has disclosed a high incidence of anomalies in 
the draining venous system in brain A VMs. These associated venous anomalies 
mainly consist of stenosis of draining veins various distances downstream of the 
A VM, varicose dilatation of the postnidal segment of draining veins, reflux of 
contrast material into venous systems remote from the A VM, absence of expected 
draining veins, and recruitment of transcerebral veins [7-9]. Such associated 
venous anomalies are observed in up to 40% of brain AVMs [8]. From a hemody
namic point of view these associated venous anomalies indicate hyperpressure 
within the nidus, and, indeed, statistical correlation of the incidence of hemorrhage 
with such venous anomalies has revealed that high-grade stenosis of the draining 
vein(s) and varicose dilatation of draining veins are angiographically present in 
more than 50% of AVMs which have already bled [8]. 

Embolization 

Depending on the complexity of the A VM as assessed angiographically, emboliza
tion may be performed either during the same session or at another time. With 
hit'ger AVMs multiple sessions are usually performed. In children up to the age of 
12-14 years, embolization should be performed under general anesthesia. In adults, 
embolization should be performed with the patient awake and appropriately 
sedated, so that neurologic testing can be performed throughout the procedure: 

Among the various embolic agents currently available for embolization of brain 
A VMs, including microparticles of polyvinylalcohol (PV A), isobutyl-2-cya
noacrylate, n-butyl-cyanoacrylate, silk sutures, microcoils, and avitene, the cya
noacrylates have proved the most efficient material. Cyanoacrylate produces per
manent endovascular occlusion and, if properly injected, causes obliteration of the 
nidus itself. However, this material is rather difficult to handle, may cause gluing 
of the catheter within the vascular system, and therefore requires considerable ex
perience. 

During the past 10 years embolization has constantly gained in acceptance as an 
important technique in the management of patients with cerebral A VMs. The re
finement of technical tools and embolic materials and an improved understanding 
of the complex angioarchitecture and hemodynamics of cerebral A VMs have con
tributed to the establishment of embolization as one of the available therapeutic 
options for cerebral A VMs. 

Depending on a variety of factors including the clinical condition and neurologic 
presentation of the patient, the size and location of the A VM as assessed by multi-
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planar MR.I, and the angioarchitectural and hemodynamic characteristics of the 
latter as determined by superselective angiography, embolization may be per
formed as either a preoperative, a palliative, or a curative procedure. 

Preoperative embolization is mainly performed in large or medium-sized A VMs 
that are potentially operable [4]. The goal of embolization is partial obliteration of 
the lesion and occlusion of surgically inaccessible or less well accessible, mainly 
deep feeding arteries. These measures contribute to a reduction of operation time 
and increase the rate of radical removal [4]. 

Palliative embolization is carried out in AVMs classified as inoperable because 
of size and/or location and in which partial embolization is expected to improve 
certain symptoms or neurologic deficits and to reduce the probability of recurrent 
hemorrhage. The goal of palliative embolization is to occlude arteriovenous fistu
lous connections within the A VM, thus reducing the steal effect on the surrounding 
brain, and to obliterate those parts of the A VM that are associated with aneurysms 
on the feeding arteries or venous ectasias of the draining veins, thus potentially re
ducing the risk of hemorrhage. 

Curative embolization achieved exclusively by endovascular techniques is cur
rently feasible in approximately 8%-20% of cases referred for interventional 
neuroradiologic treatment [1]. The majority of patients referred for neuroradiologic 
treatment harbor the more complex types of cerebral A VMs in terms of size, loca
tion, number of feeding arteries, and angioarchitectural characteristics, which ex
plains the rather low rate of complete obliteration achieved by embolization. The 
goal of curative embolization is complete obliteration of the A VM with preserva
tion of the vascular supply to the normal surrounding brain. Technically, this is cur
rently possible in 70%-80% of cases with small and some medium-sized A VMs 
supplied by a limited number of feeding arteries accessible to superselective 
catheterization. This group of A VMs includes lesions that are easily and safely re
sectable by microsurgical techniques, but also deeply located A VMs which are not, 
or not so easily, accessible to microsurgical techniques. 

A further use of embolization of cerebral AVMs is to reduce the size of some 
medium-sized and small A VMs in which complete endovascular obliteration is 
technically not possible and surgical removal is thought to be associated with sig
nificant risks, so that subsequent radiosurgery may result in complete obliteration 
of the lesion [5]. 

The main complications of embolization of brain A VMs include hemorrhage and 
infarction. Hemorrhage may result from rupture of nidus following early oblitera
tion of a main or single draining vein, or, very rarely, from perforation of a feeding 
artery during manipulation with the microguidewire. Infarction will result if 
branches of feeders supplying brain distal to the A VM have been unintentionally 
occluded. Such complications may lead to recovery, permanent neurologic deficit, 
or death. Currently, the overall incidence of permanent neurologic deficits follow
ing embolization is 5%-7% and the mortality 3%-6% [1]. 
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Embolization Techniques in the Treatment 
of Cerebral Arteriovenous Malformations 

B. Richling and G. Bavinzski1 

Cerebral embolization techniques have been modified greatly since Serbinenko 
first approached the cerebral artery with a microballoon [2]. During the last few 
years, flow-guided balloon systems with or without calibrated leak have become 
replaced by microcatheters of so-called "progressive softness". These guidewire
supported catheter systems permit low-flow vessels to be approached independent 
of flow when the approach is limited more by the small diameter of the vessels than 
by the sharp angle of the bifurcations [1]. Further reductions in size (e.g. Tracker 
10, Target Therapeutic Corporation, California, USA) nowadays allow even the 
most delicate vessels to be approached effectively, e.g., cerebral vessels in pediat
ric patients (Fig. 1) or perforating arteries. 

There are two disadvantages of the wire-guided catheter as opposed to be ballon
directed system. The first is the considerable resistance encountered as the wire is 
advanced into the small vessels. The second is the inability to temporarily occlude 
any small vessel as with the balloon system. This temporary blockage of flow by 
the calibrated-leak balloons is particularly useful for flushing the distal vasculature 
with glucose solution, allowing better distribution of the acrylic glue. Notwith
standing, guidewire-supported, flow-independent, progressive-softness microcathe
ters have revolutionized the possibilities of endovascular neurosurgery. 

The choice of embolic material depends on the specific goal of treatment. Tradi
tional calibrated-leak balloon systems only permitted injections of low-viscosity li
quids (e.g., acrylates); progressive-softness microcatheters now permit injections of 
very finely grained particulates [e.g., PYA (Polyvincyl-alcohol) particles]. When 
the position of the catheter tip is optimum relative to the arteriovenous malforma
tion (AVM; Fig. 1), fine particulates permit stepwise and safe embolization. The 
slow buildup of the particulates from the level of the A VM fistula to more proxi
mal locations by the controlled slowdown of the flow allows visualization of phys
icological and pathological vessels that were invisible before the partial occlusion 
of the shunt. 
The use of particulates also has disadvantages. Because particulates mix with blood 
clots in an angioma, they will not occlude the AVM compartment permanently. 
Therefore, they can only be used for preoperative embolization. The alcohol 
present in the mixture of particulates, collagen, and contrast material increases the 

1 Neurochirurgische Universitatsklinik Wien, Wiihringer Gllrtell8-20, A-lO~)o Wien, 
Austria 
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Fig. 1. Child aged 12 years. AVM of the upper vermis with unusual venous drainage. Small 
microcatheter (Tracker 10) allows endovascular approach close to the nidus via the superior 
cerebellar artery 

formation of fibrotic material but almost never causes permanent occlusion 
(Fig. 2). 

Acrylates are also used to embolize cerebral A VMs. Acrylate, usually as the glue 
Acryl-Monomer, immediately polymerizes on contact with free H+ ions. This rapid 
chemical reaction leads to the typical problems and risks associated with the use of 
acrylates as embolic material. These problems include a stuck catheter, inadvertent 
venous occlusion, irreversible occlusion of vital arteries, and animal toxicity. How
ever, the toxic effects observed in animal models have not been seen in patients. 
The consensus in the literature is that this toxicity does not contraindicate its use 
[4]. 

The goal of embolizing cerebral AVMs is to produce a solid cast of the nidus 
with the acrylate, if possible with no blood inclusions (Fig. 3). Only complete cast
ing of the nidus channels by the embolic material provides optimal assurance 
against recanalization; otherwise, the angioma will recanalize. The effect of the 
"drop-by-drop" method (acrylate spots of various size in the angioma) is similar to 
that of embolization with particulates but lacks the simplicity and assurance of the 
latter. In multicompartmental A VMs, closure of the feeding arteries by acrylate 
(like occlusions by detachable balloons, coils, or surgical ligation) does not even 
produce a temporary effect. Single-vessel occlusion is indicated only for a simple, 
high-flow fistula; we recommend using detachable balloons or coils rather than the 
hard-to-control acrylate. 

The difficulties associated with controlling the distribution and setting of the 
acrylate not only contribute to the instability of the embolization, but can also 
create other complications. For example, the catheter tip can become glued to the 
vessel wall (usually without further consequences). Worse, the draining vein can 
become occluded, causing a rupture or venous infarction. 
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Fig. 2a-<l. Left frontal AFM a before and b after embolization with a mixture of alcohol. 
collagen, particulates. and contrast media. c Angiogram after 6 months showing recanaliza
tion of the malformation. d After embolization with Histoacryl 

Fundamentally, the goal of treatment is total surgical excision or total and per
mament occlusion. Modem catheter techniques appear to achieve permanent and 
total occlusion in about 20%-25% of angiomas, although current follow-up periods 
are no more than 3-5 years (Table 1). However, when the long-term results are 
evaluated, the outcomes of endovascular and surgical therapy should be compared. 
The interventional neurosurgeon will also encounter many angiomas considered to 
be inoperable but amenable to embolization, such as those located in the basal 
ganglia, large angiomas of the left central area, or diffuse angiomatosis (Table 1). 
Most surgically "simple" angiomas are likewise easy to embolize; therefore, the 
rate of total occlusion should also be higher in an identical population of angiomas. 
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Fig. 3. Plain X-ray showing casting of the frontal A VM (lower left) 

The following categories of angiomas are therefore suitable for embolization. 
First, there are the so-called simple angiomas. These are located in noneloquent re
gions of the brain and have only one or two feeders (the classification by Spetzler 
[3J is of limited use from an endovascular point of view). Simple angiomas are not 
only easily operable but can also be embolized permanently. Secondly, there are 
nonoperable angiomas or angiomas operable only at high risk, such as those locat
ed in the basal ganglia or brain stem. This group of malformations can sometimes 
be totally, but more often only partially, occluded. From an endovascular point of 
view, these inoperable or high-risk malformations constitute a primary indication 
for embolization. In between these two extremes lie a large number of midgrade 
angiomas that challenge the surgeons's personal skills. In these angiomas, emboli
zation will be used either to achieve a solid casting or, if this is not possible, to 
make the operation easier through preoperative embolization. 

At the University of Vienna, Department of Neurosurgery, embolization is the 
first step of treatment (even for simple A VMs) when an A VM appears from the 
angiogram to be endovascularly approachable and if no emergency operation is 
needed or no space-occupying hemorrhage is present. The embolization (in 1-3 
stages) will lead to either a total or a partial occlusion. Again, the stability of the 
embolization will depend on the solidity of the casting. Partially embolized A VMs 
are operated on unless the risk associated with the natural history of the lesion is 
less than the surgical risk, as may be the case with huge A VMs of the basal 
ganglia. 
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Table 1. Cerebral AVMs treated from 1985 to July 1990 (n = 91): 
Localization and results 

Localization Emb. only Emb.+op. Op. only 
(n = 68) (n= 10) (n= 13) 

Frontal 8 1 1 
Temporal 3 1 0 
Sylvian 2 1 1 
Central 13 2 1 
Left angular 4 0 3 
Parieto-occip. 1 0 2 
Occipital 4 0 1 
Corpus call. 3 1 1 
Basal ganglia 16 } 0 1 
Post fossa ~ 30(44%) 2 2 
Angiomatosis 2 0 

No. of sessions 135 (1:2) 12+11 17 
No. of total occlusions 21(31%) 
Morbidity 6 (8.8%) 1 1 (7.7%) 
Mortality 2(2.9%) 0 0 

The decision to operate will also be determined by the symptoms caused by a 
vascular steal. These symptoms often disappear after partial embolization. If one or 
more hemorrhages have occurred, partial embolization will be insufficient. If per
manent total occlusion is not achieved in such cases, surgical excision to eliminate 
the risk of future hemorrhages is the only reasonable goal. 

Today's embolization techniques permit more selective approaches to A VMs and 
more controlled embolization of compartments than was considered possible only a 
few years ago. This progress should not lead to disputes about therapeutic ap
proaches for the treatment of A VMs. Instead, competently performed emboliza
tions should be considered another option in the armamentarium against these po
tentially devastating lesions. 
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Results of Combined Endovascular 
and Surgical Treatment 
of Intracranial Arteriovenous Malformations 

D. Wijnalda1 and T.G. Tjan2 

Introduction 

For assessment of treatment of intracranial arteriovenous malformations (A VMs) it 
is important to know the natural history. The incidence of intracranial A VMs in the 
population is 0.5%. The risk of bleeding is 3% per year. The mortality with bleed
ing is 10% and the morbidity is 30% [2, 3,4]. Since the introduction of microsur
gical techniques there has been a tremendous improvement in treatment. In spite of 
this there are still many large A VMs in vulnerable areas of the brain which are 
hardly or not at all accessible to surgical treatment. The development of endo
vascular superselective techniques has given us a powerful alternative [1, 5, 7]. The 
aim of treatment is radical occlusion of the A VM for prevention of bleeding. 

Patients, Methods, and Results 

Since 1983, 96 patients have been treated by superselective embolization with 
bucrylate or histoacryl in 283 sessions. Indications were: previous bleeding, sei
zures, progressive neurological deterioration, severe headache. 

Table 1. Results of supers elective embolization com
pleted in 209 sessions in 72 patients with A VMs 

100% Obliteration 
50%-95% Obliteration 
Surgical excision 
Failure 
Death due to embolization 
Death after recurrent bleeding 

Total 

No. of 
patients 

5 
24 
23 
12 
6 
2 

72 
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In the almost 300 embolization sessions the mortality was 2% per session and 
morbidity 8%. There has been a clear decline in these figures in more recent series 
because of the learning effect. 

The treatment has been completed in 72 patients and is still continuing in 24. 
Table 1 shows the results. 

In five cases obliteration was complete and lasting. A partial occlusion was ob
tained in 24 cases (80%-95% in seven, 60%--80% in eight, and < 60% in nine). 
Surgical excision was perfonned in 23 patients after partial embolization. In a fur
ther 12 cases embolization was technically impossible or the patient refused further 
treatment. 

Six patients died because of bleeding during embolization and two patients died 
after recurrent bleeding due to the nature of the A VM. 

In the same period, 64 patients were treated by microsurgery and the A VM was 
radically removed in 63. In this series mortality was 0%. This result is of course 
biased by a very strict preoperative evaluation of the risks. In 14 cases preoperative 
partial embolization was perfonned to facilitate the surgical procedure (Fig. 1-3). 
Nine patients presented after incomplete endovascular obliteration, having been 
previously considered inoperable. The A VM could be removed completely in eight 
of them and partially in one. 

Fig. 1. Woman, 38 years old: transient ischemic attacks in the right hemisphere due to a 
high-flow A VM on the left side 
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Fig. 2. After embolization there is a strong reduction in flow, an improvement in the fIlling 
of normal vessels, and a reduction in the size of the A VM 

Fig. 3. The picture after surgical excision 
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All AMVs removed were examined for their pathology. There was a strong lym
phocytic reaction in the surrounding tissue and many foreign-body giant cells in the 
embolized cases only. The long-term effects of these reactions to bucrylate are 
unknown [6]. 

Discussion 

Close cooperation between neuroradiologist and neurosurgeon are essential be
cause of the timing of the operation after embolization. In partially embolized 
A VMs we saw strong leptomeningeal recanalization within half a year and it be
came extremely difficult to coagulate these very thin-walled vessels. We now plan 
the operation to take place within a few days to weeks after the last embolization 
session. 

In only a small percentage of cases was there complete obliteration of the A VM 
by endovascular treatment alone. We became aware of the possibilities, the impos
sibilities, and the risks of endovascular treatment The most important thing we 
learned, however, was that invasive neuroradiology and neurosurgery are strong al
lies in the struggle against the devastating effects of AVM. We would like to stress 
the importance of a combined approach to this difficult disorder. 
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Indications, Technique, and Results 
of Microsurgical Treatment 
of Intracranial Arteriovenous Malformations 

Ch. Lumenta, M. Bettag, A. Bertels, and W J. Bock 1 

Introduction 

In the past few years treatment of intracranial arteriovenous malformations 
(A VMs) has become the subject of various clinical specialities. Endovascular ther
apy using embolic agents, sterotactic radiosurgery, and "conventional" microsur
gery are sometimes supplementary and sometimes competitive methods in the 
treatment of brain A VMs. Especially in ruptured A VMs, we prefer microsurgical 
treatment, because with microsurgery the malformation can in the vast majority of 
cases be completely excised in one session [2,9, 10, 11, 14, 15, 16], which mark
edly reduces the risk of recurrent hemorrhage. The results of microsurgical exci
sion have steadily improved [7], as we can demonstrate in our follow-up study of 
57 patients with a brain A VM. 

Patients and Methods 

From January 1986 to March 1990, 57 patients with brain AVMs were referred to 
our neurosurgical unit: 41 (72%) male and 16 (28%) female. The age of the pa
tients ranged from 15 to 68 years, with a peak incidence at 20-30 years. The com
monest mode of presentation in this series was intracranial hemorrhage which had 
occurred in 31 (54%) patients. In 17 (30%) patients the initial symptom was epi
lepsy without any bleeding. Six (11 %) patients complained ofrecurrent headache 
and 3 (5%) presented with deteriorating neurological signs. The time interval be
tween initial symptom and admittance to surgery ranged from a few hours to 24 
years, with an average of 2.4 years. 

Thirty-five (61 %) patients were treated by microsurgical excision, 9 (16%) pa
tients had radiosurgery and in 3 (5%) patients an endovascular approach was taken. 
In 8 (15%) cases no therapy was performed because of infaust prognosis. Two 
(4%) patients refused any treatment 

The surgical technique was always similar: A VM was directly dissected from the 
adjacent brain tissue as described by several authors in previous works [2, 17]. 

In the 35 surgically treated patients, 33 (94%) AVMs were located supratentori
ally, with only 2 (6%) angiomas in the infratentorial region. The most frequent 10-

1 Neurochirurgische Klinik, Medizinische Einrichtungen der Heinrich-Heine-Universitat 
Dilsseldorf, Moorenstr. 5, W-4000 Dilsseldorf 1, FRO 
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cation was the parietal lobe, followed by the temporal and occipital lobe. Nineteen 
(54%) AVMs were located in the left hemisphere, 13 (37%) in the right hemisphere 
and 3 (9%) had a median location. In 10 (29%) patients the AVMs were smaller 
than 2 cm, in 18 (51 %) they were between 2 and 4 cm, and in 7 (20%) they were 
larger than 4 cm. According to the Spetzler-Martin grading system [12] there were 
3 (9%) grade I lesions, 6 (17%) grade II lesions, 11 (31%) grade III lesions, 13 
(47%) grade IV lesions, and 2 (6%) grade V lesions. 

For pre- and postoperative investigations we used angiography and contrast en
hanced computed tomography or magnetic resonance imaging. All patients have 
been followed up for a minimum of 3 months and a maximum of 4 years, with an 
average of 1.4 years. 

Results 

To compare the patient's state on admission and at follow-up we used the criteria 
proposed by Forster et al. [3] and Jennett and Bond [8] (Table 1). Of 35 surgically 
treated patients there were 9 (25.5%) at grade 0 or I on admission; that means they 
had no neurological deficit. Nine (25.5%) had minor neurological deficits or recur
rent epileptic fits, 10 (29%) had severe neurological deficits with a depressed level 
of consciousness or coma I or II, and 7 (20%) were deeply comatose (Fig. 1). 

From the results at last follow-up, 15 (43%) patients were clinically grade 0 or I, 
8 (23%) had moderate disability and reduced working capacity, 8 (23%) patients 
were suffering severe disability and were not able to work regularly, and 4 (11 %) 
patients had died (Fig. 1). 

Table 1. Classification of patient's state on admission and follow-up (after Forster et al. [3] 
and Jennett and Bond [8]) 

Grade State on admission Follow-up 

0 Fully responsive, no symptoms Good recovery, 
and signs full working capacity 

I Fully responsive, headache only, Good recovery, 
seizures less than l/month full working capacity 

IT Fully responsive, neurological Moderate disability, 
deficit, seizures more than l/month reduced working capacity 

ill Depressed level of consciousness, Severe disability, 
coma I-IT, major neurological deficit unfit for regular employment 

IV Unconscious, coma ill-IV Persistent vegetative state, death 
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Fig. 1. Clinical state on admission and at follow-up in 35 surgically treated patients with 
brain AVMs 

Comparing the clinical state on admission with the outcome at last follow-up, 19 
(54%) patients were improved, 11 (32%) unchanged, and 5 (14%) patients deterio
rated (Table 2). There was no deterioration in patients with small A VMs and no 
deterioration in patients admitted without symptoms of hemorrhage. Five out of 24 
patients presenting with intracranial hemorrhage on admission deteriorated after 
complete surgical excision of the A VM (Table 2). 

Table 2. Clinical outcome compared with state on admission, in relation to size of A VM and 
occurrence of intracranial hemorrhage (n = 35) 

Improved 

SmallAVM 7 
«2 em) 

MediumAVM 10 
(2-4 cm) 

LargeAVM 2 
(>4 em) 

With hemorrhage 12 

Without hemorrhage 7 
Total 19 (54%) 

Unchanged 

4 

6 

1 

7 

4 
11 (32%) 

Deteriorated Total 

3 

2 

5 

5 (15%) 

11 

19 

5 

24 

11 
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The late morbidity due to surgical treatment was 8.5% (three patients). Two of 
these three patients had medium-sized A VMs and one had a large A VM. All of 
these AVMs were Spetzler-Martin grade IV, i.e. they were located in an eloquent 
region and had a deep venous drainage. On admission these patients had only head
aches or focal seizures; postoperatively two had hemiparesis and one hemianopia. 

The mortality due to surgical treatment was 11.4% (four patients). Three of the 
four patients had medium-sized A VMs and one a large A VM. All of these A VMs 
were Spetzler-Martin grade IV [12]. On admission, one patient had a minor neu
rological deficit, one had a severe neurological deficit and was mildly comatose, 
and two were deeply comatose with abnormal flexor or extensor response. 

In 31 (89%) of 35 patients it was possible to completely excise the A VM in one 
session. Four (11 %) patients were brought to theater again because of angiographi
cally confirmed remaining malformation. 

At the last follow-up, only 1 of 11 patients with epileptic fits in their preopera
tive history had presistent seizures after surgical excision of the A VM. There was 
no case of postoperative epilepsy in patients without a history of seizures and ad
mission. 

Discussion 

An intracranial A VM may manifest with intracranial hemorrhage or seizures. In 
our series hemorrhage occurred in more than 50% of patients, and in about one 
third seizures were the first symptom. This is similar to other series by Drake [2], 
Heros [7], and Yasargil [17]. 

Our data demonstrate that early postoperative deficits (7/35 = 20%) resulting 
from excision of an intracranial A VM may improve in a certain number of cases 
(3/35 = 8.5%) after approximately 4-8 months. Steinmeier et al. [13] reported an 
early neurological morbidity of 44% in a series of 48 patients, but 6 months after 
surgery only three patients had residual major morbidity. In a study of 153 patients, 
Heros et al. reported an immediate major neurological deficit of 24% which de
creased to 8% after a mean follow-up period of 3.8 years. 

Four (11.4%) patients died in our series due to surgical treatment. All of them 
had a grade IV intracranial A VM according to the classification of Spetzler and 
Martin. Late mortality in the studies of Heros et al. was 1.3% (three patients). 

In reference to epilepsy, we were able to establish that no patients without a his
tory of seizures ever suffered from an epileptic fit after excision of the A VM. On 
the other hand, only one out of 11 patients with seizures in their preoperative his
tory had fits after surgery, which could be controlled by anticonvulsants. Although 
there was no increased incidence of epilepsy after surgical excision of a brain 
A VM in our series, other research groups have reported an average incidence of 
postoperative epileptic fits of 11.6%-22% [4,7,17]. 

Comparison between the different methods of treating brain A VMs is difficult 
because of different patient populations and different follow-up periods. It has be-
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come increasingly clear that the rate of bleeding of A VMs, whether they have bled 
in the past or not, is approximately 2%~% per year [1, 5, 6, 7]. 

On the other hand late morbidity and mortality resulting from surgical excision 
of A VMs are low, especially for patients with A VMs grades I-IV. Therefore we 
are of the opinion that surgery should by undertaken in patients with A VMs of 
these grades. Caution should be taken in patients with small A VMs in eloquent 
brain areas and in those with very large A VMs (grade V). 

It is advisable to decide for radiation therapy in patients with small A VM, espe
cially if no hemorrhage has yet occurred. 

Embolization should be tried in patients with very large A VMs, even if just to 
reduce the flow so the incidence of seizures and headaches can decrease. 
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Surgical Problems in Partially Embolized Angiomas 

J.M. Gilsbach1 and M. Schumacher2 

Introduction 

Five years ago, we changed our policy regarding the treatment of cerebral arterio
venous malformations (AVMs) from a purely surgical technique to a combined 
procedure with preoperative embolization and operation. Since then, the number of 
operations on A VMs has decreased. One reason for this is the fact that some A VMs 
are still under neuroradiological treatment; another may be that in some cases the 
neuroradiologist was able to completely occlude the malformation. One further rea
son could be the lack of information on how effectively embolized but still active 
A VMs can be surgically treated. This article is intended to contribute to some 
aspects of the problems encountered during surgery on embolized A VMs and to the 
final result after surgical removal of an incompletely embolized A VM. 

Treatment Concept 

In Freiburg, and since August 1990, also in Aachen, we operate directly on small 
A VMs if they can be endovascularly obliterated only at high risk. This we do par
ticularly if the patients have suffered a recent intracerebral bleeding which facilita
tes the approach. As direct surgical intervention in one session in large A VMs did 
not always produce convincing results, we changed in 1983 to a stepwise surgical 
procedure and intraoperative embolization: the dissection and occlusion of the 
A VM was interrupted when hemostasis became more difficult. The results of this 
stepwise surgical exclusion were good and the five patients with large AVMs treat
ed in this way adapted uneventfully to the altered hemodynamic conditions (no 
breakthrough) and suffered no rebleeding during the waiting period of the second 
operation. As the endovascular procedures became increasingly safe, we changed 
our strategy again and referred patients for preoperative embolization, hoping that 
the (stepwise) embolization would work like a staged operation, with the aim of 
smoothly normalizing the disturbed cerebral hemodynamics and simplifying the fi
nal surgical procedure by reducing the flow and the volume of the A VM. 

1 Abteilung Neurochirurgie der Medizinischen FakuItat, RWTH Aachen, Pauweselsstr.30, 
D-5100 Aachen, FRO 

2 Abteilung Neuroradiologie, Universitat Freiburg, Hugstetter Str.55, D-7800 Freiburg, 
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The operations were performed when no further embolization with idobutyl 2-
cyanoacrylate (IBC) seemed possible or reasonable, a decision taken by each 
neuroradiologist individually. The interval between the last embolization and sur
gery was not preset and varied from patient to patient. In the beginning we pre
ferred early surgery, but with growing experience the surgical operation was de
layed for at least 6 weeks. 

The aim of treatment, direct or combined, was total occlusion of the A VM. If 
this did not seem possible no treatment at all was started, except in the case of 
AVMs suitable for radiotherapy. 

Surgery and Embolizations 

All patients were operated upon in the neurosurgical department in Freiburg (of 
which J.M.G. was a member at that time). The embolizations were performed in 
Freiburg (Prof. Schumacher), Nancy (prof. Picard), and Paris (prof. Merland). 

Patients 

Our experience is based on only a small number of patients. We operated on 10 pa
tients with partially embolized AVMs (Table 1). 

Fig. 1. Parietal A VM before embolization 
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Table 1. Clinical data and results 

Patient Location Embolization Delaya Surgery Resultb 

E.R. Temporal Unveventful 3 mo. Uneventful, Good 
M,52yrs (30%)C complete removal 

P.H. Postcentral Hemorrhage, latent 6 mo. Uneventful, Good 
F, 27 yrs hemiparesis (50%) complete removal 

F.R. Occipital Catheter not 2mo. Uneventful, Good 
M, 26 yrs removable (60%) complete removal 

S.l Fronto- Uneventful 5 mo. Uneventful, Good 
M,46yrs parietal (80%) complete removal 

R.D. Occipital Uneventful, internal 23 days Difficult hemostasis, Good 
F, 33 yrs external territory complete removal 

(50%) 

K.A. Sylvian Moderate herni- 4 mo. Uneventful, Good 
M,32yrs fissure paresis (60%) residual, deep A VM 

R.B. Corpus Uneventful 5 mo. Staged op, difficult Good 
F, 33 yrs callosum, (40%) hemostasis, complete 

basal ganglia removal 

W.R. Parietal Transient hemi- 1 mo. Difficult hemostasis Good 
M, 31 yrs paresis (60%) complete removal 

K.H. Corpus Uneventful 12 days Difficult hemostasis, Good 
F, 33 yrs callosum (50%) complete removal 

W.M. Precentral Uneventful 9 days Difficult hemostasis, Good 
F, 33 yrs (50%) residual deep A VM 

a Delay between last embolization and surgery 
b Acording to Glasgow Outcome Scale 
c Approximate extent of A VM exclusion by embolization 

Intraoperative Findings and Results 

One interesting question concerns the surgical problems occurring after endo
vascular embolization. Theoretically, an A VM partially filled with me could be 
hard and difficult to handle. This problem was in practice not encountered in any 
case: the embolized parts were more or less soft and could be manipulated with in
struments or cut (Figs. 2, 3), Another as yet unresolved question involves the local 
and hemodynamic reactions after embolization: an early operation could be ~om
plicated by an inflammatory reaction and a disturbed autoregulation, while late sur
gery would increase the risk of rebleeding and the recruitment of new feeders. In 
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recently embolized A VMs hemostasis proved difficult from the beginning; espe
cially in A VMs with a low degree of occlusion, the small penetrating vessels were 
under high pressure, while the larger ones, often partially or completely occluded, 
posed no problems. No bleeding occurred during waiting for the final surgical pro
cedure, but did occur once immediately after embolization. 

Discussion and Preliminary Conclusion 

Due to the individual decisions on how to treat an A VM and due to the lack of pro
spective studies on the overall morbidity and mortality associated with emboliza
tion plus surgery in an unselected series, a comparison of surgery alone with pre
operative embolization plus surgery is difficult [1-5]. Moreover, no large study 
exists which proves that partially embolized A VMs can be operated on safely and 
easily. For this reason, only preliminary impressions can be described here. 

The intraoperative findings show why complete embolization of A VMs is diffi
cult to achieve. Deep parts of the A VM remained open, and even in some arteries 
which were filled with IBC a residual flow could be observed. 

The IRC was often located very distally in veins and normal arteries, and in one 
early-operated case the embolization was accompanied by a hyperemic and in
flammatory reaction. These findings and long-lasting circulatory disturbances after 
total or partial occlusion [6-8] suggest that very early surgical intervention is not 

Fig. 2. AVM after partial embolization 
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Fig. 3. Control angiogram after surgical exclusion 

advisable. On the basis of these observations, we decided to wait at least 6-8 weeks 
after the last embolization, until the inflammatory and circulatory disturbances had 
subsided. The advantages of this policy, which includes a control angiogram on the 
day before the planned operation, are that further new pedicles can be detected and 
perhaps embolized again, instead of being operatively occluded, and that further 
spontaneous thrombosis can occur in the waiting period. Six to eight weeks should 
not be too long to allow the recruitment and enlargement of new feeders. 

From the surgical point of view, preoperative embolization reduced the active 
parts of the A VMs and the surgical difficulties with large feeding arteries and also 
normalized circulation without problems for the patient in the adaptation period. 
Theoretically, the stone-like IBe may hinder dissection or provoke hemorrhage, 
and the disturbed circulation may complicate hemostasis by an increased pressure 
in perforating vessels [1,4,9-11]. In practice the first problem did not occur, but 
the second one did: in comparison to nonembolized A VMs, embolization did not 
substantially reduce the problems with small penetrating, feeding, and draining 
vessels, so that one of the main problems in A VM surgery still remained. These 
problems may be due to incomplete exclusion (30%-60%) or too early surgical 
intervention when the pressure in arteries origiating from large "stagnating" 
arteries is still too high. The incomplete removal of two A VMs was due to these 
problems with hemostasis of deep penetrating vessels. 
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In the future, prospective studies will be needed to evaluate whether combined 
treatment of preoperative embolization and operation is superior to staged opera
tion with or without intraoperative embolization. 
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Arteriovenous Malformations of the Brain: 
What is the Best Way to Treat Them? 

J. Brotchil, O. Dewitte1, A. Vandesteene2, G. Rodesch3, D. Baleriaux3, 

and J. Notennan1 

Introduction 

Many modes of treament are proposed for curing arteriovenous malfonnations of 
the brain (AVMs): surgery, embolization, radiosurgery. Usually, every specialist 
presents arguments in favor of the superiority of his or her particular choice. Some 
try to convince us that embolization is less risky than surgery, that it gives better 
results. Others think radiosurgery is better, forgetting that this treatment takes 
many months to become effective and that during this delay the A VM may rebleed. 
Unconditional supporters of surgery prefer multistaged operations to embolization 
in huge A VMs. Where does the truth lie? 

Patients and Method 

In our department, 48 AVMs have been treated the last 5 years (Table 1). Having 
access to superselective endovascular neuroradiology, we decided to discuss case 
by case the choice of treatment according to the size, the location, the accessibility, 
and the grade of the A VM. Patients were sent abroad for radiosurgery, which is not 
available in Belgium at the moment. 

Table 1. Modes of treatment of 48 A VMs 

Surgery 

Embolization 

{ 
Alone 38 

40 
After embolization 2 

{
Without surgery 8 

10 
Before surgery 2 

Postembolization radiosurgery 3 
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Results 

Postoperative mortality was 4% (two cases). Postoperative morbidity was 8% (four 
cases). There was no mortality or morbidity due to embolization or radiosurgery, 
but two patients rebled while awaiting the next step in multistaged embolization. 
The first of these was a 40-year-old woman with a rolandic AVM causing epilepsy 
only. Surgery was considered too dangerous and she sustained an uneventful first 
stage of embolization. The second stage was scheduled for 6 weeks later. However, 
1 month after the first stage she had a massive hemorrhage and died 2 days later. 

The second rebleeding was in a 55-year-old woman. After a first moderate 
bleeding, she underwent angiography which showed a huge right sylvian A VM 
(Fig. 1). Embolization was decided upon and performed. The postembolization an
giogram (Fig. 2) showed a pleasing but incomplete result. Two weeks later the pa
tient bled again (Fig. 3). She is still alive, but her neurological status is poor. 

Discussion 

In our department, every A VM is approached in a multidisciplinary fashion by neu
rosurgeons and neuroradiologists together. A common strategy is decided with the 
aim of offering patients the best treatment with the lowest risk, according to the 
grade of the malformation [3]. In our opinion, embolization, surgery, and 

Fig. 1. Huge right sylvian A VM. Right internal carotid angiogram 
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radiosurgery are not in competition but are complementary. One must never forget 
that the only way to cure an A VM is to induce its total disappearance, by whatever 
technique. As we have reported, an A VM may rebleed while waiting complete 
eradication, so incomplete obliteration of the A VM by embolization also fails to 
provide protection from subsequent hemorrhage [1]. 

The most important area of application for endovascular techniques alone is in 
patients with large AVMs [2]. Embolization may also be used to prepare for sur
gery, either by reducing the degree of shunting, which lessens the risk of normal 
perfusion pressure breakthrough, or by occlusion of major feeding arteries difficult 
of access, in order to reduce the size of the A VM. Stereotactic radiosurgery has 
proven its efficacy in small A VMs [5], but it must be borne in mind that delayed 
radiation necrosis may not occur until about 6 months later, and during that time 
patients are not protected against rebleeding! However, this technique is useful for 
little nidi impossible to cure either by embolization or by surgery [4]. 

All these techniques have their advantages and inconveniences. We must take 
the best they can offer us and if necessary combine them. 

Fig. 2. Postembolization angiogram: More than 80% of the A VM thrombosed 
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Fig. 3. Computed tomogram show
ing intracerebral hemorrhage 
2 weeks later 

Taking into account the fact that the only way to cure an A VM is to induce its total 
disappearance, even if we do not know what will happen in the future to cases 
subjected to embolization only, we must offer patients the best technique with the 
lowest risk. That may be surgery alone, which is the most radical, an endovascular 
approach alone or in combination with surgery, or stereotactic radiosurgery alone 
or in combination with the first two techniques. The choice must be based on many 
criteria, among them the grade of the lesion and its accessibility or nonaccessibility 
to surgery or endovascular therapy. The decision must be made by a team of neu
rosurgeons and neuroradiologists wellexperienced in managing this malformation. 
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Arteriovenous Malformations of the Medial Surface 
of the Parieto-occipital Region and the Basal Ganglia 

G.H. Spincemaille1 

Introduction 

Arteriovenous malfonnations (A VMs) of the medial surface of the hemisphere 
around the posterior part of the corpus callosum and of the medial side of the tri
gone of the lateral ventricle are operable lesions [1, 9, 13, 14]. There are various 
reports in the literature of successful removal of these malfonnations without major 
neurological deficit [8, 11, 13, 14]. According to the classification system proposed 
by Spetzler and Martin [10], these lesions are grade III AVMs. If the interhemi
spheric approach is used as described by Kempe and Blaylock [4], then no special 
precautions regarding circulatory and cardiac complications need be taken by the 
anesthesiologist. 

Intravascular techniques (embolization) are helpful in reducing the size of these 
malfonnations but rarely exclude them from the circulation because of the multiple 
vascular territories involved [2, 7] 

Patients and Method 

We treated six patients with trigonal AVMs during the period 1984-1987. The 
mean age was 30.6 years (18-46); the sex ratio was 3:3. All A VMs were sympto
matic, the patients presenting with intracranial bleeding and additional problems 
such as seizures and neurological deficits. We operated on four; the two remaining 
patients (5 and 6) underwent endovascular embolization (Table 1). 

The interhemispheric approach was used with the patient in the prone position. 
The surgical procedure following the descriptions of Kempe and Yasargil proved to 
be quite easy. By changing the patient's position slightly, it was possible to reach 
the malfonnation almost at right angles to the surgeon's visual axis. The only diffi
culty resided in the distance from the outside of the skull to the malfonnation. 
Proggressive elimination of the malfonnation was performed in the usual way by 
partial coagulation of the malfonnation and the main feeding vessels. Complete 
removal required exploration of the lateral ventricle via a cortical incision of the 
gyrus cinguli, or dissection in the splenium of the corpus callosum. Postoperative 
angiograms and follow-up angiograms 1 year later were taken in all cases. 

1 Department of Neurosurgery, De Wever Hospital, H. Dunantstr. 5, 6419 PC Heerleen, 
The Netherlands 
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Table 1. Patient characteristics, clinical data, and postoperative status and angiography 

Patient Sex Age Preop. status Treatment Postop. status Postop. 
no. (years) angio-

graphy 

1 F 20 Bleeding, coma, Surgery Normal Complete 
hemiparesis obliteration 
(pregnant) 

2 M 45 Bleeding, epilepsy Surgery Controlled Complete 
previous surgery seizures obliteration 

3 F 18 Two previous Surgery Seizures difficult Complete 
bleedings (two-stage) to control obliteration 

4 M 30 Bleeding, R hemi- Surgery Progressive Complete 
paresis, recovery recovery obliteration 
after 1 week, 
major cortical 
disturbances 

5 M 25 Bleeding, no Open Hemiplegia Partial 
neorological embolization obliteration 
deficit 

6 F 46 Several bleedings, Several Transient neuro- Remaining 
no neurological sessions of logical deficit, nidus 
deficit endovascular then died after 

embolization recurrent bleeding 

Results 

In three patients (nos. 1, 2, and 4) the A VM was removed without problems. The 
postoperative course was uneventful; in those cases where the neurological situa
tion had been disturbed preoperatively, it showed significant improvement. Some 
cortical deficits remained, as in patient 4, and were responsible for the morbidity 
due to bleeding. In patient 3 the postoperative angiogram revealed a remnant of the 
A VM in the roof of the third ventricle. At reexploration the corpus callosum was 
exposed and the vessels still present coagulated. The postoperative angiogram this 
time showed complete obliteration of the malformation. 

Patient 5 was referred to another neurosurgical department for open emboliza
tion. The major feeding vessel being the posterior cerebral artery, the option of em
bolization with butylacrylate by catheterization of the branch feeding the A VM was 
undertaken, the artery being exposed surgically. Postoperatively dense hemiplegia 
was present, probably due to extensive retraction of the temporal lobe. The post
operative angiogram showed revascularization of the malformation through other 
vessels not previously visualized. No further steps were planned because the pa
tient refused further surgery. 
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The last patient was referred for endovascular embolization using the floating 
catheter technique. A well-defined nidus still remained after four sessions of em
bolization. Eight months after the last session the patient suddenly developed he
miplegia. Computed tomography (CT) showed a huge intracerebral and intraven
tricular hematoma, and the patient died 1 week after admission to our department. 

Discussion 

Intracranial bleeding is the most frequent clinical sign leading to detection of 
A VMs of the trigonal area. CT reveals unilateral intraventricular bleeding extend
ing to the nearby white matter [11]. 

The feeding arteries of these A VMs originate in the three major vascular territo
ries and sometimes come from both hemispheres. The most frequent feeding arte
ries are the pericallosal artery, the anterior and posterior choroid arteries, and the 
posterior cerebral artery and its tributaries such as the posterior temporal artery. 
The more central the location of the AVM, the more complex the vascular supply. 

Different treatment modalities exist, including radiosurgery, endovascular tech
niques, and surgery. Radiosurgery may be a good choice for the smaller malforma
tions in this region [12], but the technique is not widely available, so the discussion 
whether to use endovascular embolization or surgery remains. 

Both techniques carry morbidity and mortality. If the main feeders are large ves
sels, endovascular embolization seems a reasonable choice [2, 7]. If a nidus still 
remains after several sessions of embolization, however, surgery should be sched
uled. The operation can be done via the transtemporal or the interhemispheric ap
proach [3,6,9]. The transtemporal route described by Heros [3] has the disadvan
tage of a transcortical and transcerebral route: good exposure is limited. The ap
proach may be well suited for medial temporal lesions, but for lesions of the trigo
nal area the real interhemispheric approach is preferable. The technique can be car
ried out with the patient in semi-sitting or prone position; with the latter position
ing, it is easy to reach the lesion. The approach has been described by several aut
hors with small variations [4, 8, 11]. 

Although the location of the A VM is quite a distance from the outside of the 
skull, the terminology "deep" A VM is not correct in relation to the brain surface. It 
is important to be aware of some general points in order to reach the malformation 
without damaging the brain and its vascular supply. The venous phase of the an
giogram is important as it allows localization of the large cortical veins. The sur
geon should proceed along the falx between the large bridging veins. Drilling 
should be generous on the side of the malformation in order to avoid problems with 
retracting the hemisphere. 

An important advantage of paramedian approach resides in the fact that the feed
ing arteries can be approached earlier than when using the transtemporal approach 
[8]. 

The aim of surgery should be total removal of the malformation. Due to the 
compartmental organization of A VMs, some parts of the malformation may be 
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overlooked through being hidden in the corpus callosum [11, 13]. As in the case of 
patient 3, postoperative angiography may reveal a remnant of the AVM. If there is 
any doubt about the completeness of the removal, postoperative angiography 
should be performed. 

Conclusion 

1. In young patients with a symptomatic A VM surgical treatment is superior to 
conservative treatment [5]. 

2. Endovascular techniques are of great help in obliterating the major feeders; how
ever, in this particular localization of-the medial parieto-occipital region, they 
seldom eliminate the angioma completely. Embolization is the treatment of 
choice when the malformation has a dominant feeder like the posterior cerebral 
artery. Its advantage resides in its making surgery much easier [2, 7]. 

3. Radiosurgery (proton beam, gamma knife) is a reasonable alternative for the 
treatment of small, medially located angiomas [12]. 
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Considerations on the Coexistence of Intracranial 
Arteriovenous Malformations and Aneurysms 

J.A. Grotenhuis and J.A.N. van der Spekl 

Treatment of intracranial arteriovenous malformations (AVMs) is still one of the 
great challenges in neurosurgery. In a considerable number of cases a special di
mension is added to the problem by the simultaneous detection of one or some
times more than one intracranial aneurysm. 

Three hypothesis have been propounded to explain the nature of this coexis
tence: (1) the association of AVM and aneurysms is coincidental; (2) both lesions 
are congenital vascular malformations that tend to occur simultaneously; (3) aneu
rysms are caused by the hemodynamic stress resulting from the augmented blood 
flow to the A VM. 

The first hypothesis is considered unlikely, though possible. The incidence of 
aneurysms occuring simultaneously with A VMs is, according to recent clinical 
studies covering a large number of AVMs, 6%-9% [5,7,9,12,14], higher than 
that of aneurysms alone in a general population, which definitely suggests a special 
relationship between these two lesions. The second hypothesis cannot be accepted 
because intracranial aneurysms are not purely congenital. Although the congenital 
medial defect of the arterial wall is an important factor in the development of an 
aneurysm, it is also found in many parts of arterial bifurcations, where aneurysms 
do not develop. Furthermore, in an autopsy study on 215 subjects with intracranial 
aneurysms, the prevalence of A VMs was not higher than in a control group of 849 
subjects without intracranial aneurysms [11]. 

Our study suggests, together with most other recent studies, that the hemody
namic stress due to the increased blood flow to the A VM plays a decisive role in 
the development of aneurysms located on the arterial route supplying the A VM. 
This hypothesis is supported by the following observations: aneurysms frequently 
occur at sites remote from the circle of Willis and are to a very high percentage lo
cated on arteries contributing to the AVM [1,2,4,6,8, 10]; there have been sever
al observations of shrinking of the aneurysm after surgical treatment of the A VM 
as well as of an increase in size of the aneurysm on angiographic follow-up of con
servatively treated A VMs [5, 7, 13]; in a postmortem study of a patient with an 
A VM and an aneurysm, it was found that the media of the dilated artery varied in 
thickness and the elastic lamina was interrupted in some places [3]. That the 
increased blood flow can cause distension and degeneration of arterial walls has 
also been shown experimentally [11]. 

1 Neurosurgical Center Nijrnegen, Canisius-Wilhelmina Hospital and St. Radboud Universi
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In the present study we report six of our owns cases and a review of the literature 
on the coexistence of intracranial A VMs and aneurysms. The following data are 
based upon 158 AVMs associated with 196 aneurysms; 121 were associated with 
one aneurysm, 37 A VMs with more than one. 

The first group consisted of 98 supratentorial and 23 infratentorial A VMs. In 91 
out of the 98 supratentorial and in all 23 cases of infratentorial A VM, the aneurysm 
was located on an artery related to the A VM. 

The second group consisted of 32 supratentorial and 5 infratentorial A VMs, as
sociated with altogether 75 aneurysms. In 16 out of the 32 supratentorial and in 3 
out of the 5 infratentorial A VMs all aneurysms were on arteries supplying the 
A VM, while in the other 16 supratentorial and 2 infratentorial A VMs, at least one 
aneurysm was related to the A VM. 

It is not always obvious which of the two lesions is the symptomatic one, and in 
the case of spontaneous intracranial hemorrhage it can be impossible to determine 
unequivocally which of the lesions has bled. In many cases the primary CT scan 
will provide the decisive evidence, but in doubtful cases one should recall the fol
lowing indications compiled from the literature: there was no correlation between 
probability and kind of hemorrhage on the one hand and size of the A VM, number 
of associated aneurysms, and localization of A VM and aneurysms on the other. 

From the 158 AVMs associated with 196 aneurysms, we found unequivocal data 
concerning kind of hemorrhage and source of the bleeding in 82 cases. In 50 cases 
a subarachnoid hemorrhage and in 32 cases an intracerebral hemorrhage occurred. 
In 43 out of the 50 cases with subarachnoid hemorrhaging the aneurysm was the 
source of the bleeding (86%), the remaining 7 cases being caused by the A VM. Out 
of the 32 cases with intracerebral hemorrhage, 25 were due to rupture of the A VM 
(18%), the other 7 were caused by rupture of the aneurysms (22%). Finally, the age 
of the patient appeared to be important. Below 30 years of age there was a higher 
probability of bleeding from the A VM. With increasing age, there was a higher 
probability of aneurysm rupture. 

From 1980 to 198976 patients harboring 77 AVMs were diagnosed in the neu
rosurgical center Nijmegen. In 6 cases we found associated aneurysms (7.8%). The 
mean age of the 70 patients with AVM was 30.2 years (range 1-59 years), where 
that of the 6 patients with associated aneurysms was 42.0 years (range 33-52 
years). This marked difference in mean age has also been reported in the literature. 
The data of the 6 patients with A VM and aneurysm can be gathered from Table 1. 

Regarding the treatment of patients harboring an A VM and aneurysm, one 
should concentrate first on the symptomatic lesion. If the A VM is the source of the 
hemorrhage and surgery is considered as the best option, all aneurysms related to 
the A VM should be treated in the same session. Although aneurysms may shrink 
and even angiographically disappear after excision of the A VM, it is very doubtful 
that this disappearence can be regarded as actual healing. There will always be a 
change, however remote, of hemorrhage, from the permanently damaged arterial 
wall. 

Even more important is the simultaneous treatment of aneurysms located on 
adjacent normal arteries or adjunctive feeding arteries, because these vessels often 
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Table 1. 

AVM Aneurysm Operation 
(1st stage) 

Pat. Pat. Initial Source of 
age sex Localization Feeders Localization symptom hemorrhage Aneurysm A VM Follow-up 

33 M Frontal L ACAL AcoA/AIAR SAH Aneurysm ++ - Symptom-
oalCA L (ACoAlAIA) free 

51 F Parietal L ACAL ACAL Seizure Aneurysm + + Right hemi-
MCAL (1972) paresis 

SAH (post-
(1984) operative 

rebleeding) 

42 M Cerebellar L SCAL PICAL SAH Aneurysm + + Symptom-
PICAL free 

45 F Parietal R ACAR pcalCAR Seizure Aneurysm + - Symptom-
. MCAR (1969) free (with 

SAH antiepilep-
(1981) tics) 

42 M C. callosum ACAR AcoA SAH+ AVM + + Memory 
ICH defect, 

decreased 
activity 

39 M Parietal R ACAR AcoA SAH Aneurysm + - Symptom-
MCAR free, surgery 

ofAVM 
scheduled 

ACA, anterior cerebral artery; ACoA, anterior communicating artery; AlA, AI-segment of ACA; ICA, 
internal carotid artery; ICH, intracerebral hemorrhage; MCA, middle cerebral artery; oaICA, offspring of 
ophthalmic artery from ICA; pea/CA, offspring of posterior communicating artery from ICA; PICA, pos
terior inferior cerebellar artery; SAH, subarachnoid hemorrhage; SCA, superior cerebellar artery 

increase in size after excision of the A VM and the concomitant decrease in size of 
the A VM's feeding arteries and their main branches, leading to a higher probability 
of aneurysm rupture. Surgical treatment of these aneurysms is also strongly ad
visable directly before nonsurgical treatment e.g., embolization of the A VM. 

If the aneurysm is the source of bleeding, then it should be surgically treated. 
The A VM should then be regarded as an incidental, unruptured A VM. Treatment 
of this lesion should depend on individual considerations, including the age of the 
patient and size and localization of the A VM, the latter also in relation to the aneu
rysm to be approached surgically. In these cases, decision analysis, a mathematical 
aid to clinical reasoning, may be useful where judgment is difficult. 
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Follow-up After Treatment for 
Intracranial Arteriovenous Malformations 

H.M. Mehdoml, S.P. Miiller2, D. Kochl , and W. Grotel 

Introduction 

Despite refinement of surgical techniques, intracranial arteriovenous malformations 
(A VMs) continue to challenge neurosurgeons in the way of selecting the best treat
ment for any particular patient with regard to the medical history, clinical find
ings, location and size of the A VM, and in the light of their personal experience. In 
order to clarify the long-term results of various forms of treatment, a follow-up 
analysis was performed on outcome in 300 consecutive patients treated at the De
partment of Neurosurgery of University of Essen Medical Center between 1970 
and 1989 for symptoms due to an angiographically demonstrated intracranial 
AVM. 

Patients and Methods 

The 300 consecutive patients treated for clinical symptoms attributable to an A VM 
came from a total of 319 patients treated for intracranial angiomas between 1970 
and 1989 in our department. Charts were reviewed and clinical follow-up was car
ried out where possible. If no long-term clinical follow-up was available, informa
tion about long-term results of treatment was sought from relatives or referring 
physicians. Particular care was directed toward the social outcome. The follow-up 
interval ranged between 0 and 291 months after the first event which had led to the 
diagnosis of an A VM, with an average follow-up interval of 60 months. 

In the patients who had undergone proton beam therapy (pBT), in addition to 
clinical follow-up, computed tomography (CD) scans every year and control an
giography 2 years after therapy were performed. This led to 41 control angiogra
phies and 104 CT scans in 54 patients. 

Transcranial Doppler sonography (TCDS) was used for frequent monitoring of 
flow velocities in intracranial arteries supplying angiomas, in order to better under
stand changes in intracranial hemodynamics following this kind of treatment. 
Technical details have been published previously [7, 8]. A total of 210 TCDs ex
aminations were performed in 64 patients. Finally, in 11 patients, single photon 
emission computed tomography (SPECT) studies were performed using techne-

1 Neurochirurgische Universitiilsklinik, HufelandSlr. 55, W-4300 Essen 1, FRO 
2 Abteilung flir Nukleannedizin, Neurochirurgische Universitiilsklinik, Hufelandslr. 55, 

W-4300 Essen 1, FRO 
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tium-labelled erythrocytes to determine the size and intensity of the blood pool in 
the A VM itself. 

Results 

One hundred and fifty-three patients presented with intracranial hemorrhage, and 
their age distribution showed a peak: in the second decade of life, while patients 
with seizures as initial symptoms (85 patients) had their highest incidence in the 
third decade, and other initial symptoms such as neurological deficit or headaches 
(58 patients) mostly occurred even later in life. 

Primary treatment consisted of surgical excision of the A VM in 108 patients, ra
diation therapy using the stereotactic proton beam technique (PBT) (4-7) in 68 pa
tients, and ligation of the feeding artery in 30 patients; interventional neuroradiol
ogy was employed in 11 patients, followed by excision of the lesion or by radiation 
therapy, or performed as the only procedure (upon patient request); a conservative 
approach was chosen in 6-7 patients. (Of the remaining 16 patients, 5 died within 
24 h of admission and 11 were treated by a variety of other methods.) Figure 1 
shows the treatments employed in relation to the primary symptoms. 

Because this was a retrospective analysis covering a period of 20 years, the size 
and location of the AVMs could not be determined with sufficient accuracy to 
grade the AVMs according to one of the recently published grading systems [11, 
12]. For historical reasons, several patients harboring large AVMs which had been 
considered elsewhere as inoperable were referred to our department specifically to 
be further referred for PBT by Dr. Kjellberg in Boston. Most of these patients de
cided against surgery or neuroradiological interventions when the therapeutic risks 
and benefits were discussed with them again and preferred the lower-risk therapies 
even with the residual risk of later hemorrhages. 
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Clinical Follow-up 

In order to compare the results of different treatment modalities (Fig. 2) in relation 
to initial clinical symptoms, we first looked at patients presenting with intracranial 
hemorrhage and whose clinical condition was classified as Hunt and Hess grades 
I-III upon admission to our department. In the surgically treated group, combined 
long-term mortality and invalidity (defined as requiring intense daily care) was 
12% (including two deaths due to cancer and suicide). Fifty-five percent of the pa
tients had returned to their previous work. In the group of patients undergoing PBT, 
90% of the patients had gone back to their previous occupation. Among the pati
ents operated upon because of seizures, one patient died, and 69% returned to their 
previous work. Among 15 patients who had undergone radiation therapy after sei
zures had led to the diagnosis of an A VM, one died of a massive hemorrhage while 
the others led a useful life. Finally, in the group of patients who were diagnosed 
because of a neurological deficit and/or headaches, only 1/3 were able to return to 
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their previous occupation; their percentage was higher among the irradiated or con
servatively managed patients. 

Long-term results for each treatment modality were obtained by using the Kap
lan-Meyer method of life-time analysis. Figure 3 clearly shows that surgical remo
val of an A VM provides the lowest risk of a recurrent hemorrhage - the recurrent 
hemorrhages are due to incomplete A VM removal or additional A VMs at other lo
cations. Also, patients with radiated A VMs run a risk of recurrent hemorrhage only 
slightly lower than that in the natural history - at least in the follow-up time of up 
to 153 months (average 86 months). On the other hand, patients who have under
gone PBT have the best course as far as AVM-related mortality and invalidism is 
concerned, when compared to surgically treated, and conservatively managed pa
tients, although it should be said that particularly the surgical group contains pa
tients who arrived at our institution in Hunt and Hess grades IV and V condition. 

Additional Investigations 

Control CT scans were reviewed for a total of 54 patients who had undergone PBT; 
20 showed a reduction of contrast enhancement, and the A VM was no longer visi
ble in five. Contrast enhancement diminished, in rare instances, even over several 
years. No signs of parenchymal brain damage were detected in a single instance. 
Control angiography was performed in 41 patients of the same cohort, 2 years after 
PBT; it showed disappearance of the A VM in four patients and reduction of size 
and/or flow through the A VM in ten. While only small A VMs (less than 2 cm in 
diameter) actually disappeared some larger A VMs showed a reduction in size. 

TCDs showed in most instances a reduction in mean flow velocity within the 
first 6 months following radiotherapy; however, over the ensuing time, a return to 
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Fig. 4a, b. Patient with a right parieto-occipital A VM who has undergone proton beam 
therapy. a Development of blood flow velocities in the arteries feeding the A VM and nonnal 
brl}in; MCA, middle cerebral arteries. b Development of the blood volume as determined by 
SPECT, calculated as the ratio between the A VM and the contralateral areal 

flow velocities close to the preradiation levels was noted. A typical example of the 
changes in the angioma-feeding arteries over time is given in Fig. 4a, indicating a 
reduction in flow velocity in the angioma-feeding arteries while the velocities in 
the arteries of the contralateral (left) hemisphere did not change. 

SPECT investigations using technetium-labelled erythrocytes showed a reduc
tion of blood volume in the A VM in only 6 of 11 patients within the 12 months 
following proton beam therapy. In the other patients, the time course varied re
markably. In addition to TCDs findings, Fig. 4b also shows the course over time of 
blood pool for the same patient. It is obvious that the reduction of blood volume 
occurs later than reduction of flow velocities and again is only temporary. 

Discussion 

Since the natural history of symptomatic AVMs carries a 2.23%-3%/year risk of 
recurrent hemorrhage [1,9, 15], any kind of treatment should reduce this long-term 
risk as long as the immediate risk remains acceptable. Although different grading 
systems have been proposed in order to evaluate the surgical risks [11-13], mortal
ity and morbidity still vary remarkably in different series [2,3, 12, 14], depending 
on patient referral and management. Therefore, the term "inoperable lesion" should 
also be regarded as an expression of personal experience and judgment. 

In the series of 300 patients with a clinically symptomatic intracranial AVM re
ferred to our department between 1970 and 1989, the yearly risk of hemorrhage in 
untreated patients was approximately 3%, with a higher risk during the early 
follow-up time. This risk could best be reduced by surgery, with three late recurrent 

24 
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hemorrhages due to contralateral or residual A VMs. On the other hand, surgery re
sulted, as calculated by the life table analysis, in a mortality of approximately 12% 
at 1 year, with no further deaths during the average follow-up of 5 years. This, 
however, includes all patients treated over a 20-year period for AVM-related intra
cerebral hemorrhage of any severity and all causes of death. These figures, of 
course, are to a certain degree historical figures and therefore cannot be uncondi
tionally used for comparison of surgical risks against the risks of other forms of 
modern treatment (Fig. 3). 

Still, from what appears in Figs. 2 and 3, the other preferred method of treatment 
was referral for PBT ([4-6], R.N. Kjellberg 1989, personal communication), and 
these patients had the best course as far as mortality and invalidism are concerned. 
The follow-up results in these patients make evident the risk of recurrent 
hemorrhage, which, in agreement with the literature, was not reduced in the first 
years after therapy. For the patients presented here, who represent only a small sub
group of Dr. Kjellberg's overall series of more than 800 patients with A VMs, it is 
too early to give any long-term results; in the overall experience, a significant re
duction of mortality from recurrent hemorrhage has been observed to occur after a 
latency period of 8 years. 

The clinically obvious benefit of PBT is at odds with its results as shown by 
other investigations: the "wipe-out" rate [3] following PBT as evidenced by control 
angiography and cr is very low, but on the other hand, the risks with PBT seem to 
compare effectively with those of any kind of treatment, bringing no early compli
cations and a late complication rate of 1.8% ([4]; R.N. Kjellberg 1989, personal 
communication). In our patients, no complications related to PBT have been ob
served yet; they will continue to be followed in the future. 

Because the clinical effects of PBT are so difficult to measure in the early phase, 
it was thought interesting regularly to follow these patients with additional nonin
vasive investigations. Previously, our early experience with TCDs has been report
ed [7], and it was suggested that the initial reduction of flow velocities in intracra
nial arteries subsequent to PBT may be related to a reduction of arteriovenous 
shunt in the A VM and therefore might correlate with the protection against hemor
rhage. The additional data gained since then regarding flow velocities further sup
port the idea that the flow reduction is only temporary and may be related to an 
early postradiation swelling in the nidal vasculature. So far, however, the flow re
duction cannot be directly related to the long-term benefit of PBT, as is shown by 
the fact that the patient whose TCDs data were previously presented [8] has since 
died from massive intracerebellar hemorrhage 20 months after PBT. Autopsy ex
amination in this particular patient [10] did not show any of the alterations in the 
vasculature which have been proposed to occur after radiation therapy [5,6]. 

The later re-rise of flow velocities is also difficult to explain; it may be related to 
a reduction in diameter of feeding arteries, although no sufficiently comparable 
control angiographies have been performed in these patients to study this assump
tion. 

It had been hoped that the additional data obtained from SPECT relating to the 
blood pool in the A VM would help in understanding the TCDs findings. Although 
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in some patients a reduction of blood pool has been observed, a later re-rise in 
blood pool also occurred. So far, these data are controversial and further experience 
and correlation with patients' clinical development will be needed to make them 
helpful. 

To conclude, surgical excision of an intracranial A VM remains the best choice 
of treatment provided it can be performed safely. Close cooperation with interven
tional neuroradiologists may be one way of further reducing surgical risks. Radia
tion therapy should be reserved for patients harboring truly inoperable lesions, be
cause of the long delay until it really provides protection against future hemorrha
ges. 
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Posterior Fossa Arteriovenous Malformations: 
Angioarchitecture in Relation to Hemorrhagic Episodes 

G. Rodesch1 , 2, R. Garcia Monaco1, H. Alvarez1, A. Goulao1, and P. Lasjaunias1 

Introduction 

Posterior fossa arteriovenous malformations (A VMs) are rare in comparison with 
supratentorial lesions: they represent about 10%-15% of all intracranial AVMs [1, 
2]. Their presenting symptoms are mainly hemorrhages [3]. but the question whe
ther there is an increased risk of bleeding in this infratentorial localization is still 
unanswered. In order to try to analyze the relationship between hemorrhagic epi
sodes and posterior fossa localization, we have reviewed the files of 32 patients re
ferred to one of us (p.L.) and analyzed the angioarchitecture of the AVMs in
volved. 

Results 

Seventy-eight percent of all A VMs in our series (foramen magnum lesions, dural 
fistulas, cavernomas, and venous anomalies were excluded from our series) pre
sented with hemorrhage; 9.5% were revealed by progressive neurological 
symptoms; 6.5% were incidental findings. In the pediatric population (five patients 
in our series), cardiac failure developed in one newborn (3%) and in another baby a 
cranial bruit was heard (3%) which led secondarily to the diagnosis. 

In the population with cerebellar A VMs, 24 of the 28 patients (86%) presented 
with hemorrhage and only one with neurological symptoms. On the other hand, of 
the four brain stem lesions, two presented with progressive deficit, one with in
tracranial bruit (see above) and one with hemorrhage. 

Discussion 

We have tried to penetrate the angioarchitectural data of the AVMs and compare 
them with those obtained previously by analysis of supratentorial lesions [2, 4] 
Twenty (62.5%) were nidus-type lesions and 5 (15.5%) belonged to the group of 
micro-A VMs [5]. Four (12.5%) were associated with dilatation of the vein of Ga
len (false vein of Galen aneurysm malformations). Multiple AVMs were seen in 
three patients (10%). 

1 Hopital Bicetre, Neuroradiologie Diagnostique et Therapeutique, 78 rue du General 
Leclerc, 94275 Le Kremlin Bicetre, France 

2 Hopital Erasme, Neuroradiologie, 808 Route de Lennick, B-I070 Brussels, Belgium 
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Table 1. Angioarchitecture of posterior fossa A VMs in 32 patientsa 

Angioarchitecture Patients overall Patients who bled (n = 25) 
n % n % 

Venous ectasia 24 75 18 72 

Venous stenosis 22 68 18 72 
or thrombosis 

Aneurysms 7 22 6 24 

TransduraI supply 6 19 6 24 

Transmesencephalic supply 6 19 4 16 

a The difference between the overall population and the group that bled is min
imal since 78% of them are the same patients. 

The following aspects of angioarchitecture were particularly looked for: venous 
thrombosis, stenosis, or ectasia, associated flow-related aneurysms (pre- or intrani
dal), transdural supply, and transmesencephalic supply. The analysis is summarized 
in Table 1 and shows that bleeding is mainly due to rupture of venous ectasias sub
sequent to venous stenosis or thrombosis and to associated aneurysms. Since these 
elements represent high risk factors, they should be treated first by endovascular 
therapy in order to decongest the venous system and disconnect the arterial pouch
es. The angioarchitectural analysis of posterior fossa A VMs shows no major 
further differences to supratentorial lesions. The risk factors have equal incidences 
in both locations [3]. On the other hand, according to Crawford et al. [2], infraten
toriallocation is not synonymous with higher risk of hemorrhage, as temporal lobe 
location is, for example. The same conclusions can be drawn from a comparison of 
clinical and autopsy data [3]. 

Though apparently supporting the "classical" concept that posterior fossa A VMs 
have a high tendency to bleed, our series suggests that hemorrhagic accidents are 
rather the dominant expression of cerebellar AVMs, as in micro-A VMs [5]. We 
speculate that clinical tolerance of these lesions is guaranteed by the functional 
anatomy of the cerebellum [3]: this could mean that the "best way" for these 
AVMs to reveal their presence is the hemorrhagic episode. By contrast, brain stem 
lesions would reveal themselves primarily by neurological deficits, because of the 
eloquence of this structure and its great concentration of nervous pathways, so that 
any pathological condition will rapidly produce symptoms. 

Conclusion 

Posterior fossa A VMs do not bleed or rebleed more than other A VMs. Hemorrhage 
is their dominant mode of expression. There are no angioarchitectural differences 
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between supra- and infratentorial lesions. Bleeding is linked to venous hemodyna
mic changes or associated aneurysms, with the same incidence as in other A VMs. 
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Clinical and Radiological Prognostic Factors 
in Cerebral Arteriovenous Malformations 

H.-G. Hollerhage, K.-M. Dewenter, and H. Dietzl 

Introduction 

Progress in microsurgery has meant that operative treatment of arteriovenous mal
formations (A VMs) has nowadays become to a high degree safe. In consequence 
there is a clear indication for surgery in the majority of these lesions, whereas some 
25 years ago conservative treatment was recommended in 85% of all cases [10]. 
Thus, progress in surgical techniques has abrogated a lot of restrictions to surgery 
of A VMs. However, this new surgical freedom is increasingly offset by the pro
gress made in endovascular techniques, which are not limited to lesions not amen
able to surgery but are becoming established as an alternative form of treatment or 
even the treatment of choice in malformations well accessible to the surgeon. These 
developments require careful consideration during decision making, which should 
be based on empirical data allowing the best assessment of the prognosis in each 
individual case. Since the term A VM designates relatively heterogeneous lesion, 
mere comparison of different series of surgically treated or surgically vs. endo
vascularly treated cases provides only more or less anecdotal information. This is 
the reason why grading systems have been published. In a previous paper [3] we 
discussed the value and practicability of the systems of Luessenhop and Genarelli 
[5], Spetzler and Martin [9], and Shi and Chen [8]. We arrived at the conclusion 
that, although the system of Spetzler and Martin has some advantages, strictly 
speaking all these grading systems are rather arbitrary and have a low accuracy in 
predicting the outcome of surgery of A VMs. In the present paper we present a 
method of evaluating prognosis by multivariate analysis of radiological and clinical 
data. 

Methods 

From 1972 to 1987 107 patients underwent surgery for histologically verified 
AVMs. We obtained the relevant clinical data such as age, sex, grade of clinical 
condition on admission, history of bleeding or seizures, clinical course, and early 
and late outcome from the patients' records. The clinical grade on admission and 
the outcome grading were assessed according to a 5-point scale as published else-
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where [2]. This admission scale was graduated as follows: no deficit, grade I; slight 
deficit, grade II; distinct deficit. such as palsy or disturbance of consciousness, 
grade III; severe deficits, grade IV, comatous moribund state, grade V. The out
come scale is very similar to the Glasgow outcome scale, with grade I signifying an 
excellent result and grade V death. Late outcome was according to the last follow 
up, which was never less than 3 months postoperatively. Only patients who were in 
a good clinical state (grade I, II) on discharge were lost to follow up. In these cases 
we took it for granted that the late follow up was the same. Out of all 107 patients, 
six had no angiographic signs of the lesion preoperatively. The angiograms of eight 
more had not been performed at the Medizinische Hochschule Hannover and were 
no longer available at the admitting hospitals. This left 93 sets of angiograms for 
analysis, which was carried out as follows. All feeding arteries and draining veins 
as well as the exact location and size of the malformations were listed, and the sta
tistical analysis was based on these data. The correlation between grading and the 
outcome was calculated by means of Spearman's rank correlation coefficient Q 

corrected for ties [7]. For multivariate analysis we used a software implementation 
of a generalized linear model [4] developed at the University of Linz, Austria 
(ALMO Statistik-System, Prof. Dr. Kurt Holm, University of Linz, Austria). We 
used a submodel for multiple dichotomous independent and one dichotomous de
pendent variable. The dependent (target) variable was the late outcome. The inde
pendent (predictor) variables were entered into the multiple regression model in a 
stepwise procedure. In this procedure variables are entered in succession and only 
those which contribute significantly to the regression are retained; others are elimi
nated. Many variables were naturally dichotomous (e.g., venous drainage: superfi
cial/deep; feeders from a particular artery: yes/no) and the rest were dichotomized 
as follows. Clinical grade on admission and outcome were dichotomized into good 
(grades I and II) and poor (grades III-V). Age and size were divided into young/old 
and small/large, depending on whether they were above or below the respective 
median value. The influence of the significant predictors is represented in terms of 
effects which are given with standard deviation and significance level. 

Results 

The significant variables are shown in Table 1. The strongest adverse effect seen 
on the prognosis was from lenticulostriate feeding arteries. Feeders from the ro
landic branches of the middle cerebral artery had a similar effect to feeders from 
the Al segment of the anterior cerebral artery. Interestingly, feeding of the AVM 
from the contralateral side through the anterior communicating artery had an 
adverse effect on prognosis, too, even when the lesion was remote from the anterior 
cerebral territory. 

Compared to the effects of these radiological data, the effect of clinical grade on 
admission was not so strong. All other variables had no effect at all or only weak 
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Table 1. Significant prognostic factors confirmed by multivariate analysis 

Effect" Standard Partial Significance 
deviation correlation (p <) 

coefficient 

Feeders from Ml segment 
(lenticulostr .) 0.6852 0.1875 0.3649 0.0005 

Feeders from rolandic branches 0.3737 0.1075 0.3492 0.001 

Shunt through anterior 
commun. artery 0.3160 0.1565 02116 0.05 

Feeders from 
Al segment 0.3060 0.1440 0.2221 0.05 

Poor clinical grade 0.1338 0.0524 0.2642 0.02 

a Effects can be understood as quantification of the adverse influence of the factors on 
outcome. 

Multiple correlation: 0.5747; p < 0.0001 

Table 2. Grading of A VMs on the basis of our analysis 

Feature Points assigned 

Clinical grade 
on admission 

good (I, IT) 1 
poor (111-V) 2 

Feeding vessels from 
Al segment 

no 0 
yes 1 

Ml segment 
no 0 
yes 1 

PI segment 
no 0 
yes 1 

Rolandic branches 
no 0 
yes 1 

Shunt through anterior 
communicating artery 

no 0 
yes 1 
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Table 3. Results of surgery in relation to our grading 

Grading 
I II ill IV Total 

Outcome I 26 11 1 0 38 
II 13 17 0 0 30 
ill 4 7 4 1 16 
IV 0 3 3 1 7 
V 0 1 1 0 2 

Total 43 39 9 2 93 

e =0.55 

effects that were not statistically significant In particular, there was not even the 
slightest support for the hypothesis that the type of venous drainage was of any 
prognostic significance. The number of feeders and the size of the lesion each had 
only a slight but not significant effect on the outcome. In general, feeders from the 
posterior cerebral artery tended to be prognostically favorable, although in one case 
with a feeding artery from the PI segment, a poor outcome (grade IV) due to 
thalamic infarction was seen. With regard to the clinical data, age had only a slight 
effect. Whether bleeding had occurred or not only affected the clinical grade on 
admission; it had no direct effect on outcome. The history of seizures did not influ
ence the result of surgery. 

On the basis of these findings we graded our cases as shown in Table 2. The 
inclusion of feeders from the PI segment among relevant prognostic factors may 
seem unreasonable, but its importance is supported by our findings even though 
with only one case it could not be statistically confirmed. A theoretical maximum 
of 7 points could be given if all unfavorable prognostic criteria were met. However, 
the maximum score in our patients was 4. 

Table 3 shows our results on the basis of this grading. The rank correlation coef
ficient g of 0.55 shows that this grading correlates quite well with outcome. 
Exclusion of the PI feeders from the scoring does not change the rank correlation 
coefficient except for the rounded third place behind the decimal point. 

Discussion 

One of the points we made in our previous paper [2] was that present grading sy
stems of A VMs provide only weak prognostic tools because they are based on 
rather arbitrary categories. Consequently the correlations between gradings and 
outcomes are not very clear: the correlation· coefficient Q between the Spetzler and 
Martin's classification and outcome in our patients was 0.22, for Luessenhop and 
Generalli's scheme it was 0.14, and for Shi and Chen it was 0.12. All correlations 
coefficients were thus closer to zero (which is equivalent to no correlation at all) 
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than to 1 (which is equivalent to perfect correlation). We were able to show that 
clinical grade on admission is a better predictor than all three grading systems 
(Q = 0.34), but this is not a particularly satisfying correlation either. By contrast, 
much higher correlations exist between the grading system of Hunt and Hess and 
outcome after aneurysmal subarachnoid hemorrhage. For example, calculation 
using the data given by Chyatte et al. [1] yields g = 0.52 and calculation of the 
placebo group of Petruk et al. [6] yields g = 0.58. It is obvious from this that the 
grading scale of Hunt and Hess has important implications in finding the best treat
ment of subarachnoid hemorrhage and the best timing of aneurysm surgery. A 
similarly effective prognostic system for AVMs would certainly be worthwhile, 
especially if it were as easy to use as the Hunt and Hess scale. The problem with 
the three grading systems mentioned is that they are based not on an analysis of 
clinical and radiological data but on the opinion of the authors. For example, a deep 
venous drainage leads to a more unfavorable classification in both Spetzler and 
Martin's and Shi and Chen's system; our results make it unlikely that the type of 
venous drainage is of great prognostic importance. Similarly, feeders from the pos
terior cerebral artery lead to a higher (less favorable) score in Shi and Chan's sys
tem; our results even show a tendency to better outcomes in this group. 

An advantage of Spetzler and Martin's system is that it is easy to apply. How
ever, this does not compensate for low prognostic accuracy. Our grading system is 
quite easy, too, and is based on statistical analysis of clinical and radiological fac
tors. We are aware of the objection that these factors only showed their signifi
cance in a retrospective study in our patients and cannot readily be generalized, and 
that therefore it would be desirable to verify the value of the predictors in a pro
spective series. On the other hand, our results do not only make sense because they 
were extracted from our patients' data by a computer program: they are plausible, 
too. If we look at the factors that influence the prognosis unfavorably we have 
"poor grade on admission," which is obvious without further comment. The others 
are "feeding vessels from the Al and MI segments and rolandic branches." These 
are vessels that supply eloquent regions of the brain, especially the basal ganglia 
and the central region. Although it could not be confirmed statistically, it is ob
vious that feeders from the PI segment have probably the same adverse effect on 
the prognosis of surgery. That is why our proposed grading scheme takes feeders 
from the PI segment of the posterior cerebral artery into account The adverse ef
fect of a shunt through the anterior communicating artery even in remote lesions is 
less straightforward but may be explained by the fact that excision of such lesions 
must induce a considerable change in hemodynamics because of the abolishment of 
the shunt volume. 

Our proposed grading scheme is generally applicable in supratentorial A VMs. 
The rank correlation coefficient between grading and outcome of 0.55 achieved by 
our scheme is high, comparable to the correlation of the Hunt and Hess scale, with 
outcome in aneurysmal subarachnoid hemorrhage. It could therefore be a most 
valuable prognostic tool in the treatment of A VMs. 
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Venous Angiomas: Experience with Surgical and 
Nonsurgical Management 

J.C. Tonnl, U. Schuchard2, C.R. Homig3, A.L. Agnoli2, and K. Roosen1 

Introduction 

Venous angiomas have until now been considered a rare vascular malformation. 
Especially before the era of computerized tomography (CT) they were infrequently 
diagnosed by clinicians. Nevertheless, they are a relatively common incidental 
finding at autopsy, representing 16%-59% of all cerebral angiomas and therefore 
being the second most frequent angiomatous malformations [1]. This indicates that 
most venous angiomas remain asymptomatic during life. We have performed a ret
rospective analysis of patients with venous angiomas with the aim of comparing 
the results and the pitfalls of surgical and nonsurgical management. 

Material and Methods 

Between 1969 and 1990,21 patients with 22 venous angiomas were admitted to the 
Departments of Neurology and Neurosurgery of the University of Giessen; one 
patient harbored two venous angiomas. Hospital records, angiograms, CT scans 
and magnetic resonance images (MRI) were reviewed. Only patients with angio
graphically proven venous angiomas were included into the study. As far as possi
ble, a follow-up and review of the clinical course since the time of diagnosis was 
carried out. 

Results 

The mean age of patients was 31.0 ± 16.1 years (range 5-74 years), with a pre
dominance of males (n = 16). In nine patients the lesion was located in the frontal 
lobe. In four of these cases, a cutaneous manifestation was visible in the periorbital 
(n = 2) or frontotemporal (n = 2) region. In our series, venous angiomas within the 
posterior fossa were most commonly found in the brainstem (Table 1). The lesions 
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Table 1. Localization of 
venous angiomas 

Site 

Frontal lobe 
Temporal lobe 
Parietal lobe 
Occipital lobe 
Cerebellum 
Brainstem 

n 

9 
4 
2 
1 
2 
4 

22 

Table 2. Initial symptoms 

Seizures 
Incidental fmding 
Cutaneous manifest. 
Subaraclmoid hemorr. 
Intracerebral hemorr. 
Dysarthria/ataxia 

All patients Patients operated upon 
n n 

7 
6 
4 
2 
2 
1 

3 

4 
2 
1 

91 

showed a definite propensity for the left side (n = 12) in comparison to the right 
side (n = 5) and the midline (n = 5). Most of the malformations (n = 7) were diag
nosed during investigations following seizures, usually of the grand mal type. In 
six cases, a venous angioma was found incidentally during examination for mini
mal or vague complaints not related to the angioma. In two cases a subarachnoid 
hemorrhage had been the initial symptom, in another two patients a minor intrace
rebral hemorrhage with cranial nerve palsies (Table 2). 

Ten out of 22 angiomas were operated upon (for the initial symptoms of these 
patients see Table 2). The diagnosis was confirmed histologically in nine cases - in 
the missing one the biopsy specimen unfortunately got lost. We observed postoper
ative complications in eight patients (Fig. 1). The most frequent was a hemiparesis 
with or without aphasia, due to hemorrhagic infarction of the area in which the 
venous angioma had been located. There were no deaths in either treatment group. 
A significant difference was evident in the functional outcome of the patients: al
though the neurological deficits were comparable in both groups at the beginning 
of the treatment, morbidity was far lower in patients without surgical treatment. 
Whereas 9 out of 11 patients without surgery had no neurological deficits during 
follow-up this outcome was only achieved in 3 out of 10 patients operated upon 
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Fig.!. Postoperative complications 

(Fig. 2). During the follow-up period no hemorrhage occurred in those patients 
who had not undergone surgery. 

Discussion 

According to Jellinger, venous angiomas consist of anomalous veins within intact 
neural parenchyma [1]. Neither the number nor the size of the arterial feeders is 
increased. Lasjaunias stresses the fact that venous angiomas drain a territory of 
regular arterial vasculature and intact neural tissue; there is no alternative system of 
drainage. These anomalous veins run into a normal extraparenchymatous venous 
system. He calls the small deep veins converging towards a transhemispheric 
collector a "developmental venous anomaly" [2]. This description implies that re
moval of this drainage might be hazardous for that region of the brain [5] and 
would explain the high incidence of postoperative hemorrhagic infarction of the 
brain. Such experiences have already been described in other publications [4]. The 
low incidence of symptomatic hemorrhage in our series of venous angiomas diag
nosed during life might be due to the fact that these lesions are "low flow" vascular 
malformations. In this respect one might doubt whether a venous angioma is re
sponsible for subarachnoid hemorrhage (SAH) at all. One could speculate that 
these patients suffered from an SAH of unknown origin and in addition harbored a 
venous angioma. The high incidence of asymptomatic venous angiomas in post
mortem studies supports this hypothesis. Minor hemorrhages in the brainstem as
sociated with venous angiomas have turned out to have a good clinical course with
out any invasive therapy. 
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none 
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moderate/severe 
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_ no surgery _ surgery 

Fig. 2. Functional deficits of 21 patients with a venous angioma after either surgical or non
surgical treatment 

Grand mal seizures are not necessarily caused by a venous malformation and 
may really be considered a separate disease. In our experience, appropriate anti
convulsive medication is superior to surgery for venous angioma in controlling 
epileptic fits. 

In agreement with other authors [3,4,5] we conclude that the only indication for 
operation upon a venous angioma is when it is associated with a large space-occu
pying hematoma which has to be evacuated. Merely because the apparent incidence 
has gone up due to an increasing frequency of CT and MRI investigations is no 
reason to carry out surgery more often. 
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Intracranial Venous Angiomas 

C. Pletsl , G. Wilms2, J. Goffml, and Y.S. Hol 

Introduction 

Venous angiomas are defined as consisting of venous structures only, without arte
rial or capillary components. According to Fierstein et al. [2], venous angiomas are 
devoided of large quantities of smooth muscle and elastic tissue; hyalinization and 
thickening of the walls are common. The first report on a venous angioma demon
strated by angiography came in 1967 [7] and described a structure consisting of a 
collection of fine dilated medullary veins converging into a central vein draining 
into a superficial or deep venous system. In 1981, Saito and Kobayashi [4] were the 
first to propose that venous angiomas are formed as a result of maldevelopment of 
the medullary veins and their tributaries during embryogenesis. The actual inci
dence of venous angiomas is unknown but current consensus is that with the avail
ability of gadolinium the detection rate of venous angiomas will undoubtly in
crease. 

Materials and Methods 

Our study is a retrospective analysis of 18 cases of venous angiomas seen from 
1984 to 1989 inclusive. There were 18 patients: 10 male and 8 female. The average 
age was 31.4 years with range of 10--84 years. There were 10 supratentorial angio
mas which drained into the superior sagittal sinus and 8 infratentorial venous an
giomas draining into the superior petrosal sinus or the confluence of sinuses. Com
puted tomographic (CT) scans were performed in all patients on third-generation 
scan equipment. Fifteen patients underwent magnetic resonance (MRI; Magne
tom R, 1.5 Tesla-Siemens Erlangen). Transfemoral selective angiography was per
formed in 12 patients. 
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Fig. 1. Contrast-enhanced cr scan. Very typical picture of a venous angioma, showing 
linear and nodular enhancement in the right middle cerebellar peduncle 

Results 

The most common symptom was headache (44.4%), followed by sensorimotor 
disturbance (22.2%). The incidence of hemorrhage was 20% in the patients with 
supratentorial angiomas and 12.5% in those with infratentorial angiomas. 

Contrast-enhanced CT showed an abnormality in 16 patients. Of these, the scans 
of only two patients, with linear and nodular enhancement, were considered diag
nostic of a venous angioma (Fig. 1). 

On TI-weighted MRI the draining vein was seen in all instances. It appeared hy
pointense in 67% of cases, which is consistent with the flow-void appearance of 
fast-flowing blood. Definitive diagnosis of a venous angioma depends on visuali
zation of the medullary veins. This was seen in only 20% of cases using TI
weighted imaging (Fig. 2). With gadolinium enhancement and Tl-weighted imag
ing, the medullary veins could be seen clearly in all cases in addition to the drai
ning vein (Fig. 3). 

We wish to emphasize that gadolinium-enhanced MRI gives a very similar pic
ture of venous angiomas to angiography (Fig. 4). Angiography confIrmed a venous 
angioma in all instances; the typical pattern of medullary veins and draining veins 
was well seen. 



96 C. Plets et al. 

Fig.2. T2-weighted MR!. A group of medullary veins is seen in the left cerebellar 
hemisphere. This image is diagnostic for a venous angioma but was found in T2-weighted 
images in only 20% of our cases 

Although all our patients presented with symptoms, only three were operated 
upon: two of them had bled, and the third case had an intracerebellar angioma cau
sing severe vertigo. One patient with a venous angioma in the deep white matter of 
the left parietal lobe underwent radiosurgery with the gamma knife in Stockholm. 
His condition remained good at 3-year follow-up. 

Discussion 

Intracranial venous angiomas are largely silent lesions, being detected with increas
ing frequency since the advent of CT and MR.I. Nevertheless, both the natural his
tory of these lesions and the absolute indications for operative treatment remain 
unknown. We compared the patterns of contrast enhancement on CT in our series 
to those reported by Valavanis et al. [5]. According to these authors a round, en
hancing, non-space-occupying lesion in the white matter associated with transcere
bral or transcerebellar linear enhancement is a highly specific CT pattern for a 
venous angioma. Assuming this to be so, CT was diagnostic in 12.5% of the cases 
in our series and in 18.6% of the cases of Valavanis et al. 
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Fig. 3. Gadolinium-enhanced Tl-weighted image (same case as Fig. 2 ). The medullary 
veins and a small part of the draining vein are clearly visible and look very similar to the 
way they are seen in venous angioma (see Fig. 4) 

It is now widely accepted that MRI is a useful method in detecting venous an
giomas. According to Augustyn et al. [I], T2-weighted imaging is more successful 
in demonstrating venous angiomas than TI-weighted imaging. In their opinion, the 
transcerebral draining veins were detected in 86% of cases and appeared as hypo
intense structures. In contrast to this, the body of the venous angioma, correspond
ing to the medullary veins, was visible in 57% of cases as hyperintense areas. The 
increased signal could be accounted for by the increased blood pool in the body of 
the angioma. Our noncontrasted T2-weighted imaging showed the transcerebral 
draining vein as hypointense in 67% of cases and as hyperintense in 33%. The in
creased signal can be explained by even echo rephasing as a result of slow laminar 
flow [6]. The medullary veins were seen in only 20% of the cases in our series. 

To date, the use of paramagnetic contrast media in the detection of venous an
giomas has not been widely studied. We have performed gadolinium-enhanced Tl
weighted MRI studies in 8 patients. In all cases the venous angioma could be vi
sualized and the images strongly resemble the angiographic pictures. On the basis 
of our experience, we would propose that in patients who are not being considered 
for operative treatment, the diagnosis of a venous angioma can be provided by a 
gadolinium-enhanced MR examination, thus obviating the need for angiography. 
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Fig. 4. Frontal vertebral angiogram of a venous angioma draining into the confluence of 
sinuses (same case as Fig. 2) 

The absolute indications of surgery of venous angiomas remain unclear. This is 
largely due to the poor correlation between the symptomatology and the venous 
angioma itself. Moreover, these angiomas are frequently asymptomatic. Evidence 
from the literature suggests large hemorrhage as the primary indication of surgery. 
Cerebellar venous angiomas have a higher propensity to bleed than supratentorial 
lesions [3]. We would like to stress that the main danger of the operative procedure 
is the interruption of the transcerebral or transcerebellar draining vein too close to 
the venous sinus, which would result in venous infarction, e.g., of the brain stem in 
a case of cerebellar venous angioma. The aim of the operation must be to interrupt 
the medullary veins and the proximal part of the draining vein within the white 
matter, well away from the entrance into the venous sinus or the deep vein. With 
this approach we had no significant morbidity and no mortality. 



Intracranial Venous Angiomas 99 

Conclusions 

1. Venous angiomas are more frequent than was previously thought. 
2. They can easily be diagnosed on contrast-enhanced Tl-weighted images. An

giography is not necessary. 
3. Operative indications are limited to large hemorrhages and perhaps to operable 

infratentorial angiomas. 
4. During operation, the medullary veins and the proximal part of the draining vein 

should be interrupted, but far away from the sinus. 
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Congestive Cardiac Manifestations 
from Cerebrocranial Arteriovenous Shunts 

G. Rodeschl.2, R. Garcia Monacol, D. Devictorl, C. MannI, A. Hannedouchel, 
K. Terbruggel, and P. Lasjauniasl 

Introduction 

Cerebral arteriovenous shunts (CA VS) are an infrequent cause of congestive 
cardiac failure (CCF; 15%-19%). These systemic phenomena are of variable 
intensity, going from mild cardiac overload to acute heart distress. In newborns, the 
natural history of severe heart failure due to CA VS has always been considered 
very poor, with almost 100% mortality. It is the purpose of this presentation to 
demonstrate that arterial embolization allows dramatic improvement of cardiac 
function and satisfactory growth in children affected [1]. 

Material and Methods 

Our series consists of 30 children (18 male, 12 female), all less than 15 years old: 
19 were less than 1 month, 7 were between 1 and 12 months, and 4 were more than 
1 year old. For 23 of them (77%), early CCF was the main complaint; in 7 patients 
(23%) it was macrocephaly and/or hydrocephaly that was the main problem. 

The vascular lesions involved were of different types: 22 vein of Galen 
aneurysm malformations (VGAM), two cerebral arteriovenous (A V) malforma
tions, two dural A V fistulas, one cerebral A V fistula, two facial capillary heman
giomas, and one facial A V fistula. 

The goal of treatment aimed for at that moment was to reduce the flow of the 
A V shunts by embolization, this leading to a decrease in volume and pressure 
overload to the right atrium and secondary stabilization of cardiac function. 

Arterial embolization was indicated in 24 patients and has so far been performed 
in 22: five newborns, 11 infants, and six children. Nine patients weighed less than 
5 kg, nine between 5 and 10 kg, and four over 10 kg. These embolizations treated 
57 occluded cerebral arteries in 42 sessions. Ten were performed as emergency 
procedures. 

All procedures were done under general anesthesia after direct femoral puncture. 
No cut down has ever been made in our series. Therapeutic endovascular approach 
was through microcatheters (Tracker from Target Therapeutics or Minitorquer 
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from Ingenor Company) placed through a 4F introducer sheath. We always used 
low-osmolarity contrast medium (Hexabrix 320, Lab. Guerbet) at a dose of 
4-6 ml/kg. Embolization was performed with fluids iso-butyl-cyanoacrylate or N
butyl-cyanoacrylate in cases of true vascular lesions or with particles (polyvinyl 
alcohol foam) in capillary hemangiomas. Systemic hypotension was never used 
because it would have a deleterious effect on myocardial and cerebral perfusion. 

Careful selection of patients and correct choosing of the moment of appropriate 
treatment are in our eyes essential for satisfactory results. We therefore subdivided 
our pediatric population into three groups. 

Group 1 (four patients). We decided to abstain from treatment because of severe 
brain damage (demonstrated by either Ultrasonography (US), computed 
tomography (Cn, and/or magnetic resonance imaging (MRI) or technical 
limitations (size of the feeding pedicles). 

Group 2 (seven patients). In these patients CCF developed early and was rapidly 
stabilized by medical treatment. In such cases embolization can be postponed until 
the age of &-8 months if cardiac function remains stable. The children are 
submitted every month to pediatric examination and every 2 months to CT or MRI. 
If the systemic situation no longer responds to treatment or if neurological 
deterioration occurs, "emergency" embolization is performed more rapidly than 
initially decided. Complete cure is not mandatory at that stage: control of about 
30% of the shunt is in our experience sufficient to stabilize the systemic situation 
and allow the child to grow further in a satisfactory way. Medical treatment can 
then even be rapidly reduced. If anatomical cure can be achieved in one session (in 
case of brain AVMs or VGAMs) the child is kept asleep for 3&-48 h in the 
pediatric intensive care unit in order to allow an uneventful return to equilibrium of 
the cerebral hemodynamics. We have performed this in three babies so far, who are 
now neurologically normal and free of cardiac symptoms. Delayed endovascular 
therapy was proposed in four other patients: two have been safely embolized and 
are now cured; two others are awaiting treatment. 

Group 3 (19 patients). For these patients embolization was chosen as direct 
adjuvant therapy to medical treatment after careful analysis of the brain 
parenchyma (US, MRI, cn. These children are resistant to medical treatment: 10 
procedures were performed as an emergency for stabilization of CCF. Of the 
remaining nine patients, two had treatment refused by their family and are now lost 
to follow-up. In the seven remaining, nonsystemic symptoms were the main 
complaint: minor neurological signs, seizures, hydrocephaly, failure to thrive, etc. 

Results 

To date, 22 patients have been embolized. In 16 of them (73%), CCF resolved 
completely and digitalis and diuretic treatment could be stopped. Four patients 
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(18%) improved clinically after endovascular treatment and the medical treatment 
could be satisfactorily reduced. 

The mortality in our embolized patients is 9%: one baby born with VGAM died 
of massive gastrointestinal bleeding and acute hepatic failure and another of 
intracranial hemorrhages during management of brainstem A VM. This brings the 
overall mortality (embolized and nonembolized patients) in our series to 20%. The 
neurological morbidity was nil; skin necrosis occurred as the only complication 
after embolization of facial capillary hemangioma. 

Conclusion 

We believe that the classical bad prognosis of CCF due to cerebrocranial AVS has 
to be revised. Embolization may control, improve, or cure the shunts and give 
babies chances of normal development. The endovascular procedures can be 
associated with low mortality and morbidity if they are performed according to a 
precise protocol subject to appropriate multidisciplinary management. 
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Neuropsychological Abnormalities in Patients with 
Cerebral Arteriovenous Malformations: A Pilot Study 

N. Muik1, U. Zoworka1, B. Kimmig2, E. Irle3, and B. Wowra4 

Introduction 

Stereotactic irradiation is the treatment of choice for inoperable cerebral arterio
venous malformations. At the University of Heidelberg a device for stereotactic ra
diotherapy using a modified linear accelerator has been developed and used for 
therapy of nearly lOO patients since 1984 [6, 11, 16]. 

The clinical experience of dealing with those patients gave rise to the following 
study, since we found a considerable number of patients suffering from organic 
psychosyndromes which might have been due to the vascular lesion and which 
could not be sufficiently covered by description in clinical terminology. The aim of 
this pilot study was to evaluate neuropsychological testing for detailed analysis of 
those "psychosyndromes" and to identify probable causative factors associated 
with those lesions, e.g., bleeding episodes, epilepsy, and vascular steal syndromes. 

P~tients and Methods 

Patients 

Twenty-six patients with cerebral vascular lesions treated in 1989 entered the 
study. Of these patients 24 had arteriovenous malformations (AVM), one patient 
suffered from a cavernous angioma, and one patient had a hemangioblastoma. 
Apart from the patient with the cavernoma, who underwent microsurgery, all 
patients were treated by stereotactic single-dose irradiation [6, 11, 16]. The clinical 
data of these patients are summarized in Table 1. 

The angioma patients were tested using various neuropsychological tests; the re
sults were compared to the results obtained from 20 patients treated for lumbar disk 
herniation (clinical control group) and 30 normal volunteers (normal control 
group). Both control groups were matched for age and education to the angioma 
group. 
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Table 1. Clinical data of angioma patients 

Lesion type 24 A VMs, 1 cavernoma, 
1 hemangioblastoma 

Sex 17 Male, 9 female 

Age Mean: 44 years 
(range: 22-65 years) 

Location of lesion Frontal 2 
Frontotemporal 1 
Temporal 5 
Temporoparietal 3 
Parietal 6 
Basal ganglia 6 
Midbrain/pons 2 
Midline 1 

Symptoms Hemorrhage 11 
Recurrent hemorrhage 4 

Epilepsy 11 
Vascular steal 4 

Neuropsychological Tests 

Intellectual Functions. General intellectual abilities were tested with a shortened 
version of the Wechsler Adult Intelligence Scale (yY AIS) [4] using the four sub
tests "Information," "Similarities," "Picture completion," and "Block design." 
Concentration and psychomotor speed were tested with a German version of the 
Stroop Test [1] and the Trailmaking Test [15]. Possible receptive language distur
bances were examined with the Token Test [5, 14]. Memory functions were tested 
with a paired associate paradigm [12], the selective reminding procedure [3], the 
Benton Visual Retention Test [2], a visual form of the selective reminding proce
dure [13], and the Gollin's Incomplete Figures Test [17]. 

Personality and Mood. The German version of the MMPI (Minnesota Multiple 
Choice Personality Inventory) [8] was presented with the dimensions depression, 
hypomania, schizophrenia, psychasthenia, and psychopathic deviation. Further
more, the FPI (Freiburg Personality Inventory) [7] was used with the subsets de
pression, sociability, dominance, extraversion, neuroticism, and inhibition. The 
current mood state was assessed by a short version of the EWL 
(Eigenschaftsworterliste) [10] including the dimensions vigor, fatigue, depression, 
anger-hostility, extraversion, anxiety, and irritability. 
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Results 

Intellectual Functions 

Comparisons (U tests) of the AVM patients with each of the two control groups re
vealed strong impainnents in all intellectual tests applied (p < 0.05 in both cases). 
The clinical control group was slightly but insignificantly impaired compared to 
the normal control group. The impairments of the angioma patients were most 
prominent in the verbal memory designs. The results for the verbal selective re
minding paradigm in the angioma and the clinical control group are presented in 
Fig. 1. 

Within the group of angioma patients strong performance differences were re
vealed in patients who had had more than one episode of intracranial hemorrhage. 
These patients were strongly impaired in all cognitive variables compared to pa
tients who had had none or not more than one. However, patients with just one he
morrhage still did worse than those in both control groups. Epilepsy, on the other 
hand, was apparently unrelated to substantially impaired test scores. The perfor
mances of patients with recurrent hemorrhage in the verbal selective reminding 
paradigm are described in Fig. 2. The Benton Test results of patients who had had 
at least one hemorrhage are shown in Fig. 3. 

Personality and Mood 

Compared to the clinical control group, the group of A VM patients had signifi
cantly elevated scores on the depression scales of all three tests. Furthermore, 
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Fig. 1. Results for the verbal selective reminding paradigm. The amount of words 
recollected from short-tenn (STM) and long-tenn (LTM) memory are shown for the six trials 
of the task. AG, angioma group; eG, clinical control group 
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Fig. 2. Results for the verbal selective reminding paradigm. The amount of words 
recollected from short-term (STM) and long-term (LTM) memory are shown for the six trials 
of the task. AGI, patients with recurrent hemorrhages; AG2, patients with one or no 
hemorrhagic episode 

A VM patients obtained significantly higher scores on the neuroticism scale of the 
FPI, and on the scales for hypomania, schizophrenia, and psychopathic deviation of 
the MMPI. The same results were obtained when the angioma patients were com
pared to the normal control group, except for the schizophrenia scale (p> 0.05). 
The results of all three groups in the MMPI are shown in Fig. 4. 
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Fig. 3. Results in the Benton Test. The amount of correct items (out of 10) and the amount of 
errors performed in all items are shown. Patients with one or more episodes of hemorrhage 
are compared to those without a history of hemorrhage. The performances differ 
significantly for both kinds of measure (p < 0.001 in both cases) 
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Fig. 4. Results in the MMPI. The percentages of confirmed items are shown for the scales 
psychopathic deviation (PD), schizophrenia (SC), hypomania (MA), psychasthenia (PT), and 
depression (D). The thick solid line indicates the angioma group, the thin solid line the 
normal control group, and the broken line the clinical control group. The values relate to 
comparisons between angioma group and the clinical control group 

Within the A VM group, individuals with lesions in the frontal lobe or in close 
connection to limbic structures showed the most striking deviations in the test score 
of the MMPI. The scores of these patients, especially on the scales for depression 
and hypomania, were significantly higher than those obtained by the other A VM 
patients. 

Discussion 

The results of neuropsychological testing in cerebral angioma patients confirm the 
initial clinical impression that these patients are considerably impaired with respect 
to their intellectual abilities. Furthermore, all patients reported considerable depres
sion and also showed deteriorations in their emotional behavior. 

The most important finding may be the considerable intellectual, especially 
mnemonic deficits of patients who had experienced recurrent intracranial hemor
rhages. This finding supports a strong indication for stereotactic irradiation of an
gioma patients thought to be inoperable, after their first bleeding episode. 

In general, patients are believed to have a good chance of full recovery after a 
first intracranial hemorrhage from an AVM. Our data, however, clearly show that 
these patients, too, suffer from substantial intellectual deterioration (see Fig. 3). 
This indicates that these patients also require appropriate therapy, e.g., stereotactic 
irradiation. 

In contrast to the pronounced cognitive effects of hemorrhage, neither the possi
bility of an influence of epilepsy nor steal-related effects could be generally sub
stantiated. 
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As regards personality and emotion, severe deteriorations were found in all 
A VM patients. Here, the location of the angioma seemed to have considerable in
fluence on the specific mood regulation. 

While all angioma patients confIrmed more statements than controls in relation 
to depression, schizophrenia, hypomania, psychopathic deviation, and neuroticism, 
the changes, at least in the scales for hypomania and depression, were most pro
nounced in patients with frontal or limbic A VMs. Similar observations were made 
in patients with frontal lesions due to cerebral trauma [9]. Thus, unlike in the in
tellectual domain, the A VM seems in itself to be the most important predictor of 
mood disturbance, rather than sequelae of hemorrhages. However, at present we 
are not able to differentiate between direct effects mediated for example by vascu
lar steal, and reactive behavioral changes in the course of a long-term illness. We 
hope that follow-up investigations of these patients, including more specifIc ques
tionnaires, will help to clarify these questions. The latter, too will hopefully pro
vide information about the effects of stereotactic therapy on intellectual and emo
tional disturbances. 
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Cerebral Cavernous Hemangiomas: 
Treatment and Surgical Decisions 

M. Westphall , D. Winklerl , G. Nowak2, R. Schwachenwald2, H. Amold2, 

and H.-D. Herrmannl 

Introduction 

Advances in medical diagnostic technology have led to the diagnosis of cavernous 
hemangioma being made more frequently in recent years than before. Conse
quently, many of the earlier published series underestimated the incidence of this 
type of cerebral vascular malformation, otherwise more than 126 cumulated cases 
should have been reported by 1986 [1]. Knowledge of the clinical course and sur
gical risk associated with these malformations was thus derived from individual 
case reports or series compiling surgical results over long periods of time, in which 
great differences in surgical standards arose [2-5]. Therefore, some of the clinical 
features and surgical risks of this disease are in need of reassessment in more ho
mogenous series in which a sizable number of patients have been operated upon 
within a short time period with consistent surgical management. 

Cavernous hemangiomas may be located anywhere in the entire central nervous 
system and the indications for surgery may have to be viewed as being very rela
tive in specially eloquent brain regions. Special emphasis will therefore be given in 
this report to those criteria in patient's case histories which facilitate decision mak
ing, such as the history and risk of hemorrhage, and the relatively low risk of sur
gery performed with the highest technical standards. 

Patients: Clinical and Neuroradiological Data 

In the period between October 1985 and April 1990, 27 intracranial cavernous 
hemangiomas (cavernomas) were treated in our institutions. During the same peri
od we saw six patients with spinal intramedullary caveromas, who will not be re
viewed further in this report. The clinical data are summarized in Table 1. Of the 
four brainstem cavernomas, three were located in the lower brainstem and one in 
the lamina quadrigemina. Of the supratentorial cavernomas one was located in the 
optic chiasm and two within the cavernous sinus. The other lesions were located in
traparenchymally in different regions within the brain. There was a slight 
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W-2000 Hamburg 20, FRO 
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Table 1. Cerebral cavernous hemangiomas: 
clinical features 

Localization 

Supratentorial. 

Infratentorial. 

Brainstem 

excluding brainstem 
cavernous sinus 
optic chiasm 

excluding brainstem 

upper 
lower 

No. of 
cases 

21 
2 
1 

2 

4 
1 
3 

Females: 16 patients. mean age 30.9 years (range 10-56) 
Males: 11 patients. mean age 35.9 years (range 15-68) 
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prevalence of female patients. Six patients were below 16 years of age, which 
agrees well with the incidence in children reported by others [6]. 

Focal or generalized seizures were the leading presenting sign and present in 14 
of our 27 patients (Table 1). All patients complained of headaches but only one 
presented with headaches as the only symptom. Eight patients reported a sudden 
onset of neurological symptoms. In five patients. this led to immediate hospital 
admission. Three other patients gave a history of sudden onset of neurological 
symptoms several years prior to hospital admission. Overall. seven patients pre
sented with residual neurological deficits from presumed previous hemorrhages. 
The range of the individual case histories was between 29 years and 4 days. The 
average was 7.9 years, with a tendency to becoming shorter. Seven patients pre
sented with acute hemorrhage and as many with a slowly progressive neurological 
deficit. In several patients a combination of symptoms was present. 

None of our patients reported a family history of cavernoma, which according to 
some series occurs in up to 50% of patients [7], nor did any patient in our series in 
whom magnetic resonance imaging (MRI) was performed give evidence of multi
ple lesions. 

All patients underwent computed tomography (Cn scanning. In 52% a calcified 
lesion was seen as the most characteristic sign. Contrast enhancement was com
mon. In only one case was the lesion hypointense. A CT image suggestive of cav
ernoma is a hemorrhage without mass effect. This is exemplified in the case of a 
young girl who had fainted a few hours before admission and underwent CT scan
ning only because she had hurt her head (Fig. 1). 

In addition, MRI was obtained in most patients and was regularly the decisive 
investigation. In cases presenting with hemorrhage, a discrepancy between size of 
the clot and neurological deficit, especially in the brainstem. was observed and was 
judged to be the telltale sign of underlying cavernoma (Fig. 2). Typically, the le
sions were inhomogeneous and hemosiderin as an indicator of previous hemorrha
ges was visible in the T2-weighted images in all cases (Fig. 3). 
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Fig. 1. Unenhanced cr scan of 15-year-old girl who had fainted before admission to the 
hospital and was neurologically normal at that point except for a slight headache 

Angiography was performed in 17 of our patients. It failed to show vascular mal
formation in 12 cases, in which an avascular space was seen instead. In three pa
tients a vascular lesion was seen in the late venous phase, and in one patient with a 
cavernous sinus cavernoma, the vascularization was so intense that a meningioma 
was suspected preoperatively. Indirect signs of a space-occupying lesion were evi
dent in one case. Thus, angiography proved useful in the assessment of the degree 
of obliteration or vascularization in suspected cavernomas of the cavernous sinus. 

Results 

All cavernomas were completely resected. The overall outcome was good: 21 out 
of 27 patients were improved either at the time of discharge or at the first postoper
ative visit about 4 weeks after leaving the hospital. Four patients were unchanged, 
either with persistent neurological deficit without further aggravation, or with no 
deficit before and none after treatment. Two patients were worse. One these two 
patients, in whom preexistent hemiparesis was aggravated, has improved to better 
than preoperative level during further follow-up. Only one patient remains oph
thalmoplegic 6 months after removal of a cavernous hemangioma within the caver
nous sinus. 

A CO2 laser was an essential aid in surgery of cavernomas of the brainstem. 
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Fig. 2. MR images from a patient who presented with a sudden onset of right-sided dys
esthesia and diplopia. On CT scan a fresh pontine hemorrhage was seen. The images demon
strate the discrepancy between the size of the hemorrhage and the neurological symptoms 

Discussiou 

The diagnosis of cavernous hemangiomas has been made more often during the last 
decade due to the advent of MR.I. Thus, patients with only minimal disease and 
nonnal neurological status will become eligible for surgery. Our experience shows 
that these vascular malfonnations should be managed aggressively in all patients, 
even those with minimal disease or lesions located in critical regions of the cere
brum or brainstem, provided that certain conditions are met in the latter group. 

There is no question that, in addition to the risk of hemorrhage, a persistent sei
zure disorder associated with a cavernous hemangioma should be an indication for 
surgical removal, and that these two symptoms are responsible for the majority of 
referrals for surgical treatment [8]. 

Hemosiderin around the lesion is an indicator of recurrent microhennorrhages 
and is present in virtually 100% of cases [7]. Massive hemorrhage, on the other 
hand, was present in almost 60%, as documented either on admission by CT or 
MR.I or proven indirectly by remnants of old hemorrhages found intraoperatively in 
patients in whom there was also a history of a past sudden neurological deficit. 
Thus, a major aspect in deciding for or against surgery is the risk of hemorrhage. 
We feel that a patient who has had a single hemorrhage with good recovery may be 
left unoperated upon but needs to be followed and advised about the possibility of a 
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Fig. 3. cr scans and TI-weighted MR images of a lesion in the dorsal pons of 51-year-old 
woman who presented with a slowly progressive pontine syndrome. The MR images show 
the hemosiderin around the lesion 

recurrence. Patients who present with ahemorrbage and suffer a neurological defi
cit from the clot should undergo surgery. With other authors, we feel that such 
operations in eloquent regions like the brainstem are best carried out after clinical 
stabilization of the patient in the frrst 4 weeks after the event [9]. That clinical dete
rioration of the patient invariably follows after removal of eloquent cavernomas [1, 
3,10,11] has to be disputed [9,12]. In patients in whom there is a history of recur
rent episodic neurological deficit and progressive deterioration, removal of a caver
noma is indicated even in eloquent areas of the brain. 

The diagnosis of a cavernoma is most reliably made with MRI [7, 9]. Lack of 
mass effect or shift is highly suggestive of preformed spaces either from previous 
small hemorrhages or cystic degeneration. Therefore, hemorrhages originating 
from cavernomas are frequently less dramatic in their clinical consequences than 
would be expected from the size or location, especially in eloquent areas such as 
the brainstem. This phenomenon can also be seen on a CT scan. Such discrepancy 
is highly suggestive of a cavernous hemangioma. In our series, such presentation 
was seen in five cases. 

The trend towards shorter case histories reflects the improvement of diagnostic 
tools and at the same time indicates that patients are more readily referred for sur
gical treatment. Our experience and results with surgical treatment of cavernomas 
support this trend. 
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Microsurgery of Cavernous Angiomas of the Brain with 
Special Reference to Cerebral Midline Localizations 

V. Seifert and D. S tolke1 

Introduction 

Cavernous angiomas or cavernomas of the brain, first described in 1854 by 
Luschka, comprise between 5% and 16% of aU cerebrovascular malformations [6]. 
However, with the advent and increasing utilization of computerized tomography 
(CT) and, especially, magnetic resonance imaging (MRI), cavernomas of the cen
tral nervous system (CNS) are reported with increasing frequency [11, 12]. More
over, the superior imaging qualities of MRI have also allowed detection of caver
nous angiomas occurring along cerebral midline structures, which were previously 
missed by angiography or even CT and were therefore summarized under the head
ing "occult malformations" of the central nervous system [2, 5]. The ability of MRI 
to provide exact neuroanatomical data on the midline lesion, combined with the 
routine use of microsurgical techniques, has led to rare attempts at surgical removal 
of cerebral midline cavernomas [3, 7, 8, 9, 13, 14]. In this paper we report our 
experiences with 20 cavernous angiomas of the brain, with special reference to five 
lesions located along the cerebral midline. 

Patients and Methods 

In a period of 13 years, 20 patients with histologically proven cavernous angiomas 
were operated on in the Neurosurgical Department of the Hannover Medical 
School. 

Supratentorial Cavernomas 

Fifteen patients had cavernous angiomas located in the supratentorial compartment. 
This group consisted of nine male and six female patients whose ages ranged from 
19 to 63 years. Four cavernomas were located in the frontal region, five in the pa
rietal lobe, four in the temporal area, and two occipitally (Fig. 1.). Preoperative 
neuroimaging procedures consisted of a combination of CT, cerebral angiography, 
and, more recently, MRI. Although all supratentorial lesions could be detected by 
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Fig. 1. Distribution of 15 
cavernous angiomas within the 
supratentorial compartment 

CT, MRI provided additional excellent information about the extent and localiza
tion of the cavernoma. Despite the fact that cerebral angiography was performed on 
a routine basis, its information in the case of cavernous angiomas was insignificant 
due to the poor radiological vascularization of these lesions. In ten patients the ini
tial symptoms consisted of either grand mal or focal seizures. Two patients showed 
focal neurological symptoms, and in three patients an intracerebral hemorrhage had 
occurred as primary symptom. All patients were operated on using standard 
microsurgical techniques. There was no postoperative mortality. Postoperative 
morbidity depended on the location and extent of the lesion. Where cavernomas 
were located in the motor or speech area, transient postoperative deficits were not 
uncommon but did resolve almost completely in all patients. In all patients with 
preoperative intractable generalized or focal seizures, these could be controlled 
postoperatively using standard anticonvulsive medication. 

Cerebral Midline Cavernomas 

Five patients had cavernous angiomas located along cerebral midline structures. 
There were four female patients and one male, their ages from 36 to 66 years. Two 
cavernomas were located in the cerebellar peduncles, one in the brachium pontis, 
one in the mesencephalon, and one in the caudate nucleus (Fig. 2). Although CT 
detected these pathological midline lesions, MRI, performed in all patients, was of 
absolutely superior imaging quality in terms of pathoanatomicallocalization, which 
is of the utmost importance for the planning of the operative procedure. Clinical 
symptoms consisted of sudden deterioration due to intracerebral bleeding in two 
patients and of clinical signs of an increasing mass with cranial nerve dysfunction 
in three patients. Prior to surgery the different options of conservative or operative 
therapy were extensively discussed with the patients and their relatives. 
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Fig. 2. Distribution of 5 cavernous angiomas located along or close to cerebral midline 
structures 

Fig. 3. a Preoperative MRI picture of a cavernous angioma of the right caudate nucleus. 
b Postoperative MRI picture demonstrating complete removal of the cavernoma using a 
transsylvian microsurgical approach 

b 
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The operative approaches used were as follows. The cavernoma of the superior 
cerebellar peduncle was approached using an infratentorial, supracerebellar ap
proach. For the cavernous angioma of the inferior cerebellar peduncle, a 
sub-/transtonsillar approach through the fourth ventricle was employed. For the 
cavernoma of the mesencephalon a subtemporal approach was used, while the 
brachium pontis cavernoma was approached via an infratentorial, retromastoidal 
approach. Finally, the cavernoma of the caudate nucleus was removed using a 
transsylvian approach (Fig. 3). 

Standard microsurgical techniques were used in all patients. For extirpation of 
the cavernoma of the pons the additional use of a CO2 laser was judged to be very 
helpful. 

Four cavernomas were removed completely. In one cavernous angioma recur
rence occurred, necessitating a second operation for complete removal. 

There was no postoperative mortality. Two patients recovered without any neu
rological deficit. Two patients with preoperative cranial nerve dysfunction still had 
cranial nerve defects postoperatively, but with significant improvement in one pa
tient. In the patient harboring the caudate nucleus cavernoma, postoperative hemi
paresis occurred, which resolved almost completely within 1 year postoperatively. 

Discussion 

The predominant location of cavernous angiomas of the brain, as substantiated by 
our own date, is the subcortical white matter of the hemispheres [4, 15, 16, 18]. 
Due to their macroscopical pathological appearance, with well-demarcated borders 
to the surrounding brain parenchyma, these lesions can be removed relatively 
easily using standard microsurgical techniques. Postoperative results, although de
pending to some extent on the localization and size of the cavernoma, are usually 
excellent, especially in terms of reduction of frequency and pharmacological con
trol of focal or generalized seizures. 

Computerized tomography and magnetic resonance imaging are the procedures 
of choice for adequate visualization of cavernous angiomas [11, 16]. MR.I espe
cially has proved to be superior to all other neuroimaging techniques, allowing, in 
addition to precise localization, a preoperative pathological diagnosis with a high 
degree ofreliability [11]. 

If the diagnosis of a cavernous angioma has been made on MR.I, cerebral angiog
raphy should be avoided as it is usually unable to show these lesions, owing to the 
narrowness of the feeding arteries, the slowness of circulation within the caver
noma, and the frequency of intravascular thrombosis [1]. 

MR.I is even more valuable when planning operative intervention in the case of 
cavernous angiomas located along or close to the cerebral midline. Only recently 
have scattered reports of surgery of cavernomas of the brain stem, pons or the 
mesencephalon been published. Our own experience with successful laser-assisted 
surgery of a pontine cavernous angioma [14] has substantiated our contention that a 
more aggressive approach in midline cavernomas may be justified. Although little 
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is known about the natural history of cavernous angiomas, the probability of severe 
and sometimes disastrous bleeding originating from these lesions is well docu
mented in the neurosurgical literature, especially when an initial bleeding had al
ready occurred [4, 15, 16, 18]. Moreover, Pozzatti and coworkers [10] have shown 
in a recent article that growth of cavernous angiomas within a few months is possi
ble, probably due to multiple intralesional microhemorrhages, or to rapid enlarge
ment of intracavernous cysts [17]. 

Considering the propensity of cavernous angiomas to bleed or develop signifi
cant mass effect due to their growth, once these lesions have become symptomatic 
an aggressive therapeutic approach in terms of radical resection should be contem
plated. Since the introduction of microsurgery, satisfactory approaches to lesions of 
the brain stem, mesencephalon, and basal ganglia have been developed. From the 
data extracted from the few reports in the literature dealing with surgery of midline 
cavernomas, as well as from our own experience, it can be concluded that micro
surgical removal of cavernomas of this localization, possibly assisted by CO2 laser 
energy, is feasible and may be achieved without mortality and with an acceptable 
morbidity. 
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667 Histologically Verified Cavernous Hemangiomas 
of the CNS: Review of Localization, Symptoms, and 
Signs, Diagnosis, and Results of Operative Treatment 

M. Hahn, A. Aschoff, and S. Kunze l 

Cavernous hemangiomas are low-flow malformations that consist of ectatic, lar
gely thrombosed and septated venous convolutions. There are only tiny arterial 
feeders whose walls usually lack elastic fiber; brain tissue is never interposed. Old 
hemorrhages and calcifications are frequent. 

The first description of an intracerebral cavernous hemangioma goes back to 
Luschkae [2], in 1854. As early as in 1890, decades before other vascular malfor
mations had been operated on, Bremer and Carson [1] successfully resected a pa
rietal cavernous hemangioma and thus removed a focus of seizures. 

Despite this early success, favorable conditions for operative treatment including 
lack of involution of brain tissue, good delimitation of the abnormality and mini
mal connection with normal blood vessels, and a considerable incidence in autopsy 
studies, these low-flow lesions remained little known until the mid 1970s. In the 
literature published up to 1970 we found only 45 cavernous hemangiomas. 

With the advent of computed tomography (CT), cavernous hemangiomas be
came detectable. Seven years later, twice the number of cavernous hemangiomas 
had been operated upon (92 cases) than in the 70 years. The further advent of mag
netic resonance imaging (MRI), with its superior sensivity and high specificity for 
cavernous hemangiomas, nearly solved remaining diagnostic problems. The term 
"cryptic" malformation was therefore rendered obsolete, and an almost logarithmic 
increase in operations on cavernous hemangiomas ensued. 

The most reasoned and most complete survey by Simard et al. [5], in 1986, 
included 138 cases. We have reviewed 667 histologically verified cavernous hem
angiomas reported in the literature, including 37 from our own department of 
neurosurgery at the University of Heidelberg. This high number of lesions allows 
us to give a representative overview of distribution in the CNS of these abnormali
ties. Nearly two-thirds of all cavernous hemangiomas (n = 392; 59%) are cortically 
or subcortically located. Lesions are most commonly located with the temporal 10-
bes, the frontal lobes being second in frequency (Fig. 1). 

A clinically special group concerns lesions of the middle cranial fossa. These 
have been described exclusively in female patients; they may enhance angiographi
cally, and on CT they may appear like basal meningiomas. During operation they 
tend to bleed and are thus much more difficult to operate upon. 

1 Neurochirurgische Klinik, Universitat Heidelberg, Im Neuenheimer Feld 400, 
W-6900 Heidelberg, FRO 
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Fig. 1. Distribution of 390 cavernous hemangiomas located cortically or subcortically 

Deeply located cavernous hemangiomas (Fig. 2) may occur in the basal ganglia 
(n = 45), in the ventricular system (n = 15), and within the pineal region (n = 7). 
Occasionally, cavernous hemangiomas have been found in the suprasellar region 
(n = 8) and in the pituitary gland (n = 2). Cavernous hemangiomas are particularly 
COQlmon in the posterior fossa, especially in the brainstem (n = 129, 19%; Fig. 3). 

We believe that because cavernous hemangiomas in the brainstem are more fre
quently reported on than those in more usual locations of the cerebrum, the ratios 
given above are probably not representative for all cavernous angiomas. 

Cavernous hemangiomas may also be found in the cerebellopontine angle, the 
fourth ventricle, and, comparatively rarely, within the cerebellum. 

The age at which cavernous hemangiomas become critically manifest extends 
from birth to old age. There appears to be no gender preference, since 50.2% of 
cavernous hemangiomas are seen in males and 49.8% in females. 

Supratentorial cavernous hemangiomas manifest clinically in seizures (33%), 
hemorrhages with or without mass effects (30%), and neurological deficits, usually 
caused by hemorrhage (37%). Microhemorrhages may develop without causing 
symptoms and are seen in all cases. Brainstem cavernous hemangiomas present 
with recurring hemorrhages and may progress to cause various cranial palsies; the 
pyramidal tracts may also be involved. 

Thirty-two cases of spinal cavernous hemangioma have been published. The le
sions may be located extradurally, intradurally, or within the spinal cord. Through 
hemorrhage they either cause acute paraplegia or a progressive paraparesis second
ary to compression of the spinal cord. 



124 

0.3% pituitary gland 

7% 

2.2% 
1% 
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Fig. 4. Outcome in 505 patients operated upon for cavernous hemangiomas 

The case material collected at the department of Neurosurgery of the University 
of Heidelberg includes 35 operated cases and 2 autopsy findings. We would like to 
stress that seven of the lesions were in a pontomesencephalic location and two were 
spinal cavernous hemangiomas. 

The blood perfusion of cavernous hemangiomas is so slow that angiographic 
demonstration is usually unsuccessful. The exceptions to this, as we have mentio
ned, are lesions of the middle cranial fossa at the base of the skull. Characteristic 
CT findings include absence of mass effect and edema, slight enhancement or none 
upon contrast administration, and granular calcifications. The MRI appearance very 
closely mimics what is seen at autopsy, making this imaging modality the first 
choice for diagnosis. The specificity of MRI is also high, but in cases of acute hem
orrhage a cavernous hemangioma may not be identified as such. In intraoperative 
ultrasonography, lesions are highly echogenic. 

In 21 documented stereotactic biopsies (three from the University of Heidel
berg), no histologic diagnosis could be arrived at. This is understandable if one 
looks at the histology of these abnormalities, for what is removed at biopsy is 
chiefly blood, not the characteristic tissue. We believe that stereotactic biopsy is 
contraindicated in these lesions, because of a high rate of postoperative hemorrhage 
(which may be fatal) and the very limited diagnostic success. 

Out of 505 operations (Fig. 4) results were very good or good in 76%. In 3% 
neurologic deficits resulted, and in 4% patients died. However, this number inclu
des historical cases as well as primary severe hemorrhages; 17% were without suf
ficient documentation. Surprisingly, in the 129 cavernous hemangiomas of brain
stem, 90% of the postoperative results were either very good or good, and with 4% 
the mortality was surprisingly low. 

In an extensive autopsy study [4] the incidence of cavernous hemangiomas has 
been determined as 0.4%. This number was confmned by the recent MRI study [3], 
which put the rate at 0.44%. 
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Statistically reliable data about the natural history of these lesions are a present 
subject of interest in research, as so far little is known about it. The remarkable in
cidence of cavernous hemangiomas and their relatively rare clinical manifestation 
allows us to assume that the risk of spontaneous hemorrhage is considerably lower 
than the risk of bleeding in high-flow vascular malformations. 

The clinical evolution of symptomatic cavernous hemangiomas and the epide
miologic data as known at present determine what should be done clinically. An 
absolute indication for surgery is given by severe or recurrent hemorrhage. Remov
al of the malformation is also indicated in patients with lesion-induced seizures 
resistant to anticonvulsive medication, because very often it is possible to eliminate 
focus of seizures. A relative indication exists in the case of lesions located corti
cally, outside of eloquent regions, because here the surgical risk is minimal. In 
cases where the lesion is located in eloquent parts of the brain and symptoms are 
mild or seizures can be controlled with anticonvulsive medication, the decision to 
operate may be more difficult. 

In our opinion, surgery for asymptomatic lesions found only coincidentally is not 
warranted. 

References 

1. Bremer L, Carson NB (1890) A case of brain tumor (angioma cavemosum), causing 
spastic paralysis and attacks of tonic spasm: operation. Am J Med Sci 100:219-242 

2. Luschkae H (1854) Kavemose Blutgeschwulst des Gehims. Virchows Arch [A] 
6:458-470 

~. Robinson JR, Little JR, Awad IA (1990) The natural history of cavernous angiomas. J 
Neurosurg 72:333 A 

4. Sarwar M, McCormick WF (1978) Intracerebral venous angioma. Arch Neurol 
35:323-325 

5. Simard 1M, Garcia-Bengochea F, Bollinger WE, Mickle P, Quisling RG (1986) 
Cavernous angioma: a review of 126 collected and 12 new clinical cases. Neurosurgery 
18:162-172 



Asymptomatic Cryptic Vascular Malformations 

C. Gilliard, P. Laloux, C. Thiran, and S. Mourinl 

From all large series of autopsies in addition to experience provided by current 
neurosurgical practice, it is well known that blood vessel hamartomas are rare. Du
ring recent years, the contribution of magnetic resonance imaging (MRI) [10, 19] 
to the diagnosis of cryptic vascular malformations has led to an increase in the re
corded incidence of this type of malformation. Some problems are developing such 
as: what is the best neurosurgical option in cases of asymptomatic vascular mal
formations? 

We present two cases of angiographically cryptic multiple vascular malforma
tions, one of which (the symptomatic one) was histologically confirmed. After a re
view of the literature, we discuss the neurosurgical relevance of our cases. 

Case Reports 

Case 1 

A 77-year-old women had been well until 2 months prior to admission, when she 
started to experience some difficulties in walking on her own. She had no previous 
medical record. The neurological examination revealed paraparesis with predomi
nant proximal weakness. Slight hypesthesia was found at the TH 10 level. No uri
nary disturbances were found. MRI led to the diagnosis of an intramedullary he
matoma with a cryptic vascular malformation at TH 9 level. Medullary angiogra
phy showed absolutely no vascular abnormality. On operation, a typical mulberry
like tumor was found and excised. Progressive improvement of the patient's neu
rological status was seen. MRI exploration of the central nervous system (CNS) 
showed a great number of the intraparenchymatous asymptomatic cryptic vascular 
malformations (Fig. 1). 

The patient's daughter, 47-year-old, was also examined. MRI outlined the exis
tence of a right frontal cryptic asymptomatic vascular malformation (Fig. 2); the 
angiogram was normal. She refused any surgical treatment 
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Fig. 1. Axial MRI (fR FFE 500 ms, TE 
35 ms), showing numerous little intra
parenchymatous hypointense "cryptic" 
vascular lesions 

Fig. 2. Axial MRI (fR SE 2189 ms, TE 
50 ms), showing a right frontal mixture of 
increased and decreased signal intensity 
with a prominent border of markedly 
decreased intensity 
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ease 2 

A 20-year-old man was admitted after diagnosis of a left parietal expansive lesion. 
MRI showed multiple lesions with typical characteristics of cryptic vascular mal
formations in all parts of the CNS (Fig. 3). In the parietal region, an encapsulated 
hematoma with a peripheral vascular nidus could be seen. Parietal surgery confrr
med the histological diagnosis of capillary telangiectasia in the walls of the hema
toma. Further spontaneous evolution was seen in a dramatic tendency to hemor
rhage in other localizations, with continuing good neurological status. 

This patient's brother showed a normal CNS on MRI exploration and the family 
had no history of this type of problem. 

Discussion 

The first description of vascular hamartomas was given by Virchow in 1863. Craw
ford and Russell [6] in 1956 were the frrst to give the designation "cryptic" to a 
cluster of abnormal arteriovenous connections measuring less than 2-3 cm maxi
mum [15]. The coming of angiography and MRI has made it possible to reduce the 
size by which this type of malformation is defined, and it would be better to replace 
the term "cryptic" by "angiographically occult" [16,27]. 

Fig.3a, b. These axial MRIs (fR FFE 410 ms, TE 35 ms) show different lesions with a 
peripheral rim of hypo signal due to hemosiderin and central area of mixed signal intensity 

b 
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Russell and Rubinstein [21] separated this group of malformations into four sub
groups: capillary telangiectasias, cavernomas, venous angiomas, and microarterio
venous malformations. The two first are difficult to distinguish and may be akin [9, 
30]. This is one of the arguments of our presentation. 

A lot of these malformations are asymptomatic [8], as in our cases. On the other 
hand, according to available literature for cavernomas [22, 23, 26], the clinical 
picture can be divided in three: one-third with epilepsy, one-third with hemorrhage, 
and one-third with a tumoral process. 

According to Sigal [12], the MRI picture is quite precise but not pathognomonic: 
a thin rim of low signal intensity from hemosiderin surrounds a central area of 
variably high signal intensity due to methemoglobin. The other typical elements of 
hypo-signal intensity are due to calcifications and the edema mass effect. Both an
giography and CT confirm the "cryptic" character related to the low vascular flow 
of this type of lesions [18]. 

The growth mechanism is presently not well understood [17], but a great ten
dency to bleed is often described, as particularly observed in case 2. This could ex
plain the recurrent microhemorrhages with ensuing occlusion of contiguous vascu
lar channels [9], followed by reorganization, fibrosis, and calcifications. 

Multiple localizations are encountered and the autosomal dominant mode is well 
known in cavernomas, but familial [2-4, 11, 14] and intramedullary forms [1, 5, 
24,28, 29] such as case 1 are rare [7]. Telangiectasias [5] are usually solitary, but 
occasionally multiple [9], as seen in case 2. Associations of these two types of 
hamartomas and transitional phenomena have only occasionally been described [9]. 

It seems well accepted that an extensive or solitary accessible lesion is a good 
surgical option [12,22,26]. This is the only way to exclude the risk of hemorrhage, 
and it can also be helpful in ameliorating epilepsy. Asymptomatic lesions in multi
ple localization should be evaluated for both the natural and the surgical risks. A 
few publications discuss surgery of deep-seated lesions [23] such as thalamus [20] 
or brainstem localizations [13, 25], and also encourage the evolution of surgical 
technique. General agreement exists about the inefficiency of radiotherapy in these 
cases. Symptomatic medullary localization is also a good surgical indication [5, 
29]. Our case 1 seems to be the first case report of an operated intramedullary cav
ernoma in a patient with multiple localizations [7]. 

Conclusion 

More accurate diagnosis of a rare pathological condition is possibly by MRI. This 
should permit more appropriate treatment of symptomatic cases of angiographi
cally occult vascular malformations. The hypothesis of a familial form should 
prompt detailed observation of all first-degree relatives by a noninvasive proce
dure. Genetic counseling should be offered in case of positive findings. The final 
decision to operate on an asymptomatic patient should depend on factors such as 
localization, risk of hemorrhage, the presence of multiple lesions, and also the ex
perience and technical limits of neurosurgeon himself. 
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Supratentorial Tumors in Childhood 



Pediatric Brain Tumors 

R.W.Oberbauer1 

Introduction 

Whether brain tumors in childhood can be regarded as a district entity remains a 
subject of controversy, as in terms of histological and topical aspects altogether 
there is no significant difference between brain tumors in children and adults. Koos 
and Miller [3] put down this insignificant difference (Table 1), comparing their se
ries of 700 pediatric brain tumors with the statistical data on 6000 brain tumors in 
patients of all ages collected by Ziilch [7]. In terms of histological grading and lo
cation, there is no substantial difference between the two age groups. 

However, because a child's brain is still incompletely developed, and because of 
the natural hope for an almost full human life, pediatric brain tumors have been 
dealt with separately for about a century. A huge number of publications on the 
subject exist Table 2 lists only a small proportion of the larger series. All this re
flects the presently accepted attitude to consider children as more than simply 
smaller adults, and in all aspects of treatment to be anxiously aware of the develop
ing.brain. 

Table 1. Comparison of brain tumors in children and in all age groups 

Tumor classification 

Neuroectodermal tumors 
Medulloblastoma 
Glioma 
Paraglioma 
Gangliocytoma 

Mesodermal tumors 
Ectodermal tumors 
Congenital + embryonic tumors 
Vascular malformations 
Others 

Children 
(700, [3]) 
% 

68.4 
19.0 
38.0 
11.4 
0.0 

8.1 
9.7 
1.3 
0.3 

12.2 

All ages 
(6000, [7]) 
% 

52.7 
4.0 

35.3 
13.0 
0.4 

22.5 
1.3 
1.9 
2.1 

10.9 
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Table 2. Selection of large studies on brain tumors in 
childhood 

Authors Year No. of cases 

Star 1889 300 
Cushing 1926 154 
Davis 1933 209 
Forster 1937 101 
Bailey et al. 1939 102 
Ziilch 1940 234 
Keith et al. 1949 427 
Walker-Hopple 1949 100 
Boldrey et al. 1950 220 
Bodian-Lawson 1953 129 
Ingraham-Matson 1954 313 
Korniansky 1954 764 
Odom 1956 164 
Hertz 1956 153 
Bergstrand et al. 1958 248 
Grant-Jones 1958 200 
Arendt-Nevsesianta 1959 1516 
French 1959 273 
Katsura et al. 1959 618 
Umbach 1963 243 
Tonnis-Friedman 1964 457 
Bergamini 1965 100 
Isler 1965 429 
I>J.ein 1966 357 
Bushe 1967 362 
Gerlach et al. 1967 600 
Grote 1967 438 
Koos-Miller 1968 700 
Maatson 1969 751 
Tomita-Raimondi 1979 310 
Yates et al. 1979 689 
Ioomaet al. 1984 100 
ISPN 1988 876 

Being relatively rare entities some 15 pediatric brain tumors are encountered in 
the average-size neurosurgical department every year. If infants « 1 year) are 
counted separately, because of their very rapid brain evolution and their closeness 
to embryonic development, this specialty of brain tumors in the 1st year of life is 
found once a year or even less. This fact, together with the new imaging facilities 
leading to earlier diagnosis, prompted a cooperative study on brain tumors in the 
1st year of life [1] via the educational committee of the International Society for 
Pediatric Neurosurgery (ISPN). 
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Results 

In total, 876 cases of brain tumors in the 1st year of life, from four geographical 
areas (North America, Central and South America, Europe, and Asia) were eval
uated. The sexes were almost equally represented (465 males, 404 females), which 
is in contrast to later childhood - according to a number of large series, there is lat
er a significant predominance of boys. The age distribution revealed two peaks, at 
the beginning and the end of the 1st year respectively, in particular the first appears 
remarkable (Fig. 1). As was to be expected, the diagnosis was established by CT in 
the vast majority (771) of cases. The relatively high incidence of angiography (305 
cases) and air studies/pneumencephalography (56 cases) reflect the lack of new 
imaging facilities in some countries. As to symptoms, elevation of intracranial 
pressure (68%) is by far the leading symptom in this age group, followed by cranial 
nerve deficit (22%), and impaired consciousness (19%). Seizures were encountered 
in about 12%, other symptoms are partly related to tumor localization. 

Supratentorial tumors (65.4%) are about twice as frequent as infratentorial 
(29%); both compartments are affected in 1.5% of patients. The 2.1:1 ratio between 
the incidences of tumors in the two compartments agrees roughly with other studies 
- Raimondi and Tomita 1.8: 1, Tooma and Kendall 1.5: 1, Zuccaro et al.4: 1 [2, 4, 6]. 
The anatomical locations are shown in Table 3; almost one-third were found within 
the ventricular system. 

Histologically, the most common tumors are astrocytomas (28%), ependymomas 
(11.4%), medulloblastomas (11.3%), and plexus papillomas (10.6%; Table 4). 
There are 6.2% primitive neuroectodermal tumors (PNET), which belong to the 
first. group of "not other specified" PNETs in the terminology of Rorke [5]. Cra
niopharyngiomas in this age are almost negligible, there being only 4 out of 876 
cases (0.4%). 

80 Age Distribution 

60 

< 1 1 -2 2-3 3- 4 4-5 5-6 6-7 
months 

Fig. 1. Twnors in the 1st year of life; distribution by months 
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Table 3. Anatomical location of 
tumors in ISPN study 

Location % 

Cerebral hemispheres 29 
Intraventricular 29 
Basal nuclei 18 
Cerebellum 16 
Brain stem 4.5 
Pineal 1.5 
Cerebral and cerebellar hem. 1.5 
Others 0.5 

Table 4. Histological classi
fication of tumors in ISPN 
study (n = 876) 

Astrocytoma 249 
Ependymoma 100 
Medulloblastoma 
Plexus papilloma 
PNET 
Teratoma 
Sarcoma 
Meningioma 
Qangiglioma 
Neuroblastoma 
Dermoid 
Plexus carcinoma 
Pineo blastoma 
Hamartoma 
Not reported 
Other 

PNET, primitive neuroecto
dermal tumors 

99 
93 
55 
44 
18 
16 
13 
11 
10 
8 
7 
5 

78 
70 

R.W.Oberbauer 

Complete tumor removal was accomplished in 383 cases (43.7%), resection in 
32%, 85 patients underwent biopsies, and 52 remained without any neurosurgical 
procedure. Hydrocephalus occurred in 68%; in 28.5% a CSF diversion procedure 
was employed. Radiation thempy was given in 122 cases, out of which these were 
36 astrocytomas, 25 medulloblastomas, and 23 pineal tumors; the rest were either 
undifferentiated tumors or sarcomas. This figure of 122 patients undergoing irra
diation appears relatively low, but considering the consequences of radiation to the 
developing brain, it should really be regarded as very high. One hundred and sev
enty infants had undergone chemotherapy; medulloblastomas, astrocytomas, 
ependymomas, and PNETs were again the leading types of tumor. 
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Table 5. Distribution of tumors by 
histological classification 

ISPN Graz 
% % 

Astrocytoma 31.1 43.7 
Ependymoma 12.5 7.5 
Medulloblastoma 12.4 15.0 
Plexus papilloma 11.6 3.7 
PNET 6.9 7.5 
Sarcoma 2.2 3.7 
Craniopharyngioma 0.4 3.2 
Others 22.9 15.7 
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The follow-up period ranged between 6 months and 6.5 years, with a mean of 
4.3 years. At the time of the study, 352 infants had died and 56 were lost to follow 
up. Of the remaining 468, 110 (12.5% of the entire study, or 23.5% of the survi
vors) are reported to be normal; there is mild retardation in 30.1 % and severe retar
dation in 19.7%. Moderate to severe neurological disorders are found in 43.1 %, 
frequently in combination with psychomotor retardation. Seizures have occurred in 
27%. 

With regard to the topic of supratentorial tumors in childhood it is interesting to 
compare the data from this large series with studies on the entire period of child
hood. Table 5 shows a histological comparison of the ISPN study with data from 
the University of Graz (1980-1989) on all pediatric age groups, which are quite 
sirriilar to those from most other series. There are differences in some subgroups 
like astrocytomas, and craniopharyngiomas are defmitely more frequent in later 
childhood. However, some discrepancies may well be related to variable histologi
cal classification at different institutions. The supra-/infratentorial ratio revealed no 
substantial difference, and with regard to tumor location, there is a 5% lower inci
dence of intraventriculor tumors if all pediatric age groups are considered. 

Conclusion 

The data from this international cooperative study do not only focus on the 1st year 
of life, but seem to reflect the following years in childhood quite well. Principally, 
the difference in dignity of brain tumors with regard to age is surprisingly low. 
What makes the difference in pediatric brain tumors is the continuous evolution of 
the brain, which with the numerous new achievements in surgery and adjuvant 
therapy, deserves a new orientation in treatment. 
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Multidisciplinary Approach to the Treatment 
of Supratentorial Tumors in Children 

J.J.A. Mooijl, J.H. Begeer2, R.le Coultre2, J. Leeuw3, R. Tamminga3, A. Kingma3, 

D.M. Mehta4, and L. Vencken5 

Introduction 

Brain tumors can only be treated by the combined efforts of neurosurgeons, radio
therapists, and medical oncologists. This holds especially true in children, where 
close cooperation with other specialists in mandatory, i.e., the child neurologist for 
timely diagnosis and follow-up, the neuropsychologist for assessment of treatment 
effects, and so on. Since standard treatment - surgery and radiotherapy - is not suf
ficient in a lot of cases, while on the other hand the results of chemotherapy in 
brain tumors are far from satisfactory, multimodality treatment protocols become 
more and more necessary for adequate management of brain tumors. 

Based on these and other considerations, a Pediatric Neuro-oncology Group was 
founded some 13 years ago at the University Hospital in Groningen, for multidisci
plinary treatment and management of infants and children with brain tumors. The 
hard core of the group consists of specialists from the departments of child neurol
ogy, neurosurgery, pediatric oncology, neuroradiology, and radiotherapy. Close 
cooperation exists with the departments of neuropathology, endocrinology, and 
ophthalmology. This report deals with the group's experience in children with su
pratentorial brain tumors seen during the last 13 years. 

Patients and Results 

In 13 years, 172 infants and children (up to 16 years) with a brain tumor were seen; 
72 tumors were located supratentorially (42%). A broad spectrum of histolgical 
types was encountered (Fig. 1). 

Hemispheric Tumors 

The tumors located in a cerberal hemisphere (the first three rows in Fig. 1) were 
treated by total or subtotal surgical removal and radiotherapy. The only patient with 
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Supratentorial tumours: histology 

astrocytoma (hemisph.) _ 7 
oligodendroglioma _ 5 

ependymoma _ 5 
optic glioma 12 

craniopharyngeoma 9 
pineal tumours 9 

other midline tumours 17 
rare histology _ 8 

J.JA Mooij et al. 

Fig. 1. Histological classification of 72 supratentorial brain tumors in infants and children up 
to 16 years of age 

high grade malignant astrocytoma died within 9 months. Of the six low grade 
astrocytoma patients, two died and four survived for periods between 1 and 13 
years. 

In the patients with oligodendroglioma no relation could be demonstrated be
tween grade of histological malignancy and survival. Two patients died and three 
survived. All patients with an ependymoma (three high grade malignant, two low 
grade) died within 30 months following the establishment of their diagnosis. 

Optic Gliomas 

All patients in this series had mixed optic nerve and chiasm tumors. A rather con
servative attitude was assumed in the treatment (or even diagnostic procedures) of 
these patients (Table 1). The majority of the patients remained stable over the 
years; the only death was encountered in the partial resection group, as an imme
diately postoperative fatal complication. 

Table 1. Diagnostic procedures in 12 optic glioma patients; relation with von Reclding-
hausen's disease, radiotherapy, and outcome (deterioration) 

n Von Reck1inghausen's Radiotherapy Deterioration 
+ + + 

CT/MRl 5 4 1 5 1 4 

Craniotomy 
no histology 1 1 1 1 

Minor biopsy 1 1 1 1 
Partial resection 5 2 3 1 4 1 3 
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In one patient diagnosis was made on the basis of the swollen aspect of the optic 
nerve only, without histological proof. A recurrence with spinal metastases showed 
the tumor to be a germinoma instead of an optic glioma! Subsequent treatment with 
radiotherapy was successful. 

Craniopharyngioma 

In four patients apparently total surgical removal was achieved. One patient, how
ever, had a recurrence of the cyst after 2 years. She was successfully treated by sur
gery once more and subsequent radiotherapy. In three patients partial resection was 
followed by external irradiation; the disease was then stable for 3-8 years. In two 
other patients aspiration of the cystic component of the tumor was followed by in
stillation of radioactive yttrium. The beneficial effect of this compound on the 
tumor was counteracted by its deleterious action on the adjacent vessels in the 
thalamus: progressive thalamic infarction led to death in both patients within 2 
years. 

Pineal Tumors 

In the pineal region a preponderance of dysgerminomas was found (5/9). Two of 
these patients died despite appropriate radiotherapy. 

Of two patients with embryonic cell carcinoma, one died within 5 months, the 
other is stable for the moment (6 months). Histological specimens from stereotactic 
biopsies were sometimes difficult to interpret: for example, one of the dysgermi
nomas proved later to be a pinealoblastoma. Shunts were necessary in all patients; 
radiotherapy was applied in all patients except one, whose tumor (low grade 
astrocytoma) was partially resected in another institution. 

Other Midline Tumors 

Other tumors in the midline region consisted of thalamic, hypothalamic, and hypo
physeal tumors (Table 2). All patients were treated by stereotactic or open surgery 
and radiotherapy. The patients with low grade astrocytomas did remarkably well. A 
shunt was necessary in most of these patients. 

Histological Types 

Survival in the single cases of rare tumors encountered is presented in Table 3. 
Treatment consisted of surgical resection followed by radiotherapy. Chemotherapy 
was tried in the patients with lymphoma and primitive neuroectodermal tumor. 
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Table 2. Histological diagnosis and mortality 
in 17 patients with midline tumors other than 
optic glioma, craniopharyngioma, or pineal re
gion tumors 

n Deaths 

Low grade astrocytoma 10 1 
Malignant astrocytoma 3 3 
Hypophyseal adenoma 2 1 
Dysgerminoma 2 1 

Table 3. Histological diagnosis and survival in 
8 patients with unusual histology 

Survival (years) 

Fibrosarcoma 6 
Hamartoma ()a 

Malignant schwannoma l a 

B-celllymphoma 1.5 
PNET, supratentorial 2a 

Ganglioma uncus 3 
Bourneville glioma 5 
Plexus papilloma 5 

a Dead 
PNET, primitive neuroectodermal tumor 

Discussion 

1.IA Mooij et al. 

The series of infants and children with supratentorial tumors presented here had a 
survival of about 64%. Survival was highest in optic glioma and low grade 
astrocytoma cases. 

For low grade astrocytoma, biopsy or partial resection followed by radiotherapy 
seems to be the most appropriate way of treatment today. However, close follow
up with high quality MR.I might be an alternative to immediate postoperative irra
diation in some cases. In optic glioma patients with von Recklinghausen's disease, 
imaging seems to be sufficient for making the diagnosis, in other cases histological 
specimens should be obtained because of the variety in tumors possible in this re
gion. Radiation therapy should be preserved for high grades of malignancy and/or 
progressive disease. 

Bad results were obtained especially in the ependymomas, in some of the dys
germinomas, and in various other cases dispersed among the other subdivisions of 
this series. Chemotherapy, applied in some of these cases, was rather unsuccessful. 
The number of patients newly admitted to the study of the Pediatric Neuro-oncol
ogy Group is about 10-15 each year, which is far too Iowa number to accumulate 
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any reliable experience with new forms of chemotherapy. Therefore, the Group re
cently joined one of the children's cancer consortiums in the United States, the Pe
diatric Oncology Group (POG). The major goals of the POG are to study the clini
cal features of CNS tumors, to design and study specific treatment regimes for 
CNS tumors, and to evaluate functional integrity and quality of life [1]. 

The bad effects of radiotherapy on the developing brain are well known. For this 
reason, radiation therapy is postponed more and more in the various treatment reg
imens, to at least after the age of 3, and in the near future possibly to an even later 
stage. It is here that the role of chemotherapy will become clear first, being a pos
sible solution of the "waiting period." 

Preservation or restoration of quality of life should be the major goal of any 
treatment for children with brain tumors. In our series, as in many others, this was 
not fully achieved. Of 23 children in our series who could be followed by frequent 
neuropsychological evaluation for more than 3 years, almost all scored signifi
cantly lower than age-matched normal children in the fields of intelligence, verbal 
auditory memory, verbal motor integration, and fine motor function. No special 
correlation was found between test scores and specific tumor type or localization. 

Conclusion 

The results presented here once more underline the necessity of developing better 
treatment regimens for many supratentorial brain tumors in infants and children. 
Options are more aggressive surgery, and multimodality chemotherapy in sandwich 
form with radiation therapy, this all in well-designed prospective multi-center 
protocols. 
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Treatment and Course of Malignant Supratentorial 
Brain Tumors in Childhood 

A.M. Messingl, Ch. Lumental , W. Ottenl, R. Schober2, and U. Gobe13 

It is well known that brain tumors represent the second most common neoplastic 
disease in childhood, with an incidence of 1.8-3.1 cases per 100.000 children [7, 
10]. However, no positive changes in the treatment of these tumors have yet been 
achieved as they have in other forms of childhood cancer [2]. The aim of the fol
lowing study is to demonstrate the current treatment of malignant supratentorial 
brain tumors in childhood at the University Hospital in Diisseldorf. 

Patients 

Between 1984 and 1989 a total of 33 children with supratentorial brain tumors 
were operated upon. They were treated by both neurosurgeons and pediatricians. 
Radiotherapists and neuropathologists were also involved. Sixteen of the children 
were suffering from a malignant process, defined as WHO grade TIl or IV. The age 
at time of first diagnosis was from 1 day up to 14 years, the registration limit being 
16 years (Fig. 1). Boys were more frequently affected than girls, with a ratio of 
10:4. The commonest histological diagnoses were primitive neuroectodermal tumor 
(PNET; five cases) and anaplastic astrocytoma (four cases). A quite rate tumor, 
malignant fibrous histiocytoma, had been diagnosed in one child. 

Course and Treatment 

In ten cases the history started less than 6 months previously. In ten cases the 
primary symptom was a motor dysfunction. In nine cases headache, nausea, and vi
sual dysfunction were mentioned. At the time of investigation none of the children 
gave signs of another malignant disease. In one case two siblings died after an 
unknown tumorous disease of infancy. 
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Fig. 1. Age at diagnosis (n = 16) 
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Computed tomography before and after contrast were performed in all cases 
prior to operation. Since magnetic resonance imaging is easily available it was also 
used. Only two children underwent angiography. 

Table 1. Histological diagnosis, treatment, and tumor size 

Histological diagnosis Treatment Tumor size 

PNET 2xPR+RA+C 
PNET 2xTR+RA+C >2BR 
PNET B+RA+C >2BR 
PNET TR >2BR 
PNET PR >2BR 
Astrocytoma PR+RA+C 
Astrocytoma 1 x TR, 1 x PR + C >2BR 
Astrocytoma 2xPR+RA >2BR 
Astrocytoma PR+RA 
Plexus papilloma 2xPR >2BR 
Plexus papilloma TR >2BR 
Glioma B >2BR 
Glioma B >2BR 
Ependymoma 2xTR+RA+C 
Oligodendroglioma PR+RA+C 
Malig. fibr. histiocytoma TR 

PNEf, primitive neuroectodermal tumor; PR, partial resection; TR, 
total resection; B, biopsy; RA, radiotherapy, C, chemotherapy; BR, 
brain region. 
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Table 2. Treatment and results 

Treatment 

1 x TR, 1 x PR + C 
2xTR+RA+C 
2xTR+RA+C 
2xPR+RA+C 
PR+RA+C 
PR+RA+C 
2xPR+RA 
PR+RA 
B+RA+C 
TR 
TR 
TR 
2x PR 
PR 
B 
B 

Results 

Unchanged, moderate deficits 
Improved, mild deficits 
Improved, mild deficits 
t 
Improved, mild deficits 
t 
t 
t 
Unchanged, severe deficits 
Improved, healthy 
t 
t 
Unchanged, moderate deficits 
t 
t 
t 

A.M. Messing et al. 

Survival 
time (months) 

8 
23 
20 
26 
28 
13 
12 
6 

28 
46 
<1 
<1 
33 
<1 
<1 
<1 

Recur. 

R 
R 
R 
RR 
R 
RR 
R 
R 

R 

TR, total resection; PR, partial resection; RA, radiotherapy; C, chemotherapy; B, biopsy; R, 
one recurrence; RR, two recurrences; t. died. 

At the time of diagnosis as many as ten out of 16 tumors involved more than two 
brain regions. 

Five children had combined chemo- and radiotherapy after surgical extirpation 
of the tumor, in two cases total. In one further case combined adjuvant therapy 
followed a stereotactic biopsy. Three of these children suffered from a PNET, two 
of which showed glial differentiation. The remaining three suffered from an 
astrocytoma WHO grade III, an oligodendroglioma WHO grade III, and a second
arily dedifferentiated ependymoma WHO grade III-IV that had been totally extir
pated and diagnosed as WHO grade I-II 7 months previously. In two cases, both 
anaplastic astrocytomas, partial tumor excision was followed by radiotherapy 
(Table 1). One of these children had a recurrence after 5 months during radiother
apy. The tumor in the second developed large areas of necrosis and calcifications 
so that the grading became WHO grade III-IV instead of remaining WHO grade 
III. A 9-year-old boy who was also operated on for an anaplastic astrocytoma was 
treated with chemotherapy during which he suffered a recurrence. In his case grad
ing also changed from WHO grade III to WHO grade III-IV. 

The other patients were operated without further treatment. In three cases the 
extirpation was considered total. Two other children underwent only stereotactic 
biopsy and a palliative shunt operation. 

The mean radiation dosage was 35 Gy, with an additional focal boost of 15 Gy. 
At present children with a malignant brain tumor are treated at the University 

Hospital in Dusseldorf with a GPO (Gesellschaft ffir Ptidiatrische Onkologie) che
motherapy scheme consisting of four elements. Recurrences after a course of che
motherapy are treated with a combination of carboplatinum and VP 16 [6]. 
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Results (Table 2) 

The follow-up ranged from 3 days up to 46 months. The longest surviving patients 
were a child with a plexus papilloma WHO grade III, who is still alive after 33 
months, and two children who have both survived for 28 months so far, one with an 
oligodendroglioma WHO grade III and one with a PNET of the pineal region. 
These three children show mild, moderate, and severe neurological deficits 
respectively without evidence of a deterioration in comparison with the status on 
admission. 

The longest survival time of 46 months is in the boy with the malignant fibrous 
histiocytoma, there being no signs of a recurrence and the patient in a condition of 
complete health. 

In summary, the following results were found. Nine children died during the pe
riod of observation, having survived for a mean of 6.3 months. Four of them died 
during the immediate postoperative period. Seven of them had suffered from a 
WHO grade IV tumor which in six had involved more than two brain regions. Dur
ing or after therapy the remaining children showed mild deficits in three cases, 
moderate deficits in two, and severe deficits in one. One child is healthy. In the 
surviving children there has been no case of deterioration from the status at admis
sion; four children improved and the rest are unchanged. Seven patients have de
veloped a recurrent tumor and two a second. We defined recurrence as a clear in
crease in tumor size or reappearance of the tumor after total removal during or after 
therapy. Five of these children have been subjected to another operation. 

Four of the six patients who underwent a combination of surgery, or biopsy, 
chemotherapy, and radiotherapy have survived for 23-33 months. Their clinical 
sta'te of health is described as with mild deficits in three cases and severe deficits in 
one. The mean survival time of the children with WHO grade III tumors was 24 
months, and of those with WHO grade IV tumors only 11 months. 

Discussion 

Since the group of patients presented is rather small and the range of histological 
diagnoses is wide, treatment can only be evaluated to a limited extent. It appears 
reasonable, however, to conclude active surgical intervention together with adju
vant chemo- and radiotherapy seems to be the treatment of choice. Comparing the 
results of combined therapy with those of operation alone, prolonged survival and 
improved quality of life are obvious with the combined therapy, as recent clinical 
studies, e.g., that of the Children's Cancer Study Group, have proved [1, 7, 11]. 
Total tumor extirpation if possible is the first requirement [2]. A second surgical 
intervention in the case of recurrence is also meaningful. 

Nevertheless, the results depend on the biological features of the individual tu
mor, which are very difficult to evaluate in childhood [5, 8]. In addition, tumor size 
at the time of diagnosis is of importance. A further point of discussion is whether 
the histological dedifferentiation that was observed in single cases during adjuvant 
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therapy is the consequence of the treatment or merely the natural biological behav
ior of the tumor. 

At present there is no treatment promising long-term success for malignant su
pratentorial brain tumors in childhood. In order to provide the best possible treat
ment neurosurgeons must cooperate with pediatric oncologists, radiotherapists, and 
neuropathologists to provide individualized management that takes account of the 
particular features of the tumor, the course of the disease, the age of the child, and 
the child's tolerance of treatment [3,4,6,9]. 
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Interstitial Irradiation of Supratentorial Cerebral 
Gliomas in Childhood with Permanently 
Implanted Iodine 125: Preliminary Results 

J. Voges, H. Treuer, W. J. Schlegel, O. Pastyr, and V. Stunn1 

Introduction 

Local cure of a cerebral glioma by surgery alone is often precluded by the invasion 
of tumor cells into surrounding macroscopically healthy brain tissue. In patients 
with brainstem gliomas, which account for 10%-25% of all intracranial neoplasms 
in children [5], cerebral areas are involved which are functionally more or less im
possible. 

For patients with unresectable grade I or grade II tumors, irradiation is the only 
possible therapy. However, the risk of radiation damage to normal brain tissue 
limits the dose that can be delivered by external X-ray sources. Moreover, high ra
diation doses delivered to the brain of children has been shown to cause pituitary 
dysfunction and a decrease in intellectual ability [19]. 

To achieve the local control with optimal sparing of the surrounding healthy tis
sue, interstitial irradiation with implanted isotopes has been established during the 
last 30 years [15, 17]. Considering that most gliomas do not metastasize within the 
central nervous system [2] and grow ill a circumscribed area of the brain [9], this 
modality of local treatment is logical. 

The steep dose gradient achieved with interstitial irradiation and the develop
ment of an integrated system of computerized sterotactic operation and irradiation 
planning, guided by computed tomography (CT), allows highly precise local irra
diation of unresectable or partly removable low grade gliomas even in functionally 
important or deep areas of the brain at doses potentially sufficient for tumor de
struction [1, 16, 18]. 

Patients and Methods 

From 1982 through 1987, 61 patients with a cerebral glioma were treated with 
permanent implantation of low-dose-rate seeds of 1251. Twelve of these patients 
were selected out according to the following criteria: 

- The age of the patients at the date of stereotactic surgery had been below 16 
years. 

- The tumors had been inoperably or only partly resectable. 

1 Abteilung filr Stereotaxie und furiktionelle Neurochirurgie, Neurochirurgische Universi
tlitsklinik KtHn, loseph-Stelzmann-Str. 9, W-5000 Koln 41, FRO 
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- The lesions had been sufficiently demarcated in contrast-enhanced CT scans, the 
maximal diameter not exceeding 5 cm. 

- The histopathological diagnosis was established before seed implantation, by 
either stereotactic biopsy or partial microneurosurgical resection. 

After ftxation of a modifted, CT-compatible Riechert-Mundinger stereotaxic 
frame [18] and administration of contrast medium (Solutrast 300/Byk-Gulden
Lomberg, Konstanz, FRG), CT scanning was performed. CT data were transferred 
by magnetic tape into a computer (V AX IlnOO Computer, Digital Equip. Corp., 
USA) and the tumor borders demarcated manually at the computer screen. Deter
mination of target points and the planning of interstitial irradiation treatment were 
carried out with a special computer program described elsewhere [1, 16]. Mea
surement of tumor volume was an option of the program. 

The activities (0.9-26.5 mCi) of the permanently implanted seeds were chosen to 
allow an accumulated dose of 55-100 Gy to the tumor surface (mean 78 Gy), the 
dose rate ranging from 3.0-5.5 cGy/h (mean 3.75 cGy/h; Table 1). The iodine 
sources were implanted under general anesthesia. Immediately before implantation 
and during the ftrst days after the stereotactic operation, dexamethasone was 
administered orally. None of the patients treated with interstitial irradiation 
received systemic or local chemotherapy. 

Three and 9 months after implantation and then at yearly intervals, CT scanning 
with and without contrast medium and neurological examinations were performed. 

Table 1. Characteristics of 12 patients 
tteated with interstitial irradiation 

Age (years) 
range 1-15 
mean 8.8 

Sex (no. of pat.) 
male 7 
female 5 

Sites (no. of pat.) 
cortex 3 
basal ganglia 6 
hypothalamus 3 

Histology (no. of pat.) 
pilocytic astrocytoma 8 
astrocytoma G II 4 

1251 activities (mCi) 
range 0.9-26.5 
mean 10.4 

Implanted volume (cm3) 
range 1.0-63.2 
mean 18.3 
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Results 

From October 1982 through September 1987 12 children (5 girls and 7 boys) with 
a supratentorial cerebral glioma were treated with interstitial irradiation. At the 
time of seed implantation the children ranged in age from 1 to 15 years, with a 
mean age of 8.8 years. Eight had a pilocytic astrocytoma and four an astrocytoma 
grade II (Kemohan classification; Table 1). The tumors were diagnosed histopa
thologically [14] by previously resected material (microsurgical biopsy in five pati
ents) or by stereotactic biopsies taken before 1251 seed implantation. In five patients 
hydrocephalus necessitated the implantation of a CSF shunt system before inter
stitial irradiation began. 

The Kamofsky performance status [13] of all patients was in the range of 
85%-90% (mean 88%). 

cr scanning 3 months postoperatively showed tumor regression in all patients. 
The mean volume reduction was to 72.8% of preoperative tumor volumes. 

One patient with a grade II lesion had a cystic tumor relapse after initial re
sponse. The relapse-free interval of this patient was 36 months. Another patient 
(pilocytic astrocytoma thalamus) had initial tumor shrinkage but died 14 months 
postoperatively. The death was most probably caused by tumor hemorrhage (CT 
examination on admission to hospital; an autopsy was not allowed). All other pati
ents are stable without clinical or radiological signs of tumor regrowth. 

Figure 1 shows the survival curves estimated by the method of Kaplan and Meier 
[12]. Survival was defined as the time span between interstitial irradiation and the 
end of the retrospective analysis (November 1989) or death. With a mean follow-
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Fig. 1. Kaplan-Meier representation of the probability of survival after interstitial irradiation 
with 1251. Twelve patients with a low grade cerebral glioma. Ticks represent censored pa
tients 
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Fig. 2. cr examination of a patient with a pilocytic astrocytoma, left preoperatively and 
right 7 years after interstitial irradiation 

up of 51.5 months, the estimated 4-year survival probablity is 92%. Figure 2 
demonstrates a long-tenn follow-up. 

There was no operative and perioperative morbidity or mortality. Nine to 18 
months (mean 11.2 months) after the implantation procedure the CT scan of five 
patients showed radiation-induced changes around the 1251 seeds (contrast enhance
ment: two patients; edema: one patient; contrast enhancement and edema: two 
patients). In four patients these alterations could be observed 5-7 months after im
plantation and were interpreted as limited radiation necrosis. The CT examination 
of one patient (Pilocytic astrocytoma) revealed a pennanent hypodense lesion in the 
hypothalamus. Two years before 1251 seed implantation this patient had been treat
ed with conventional radiotherapy (55 Gy). 

At the end of the retrospective analysis the Karnofsky perfonnance status had 
increased in four patients and remained stable in six. The Karnofsky score of the 
patient with a radiation-induced lesion in the hypothalamus decreased irreversibly 
(honnone dysregulation, one-sided amaurosis, psychomotor seizures). 

Discussion 

With a mean follow-up time of 51.5 months the estimated survival probability of 
the patients analyzed in this study is 92%. In cases where a conventional treatment 
schedule (cytoreductive surgery and external radiation) was not feasible, local tu-
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mor control was achieved with a mean tumor surface dose of 78 Oy. The survival 
times of our patients are slightly better than those reported by Etou et al., who de
scribed their experiences with interstitial irradiation of gliomas located in the dien
cephalon, basal ganglia, thalamus, and midbrain [4]. Over a lO-year-period their 5-
year survival rate was 22.2% in patients with an astrocytoma grade 1 (n = 36) and 
21.4% in patients with an astrocytoma grade II (n = 14). 

The overall estimated 5-year survival after external beam irradiation as reported 
in the literature ranges from 22.8% to 40% [6,8]. However, three points make di
rect comparison of our results with data from midline tumors in children treated 
with conventional external radiotherapy difficult [3, 6, 8]. First most of the lesions 
evaluated in different studies were not diagnosed histopathologically before treat
ment. Secondly, some of the patients were treated with systemic chemotherapy. 
Thirdly, tumors were located not only supratentorially but also in the midbrain and 
pons. Some authors have defmed tumor location as a significant factor influencing 
survival. A literature overview ranges the estimated 5-year survival probability of 
patients with neoplasms in thalamus and mitbrain between 50% and 73% [8]. 

Both seed implantation and interstitial irradiation were well tolerated in our se
ries (no operative or perioperative mortality or morbidity). As a result of radiation
induced tumor regression the Kamofsky performance status improved in four pa
tients. Side effects occurred in one of our 12 patients, whose Kamofsky index 
decreased by 20% due to localized radiation necrosis. 

The following facts make the interpretation of these favorable results difficult: 
(a) the study is retrospective and lacks a control group, (b) the number of patients 
and the observation periods are small, considering the natural course of low grade 
gliomas, and (c) the patients have relatively high Kamofsky scores. The last point 
could have influenced the results positively. On the other hand, location of the tu
mors in functionally important areas of the brain must be considered negative with 
regard to prognosis. 

Despite the possible bias due to the drawbacks of this study which we have just 
mentioned, our data show the effectivity and benignity of low-dose-rate interstitial 
irradiation in clearly defined low grade gliomas. An indispensable requirement is 
the use of modem stereotactic treatment planning and implantation techniques, 
which enable the administration of any radiation dose to any intracranial target 
volume with the highest precision, thus optimally sparing the surrounding tissue [1, 
16, 18]. The optimal surface dose, dose-rates and duration of interstitial irradiation 
are not yet known. The treatment parameters are chosen on an empirical basis and 
vary between the various centers using this method. 

Considering the estimated cell cycle time of low-grade astrocytomas (30--45 
days) [10], and a mean dose rate of 3.75 cGy/h, delivered by permanently implaint
ed 1251, each tumor cell should have received at least 2700--4050 cGy per cell cycle. 
Results of multiple in vitro and in vivo studies have shown that the critical factor 
for the inhibition of mitosis is the amount of radiation absorbed per cell cycle 
rather than the fixed dose rate per minute. The minimum dose seems to be 
720-990 cGy/cell cycle [7]. With doses as low as 4000-5000 cGy accumulated at 
the tumor surface (100% isodose) after permanent implantation of sources of 1251, a 
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dose rate per cell cycle of 1840-2300 cGy would be achieved. From a theoretical 
point of view, these values should be sufficient for local tumor control and could 
simultaneously lower the incidence of treatment-related side effects. 

Hoshino et al., who labeled S-phase cells of low grade astrocytomas with intra
venously administered bromodeoxyuridine (BUdR) , analyzed the survival times 
after tumor extirpation according to BUdR-labeling indices (BUdR-LIs) [11]. Forty 
percent of the labeled astrocytomas had LIs of 1 % or more, reflecting a higher pro
liferative potential than histologically similar tumors with BUdR-Lis below 1%. 
The estimated survival curves (nonparametric analysis of Kaplan-Meier) demon
strated a significantly higher 3-year survival in patients with low BUdR-LIs than in 
patients whose tumors had higher LIs. With one exception, all patients in the group 
with LIs above 3% developed tumor regrowth or died during follow up. This dem
onstrates that within the same tumor histologically diagnosed as a benign glioma, 
parts with high proliferative potential can exist. In these areas the cell cycle times 
are shorter than estimated for a benign astrocytoma, and a low dose rate of perma
nently implanted 1251 would not be sufficient to achive 100% cell death. 

Therefore even a high number of standardized treated patients and/or ran
domized prospective studies can show the minimum effective dose in relation to 
the different histopathological diagnosis. 
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Radiological Results of Intracavitary Brachytherapy 
of Cystic Craniopharyngioma in Childhood 
and Adolescence 

G. Blaauw 1 and J .R. van den Berge2 

Introduction 

In 43%-74% of cases, craniopharyngiomas are mainly cystic in nature [I, 2, 3]. 
Intracavitary brachytherapy (IB) may be indicated in such cases, because the cyst 
can often be obliterated or its volume effectively reduced by this treatment. In this 
paper we report the radiological results of stereotactic intracavitary irradiation 
using yttrium 90. 

Patients and Methods 

Our patients were 16 children who received 18 injections of yttrium by the stereo
tactic procedure and for whom follow-up data are available. The series is derived 
from a total of 35 patients including adults. 

The age distribution at the time of IB was 4-18 years (Fig. 1). The follow-up pe
riod ranged from 6 to 73 months. Four patients died; in one, death was the result of 
oacterial infection, while in the other three it was directly related to the tumor. In 
all patients, IB was the primary treatment focused on the lesion. 

We aimed at a radiation dose of at least 200 Gy at the inner surface of the cyst 
wall, following Backlund's procedure [4, 5]. Multiple simultaneous yttrium injec
tions were administered to one of the patients with multycystic craniopharyngioma. 
In the second and third multicystic cases, an initially small second cyst left untreat
ed at the time of the first injection increased in size so much that a second injection 
became necessary. This was again successful in both instances, but in one patient 
who eventually died a third cyst developed which was left untreated. Only one 
injection was performed in the fourth and fifth multicystic cases. 

Three-quarters of the cases had solitary cysts (Fig. 2). Cyst volume varied be
tween 1.38 and 180 ml before treatment (Fig. 3), as determined by the computer 
tomography (CT) scanner's standard software for 1.5-mm-thick slices [6]. 
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Fig. 1. Age and sex of patients. There is a 
significant preponderance of male patients 

Fig. 2. Age, monocystic vs. multicystic 
diagnosis, and death. Death occurred mainly in 
patients with multi cystic craniopharyngioma 

Fig. 3. Cyst volume and death. A possible 
relation between volume and prognosis is 
suggested by the deaths of patients with large 
cysts 

CT stereotactic puncture of the cyst and injection of yttrium was performed using 
the fine needle technique, to diminish leakage of the isotope [5]. Biopsies were not 
carried out, but the diagnosis was established by examining the cyst fluid, espe
cially by demonstrating the presence of cholesterol crystals using polarized light 
microscopy. The ophthalmological and endocrinological results after IB in the 
complete series will be published in a separate paper. 

Follow-up cr showed in most cases gradual cyst regression, which commenced 
a few months after the IB procedure. In three patients the cyst resolved completely 
after treatment. In ten patients the cysts decreased in size. Reduction was signifi
cant (more than 50%) in seven of these, while a reduction of less than 50% oc
curred in three cases. In three patients the cyst increased in size; this was treated by 
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repeated aspirations, resulting in a fatal bacterial infection in one patient. In one 
patient the solid tumor component enlarged, requiring external fractionated radio
therapy. 

Discussion 

The results of this study signify that in 80% of cases yttrium injection influenced 
the size of the craniopharyngioma cyst, although the treatment was significantly ef
ficacious in only 60% of the cases. In one patient the solid part of the tumor in
creased in size. 

The prognosis of cystic craniopharyngioma may be volume-related, as three of 
the four patients who had large cysts eventually died (Fig. 3). One patient whose 

Table 1. Published results of intracavitary brachytherapy with different radionuclides in 
children and adultsa 

Authors No. Radionuclide Stabilization Increase Lost to 
and of and no. of or reduction of cyst follow-up 
year patients injections of cyst vol. vol. 

P Au Yt Rh 

Sturmet al. 15 25 15 Patients 
1981 [7] 

Kpbayasbi et al. 8 4 6 10 Cysts 
1981 [8] 

Kodama et al. 16 20 14 Patients 1 Pat. 1 
1981 [9] 

Netzeband et al. 33 33 7 33 Cysts 7 Cysts 
1984 [10] 

Szikla et al. 13 15 13 Patients 
1984 [11] 

Musolino et al. 16 2 1 17 14 Patients 2 
1985 [12] 

Strauss et 18 18 10 Patients 7 
1985 [13] 

Guevara et al. 17 17 12 Patients 4 1 
(1988) [14] 

Iulow et al. 20 25 25 Cysts 
(1988) [15] 

Pollock et al. 9 9 9 Patients 
(1988) [16] 

Backlund et al. 21 28 21 Patients 
1989 (17) 

a Only patients who were followed up were included. 
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cyst volume was less than 10 ml died in connection with uncontrollable epileptic 
seizures. A prognostic correlation probably also exists in multicystic cases, as three 
of the four deaths occurred in this group. We could not detect a relationship with 
age (Fig. 2). 

Some results from the literature are presented in Table 1. A total of 227 isotope 
injections were performed in 186 patients using phosphorus 32, yttrium 90, rhe
nium 186, or gold Au 198. These are the most suitable ~-radiation-emitting iso
topes for this purpose, although both rhenium and gold also emit a considerable 
amount of 'Y-radiation. The rhenium sulfide compound tends to convert to water
soluble perrhenate, whereas the remaining isotopes are stable colloids, resulting in 
less leakage. Yttrium has the shortest half-life. It is, therefore, most frequently re
garded as the most suitable isotope for lB. It is apparent from the literature results 
that IB is generally successful in arresting the progression of the growth of cranio
pharyngioma cysts. In the majority of cases reported significant reduction of the 
cyst volume was achieved, some cysts remained stable, and only a minority enlar
ged. 

Intracavitary brachytherapy is a safe and efficacious treatment which should be 
considered as a primary surgical modality in cases of solitary cystic or multicystic 
craniopharyngiomas. The treatment obviates the need for craniotomy and resection 
in the majority of patients. In our series it resulted in stabilization or reduction of 
cyst size in 80% of cases. 
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Long-Term Results of Combined Surgery 
and Radiotherapy of Pilocytic Astrocytomas 
in the Middle Cranial Fossa 

F. Rauhut1, V. Reinhardt2, H. Wiedemayer, and V. Budach3 

Introduction 

The incidence of pilocytic astrocytomas (WHO astrocytoma grade I) among brain 
tumors amounts to 6.5% [1,2, 11]. In children this type of tumor is the most fre
quent orbital neoplasm [10, 12]. Radical extirpation is not possible because of ex
tension into the optic system and infiltration of the neighboring brain substance, 
especially the hypothalamus. According to the literature, 25% of optic gliomas in
volve one optic nerve, 50% are located in the optic chiasm, and in 25% of ca;es 
there is infiltration of the hypothalamus [4,6]. Where subtotal extirpation has been 
carried out, postoperative radiotherapy can prevent tumor progression [1, 5, 9]. 

Patients and Methods 

Thirty-six patients (27 female, 9 male) with pilocytic astrocytomas of the optic 
nerve or chiasm were studied retrospectively. The mean age was 12 years (range: 
1-17 years). The extent of tumor growth is shown in Fig. 1. In six cases (17%) tu
mors were localized in one optic nerve; in the rest, infiltration of the chiasm had 
occurred. Concurrent infiltration of the hypothalamus was seen in 11 patients 
(31 %). Surgery alone was carried out on 15 patients, but radical extirpation of the 
tumor was possible in only four cases (12% of all cases). By contrast, 21 patients 
received radiotherapy directly after surgery (high voltage therapy, total dose 50 Gy, 
5 fractions of 1.8 Gy per week). Three criteria are of importance for evaluating the 
outcome of therapy: (a) vision, (b) neurological status, (c) endocrinological func
tions. 

1 Neurochirurgische Klinik, Universitatsklinikum Essen, Hufelandstr. 55, W-4300 Essen, 
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Hufelandstr. 55. W-4300 Essen, FRO 

Advances in Neurosurgery, Vol. 19 
W. J. Bock, Ch. Lurnenta, M. Brock, M. Klinger (Eds.) 
© Springer-Verlag Berlin Heidelberg 1991 



164 F. Rauhut et aI. 

Astrocytomas Grade I (WHO) - Localisation 

no. = 6 no. = 6 

no. H = 1 no. H = 3 

no. = 4 no. = 20 

no. H = 1 no. H = 6 
_ N. opticus / Chiasma 

m,:X::! Hypothalamus (H) 

Fig. 1. Localization of pilocytic astrocytomas in 36 patients 

Results 

Preoperatively, vision tests in 14 patients of the surgical group showed various vi
sual defects. After surgery, vision was unchanged in seven cases but was found to 
have improved in four and deteriorated in the rest The neurological and endocri
nological studies showed no change to the preoperative status in seven cases. An 
improvement in neurological and/or endocrinological disturbances was seen in 
three, while the rest showed deterioration or died. 

The follow-up times in the surgical group are shown in Fig. 2. Four children died 
due to further extension with infiltration of the hypothalamus and tumor recurrence 
occurred in a 6-year-old child. 

In the group treated with surgery and radiation, vision tests in 17 patients also 
showed a variety of visual defects before surgical intervention. After treatment, vi
sion improved in five cases, remained unaltered in nine, and deteriorated in three. 
Functionally sigfnificant vision was preserved in 11 patients (78%). 

Neurological and/or endocrinological disturbances found before and after com
bined therapy are illustrated in Fig. 3. Symptoms and signs improved in three 
cases, whereas five patients showed signs of deterioration or died 

The follow-up times after combined surgery and radiotherapy ranged from 3 
months to 15 years (median 5.8 years; Fig. 4). 

No tumor recurrence has yet occurred in the surviving patients. The two infants 
who died suffered from a large tumor involving the hypothalamus. 
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Our treatment results so far do not allow exact evaluation of the efficacy of ra
diotherapy. For this, follow-up times of over 5 years are necessary, because pilocy
tic astrocytomas of the optic nerve grow very slowly. In our group treated with 
combined surgery/radiotherapy, only 14 patients have been under follow-up for 
such long periods. Due to different initial conditions it is not possible to compare 
the two treatment groups. In the group treated with surgery alone, more small tu
mors were found, which after radical extirpation have a 100% chance of recovery. 
Long follow-up times are also known in patients with subtotally extirpated tumors 
[8, 10]. In these cases periodic pattern of tumor growth has been discussed [6]. 

There are many reports in the literature on the efficacy of radiotherapy in the 
treatment of subtotally removed optic nerve gliomas [1]. Follow-up times of up to 
35 years have been reported [3]. Montgomery (1977) and Horwich (1985) reported 
median follow-up times ranging from 6.3 to 8.2 years [5, 9]. In 37% of cases an 
improvement in visual defects was seen, whereas 50% showed cessation of pro
gressive deterioration of visual acuity [2, 5, 9]. These reports agree with our expe
riences. From the radiobiological point of view, few dividing cell clones are found 
in low malignancy pilocytic astrocytomas. The aim of radiotherapy is to kill these 
cell formations. The selection of appropriate irradiation fields can be difficult be
cause tumor inftltration can be more extensive than appears from computed tomog-
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Pig. 3. Neurological and/or endocrinological disturbances before and after combined surgery 
and radiotherapy 

raphy (Cn and magnetic resonance imaging (MRI). To avoid damage to the optic 
nerve, it is important that each single dose does not exceed 1.8 Gy. To date we 
have detected no neuroradiologically (CT, MRI) recognizable shrinkage after ra
diotherapy. 

Prior to irradiation histological diagnosis of tumor status is essential, because CT 
and MRI do not give an exact morphological picture [7]. 

From the literature and our experiences the following treatment rationale appears 
to be the best: 

1. Surgery is the therapy of choice in cases of isolated optic nerve involvement. 
2. After histological diagnosis (biopsy, subtotal tumor removal), radiotherapy 

should be employed: 
(a) where there is chiasm or chiasm and hypothalamus infiltration and (b) where 
there is isolated optic nerve involvement with no tumor free area in the chiasma 
and margin of the optic nerve associated with a mild visual disturbance; (c) 
constitutes only a relative indication for irradiation, depending on the general 
conditions and wish of the patient. 
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Discussion: 
PNET - A Melting-Pot of Unspecified Tumors? 

W. Wechsler1 

As a contribution to the main topic "Supratentorial tumors of childhood," a podium 
discussion on primitive neuroectodermal tumors (PNETs) was organized by the 
Congress Committee. The discussion was chaired by Professor Kleihues 
(Department of Neuropathology, Zurich) with comments by invited speakers Pro
fessor Rorke (Department of Pathology, The Children's Hospital, Philadelphia), 
Professor Janisch (Department of Neuropathology, Charite, East Berlin), Professor 
Schulte (Department of Pediactrics, Hamburg), and Professor Wechsler 
(Department of Neuropathology, Diisseldorf). 

In his introduction the chairman outlined the importance of the concept of prim
itive neuroectodermal tumors, as originated by Rorke in 1984 [4] and presented in 
detail 2 years later [5]. Kleihues expressed the view that many neuropathologists 
are attracted by the possibility of using the diagnosis of PNET. The question is, 
should the neuropathologists follow the original concept of Rorke, or should the 
diagnosis of PNET be reserved for special primary neuroepithelial tumors of the 
central nervous system. At the present time we cannot answer this question preci
sely. Nevertheless, it is necessary to outline the concept of PNETs for clinicians 
from the neuropathological point of view. 

The WHO Brain Tumor Classification of 1979 [6] is now widely used in many 
countries of the world and fairly well accepted in Europe. This classification in
cluded PNET neither as a diagnosis nor as a concept. Under the guidance of Profes
sor Ziilch (Cologne, FRG) and Professor Rubinstein (Charlottesville, USA) a 
WHO-sponsored symposium in Houston in 1988 discussed modem trends in neu
ro-oncology and the question whether or not a revision of the 1979 WHO Classifi
cation is justified. Among the topics of this conference was the question whether or 
not PNET should be incorporated as a special entity. The proceedings of this meet
ing have been published by Fields [1] and it was agreed to organize another confer
ence 2 years later. Kleihues took the initiative and in collaboration with Burger 
(Duke University, Durham, USA) and Scheithauer (Mayo Clinic, USA) organized 
a "WHO Meeting on Histological Typing of Tumors of the Central Nervous Sys
tem" in Zurich, March 27-31, 1990, in which a group of 25 experts agreed upon 
the revision of the WHO Classification of 1979. 

1 Abteilung Neuropathologie, Medizinische Einrichtungen der Heinrich-Heine-Universitat, 
Moorenstr. 5, W-4000 DUsseldorf, FRG 
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As far as PNETs were concerned, the Zurich group wanted to introduce this 
name in the first revision of the WHO Classification, which will be published by 
the end of 1990. The following scheme was proposed: 

Classification proposal for embryonal tumors of neuroepithelial tissue: 

1. Medulloepithelioma 
2. Neuroblastoma 

Variant: ganglioneuroblastoma 
3. Ependymoblastoma 
4. Retinoblastoma 
5. Primitive neuroectodermal tumors (PNETs) 

with multipotent differentiation: neuronal, astrocytic ependymal, muscle, mela
notic, etc. 
a. Medulloblastoma 

Variants: desmoplastic medulloblastoma, medullomyoblastoma, melanocytic 
medulloblastoma 

b. Cerebral or spinal PNETs 

Rorke presented an excellent review of the history and present state of the study 
of PNETs. Modern immunohistochemistry has made it possible to study a great 
number of differentiation antigens in this group of tumors, which reveals that these 
tumors present a complex and variable intermediate filament pattern and express 
various neuroendocrine differentiation markers, "suggesting that central nervous 
system PNETs comprise a distinct, albeit heterogeneous group of neoplasms" [2, 
3]. Contributions by Janisch, Schulte, and Wechsler added details concerning the 
histopathology, the question of tumor grading, the application of modern neuro
pathological techniques for the evaluation of uni-, bi- or multipotent differentiation 
patterns, the determination of the proliferative potential with proliferation-associat
ed antigens such as Ki-67, and the variable patterns of receptor expression for a 
number of growth factors, e.g., epidermal growth factor or nerve growth factor. As 
far as age and location are concerned, PNETs in supratentorial locations do occur 
during childhood and adolescence, but also in adult patients of both sexes. 

While Rorke includes medulloblastoma of the cerebellum in the PNET category, 
the tendency favored by Kleihues, Janisch, and Wechsler is to continue to use the 
name medulloblastoma for the cerebellar tumors and apply the PNET diagnosis 
preferentially to tumors of his histo- and cytopathological type in other cerebral 
and spinal CNS locations. As far as tumor grading is concerned, the majority of su
pratentorial PNETs can be considered as grade III or grade IV neoplasms. 

In summary, all participants in this podium discussion agreed that the PNET 
discussion must be continued from the molecular, neuropathological, and clinical 
point of view. 
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Prognosis of Supratentorial Gliomas in Children 

J. Pospiech, R. Kalff, W. Kocks, and W. Grote1 

Introduction 

Comparing brain tumors of children and adults, a few distinguishing clinical fea
tures can be found: 

1. Epileptic seizures are the initial symptom in 20%-30% of brain tumors in adults, 
whereas in children nonspecific symptoms such as headache, vomiting, and leth
argy predominate [1]. 

2. Especially during the 1st decade of life, brain tumors are frequently located in 
the posterior fossa. Later on most neoplasms occur in the cerebral hemispheres. 

3. Postoperative radiotherapy, which is generally acceptable in adults, can lead to 
cognitive and emotional impairment in children [2, 6]. 

4. The significance of brain tumors in childhood is underlined by their incidence. 
They account for 20% of all malignant neoplasms in children [2]. 

Between 10% and 20% of brain tumors in children are located in the cerebral 
hemispheres [5] and are of special interest because they constitute a small group of 
brain tumors of great histological variability. We wanted to evaluate the usefulness 
of an established tumor grading scheme as a prognostic indicator in clinical rou
tine. 

Patients and Methods 

In this series there were 21 patients with supratentorial gliomas, representing 25% 
of all children with brain tumors treated at our institution since 1971. Patients with 
gliomas of the optic pathways, craniopharyngiomas, tumors of the pineal region, 
and all nonneuroepithelial neoplasms were excluded because they may not share 
the same oncological prognosis and present different surgical problems. 

The patients were under 16 years of age at the time of operation (average 7 years 
10 months, youngest 2 years 1 month, oldest 15 years 10 months). There were 10 
boys and 11 girls. The duration of symptoms varied between some days (in a few 
cases) and a few months (in almost all cases). Headache, vomiting, lethargy, and 
behavioral disturbances were the most frequent symptoms. Nine children were ad
mitted because of epileptic seizures. Neurological examination gave unremarkable 

1 Neurochirurgische Klinik, Universitatsklinikum Essen, Hufelandstr. 55, D-4300 Essen, 
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Table 1. Neurological grading on admission (n = 21) 

Grade Description 

I No neurological deficit 
II Mild neurological deficit 
III Severe neurological deficit 

No. of patients 

9 
6 
6 

J. Pospiech et al. 

results in nine cases; six children had only mild neurological defitics (e.g., papille
dema, sensory disorders, reflex differente; Table 1). There were six midline and 15 
hemispheric tumors. 

Total removal was achieved in six patients, five of them with low grade gliomas. 
Partial removal was carried out in 11 cases (six low grade gliomas, five high grade 
gliomas). Biopsy only was carried out in cases of diffuse tumor growth (four child
ren). Two children suffered from postoperative complications: one bone flap 
osteomyelitis and one CSF fistula. No patient died in the immediate postoperative 
period. 

Histological examination revealed low grade gliomas in 13 (62%) cases and high 
grade gliomas in eight cases (Table 2). Pilocytic and fibrillary astrocytomas con
stituted nearly 50%. 

Patients who had undergone total tumor removal received no further therapy. In 
almost all others surgery was combined with local radiotherapy, depending on 
histology: no adjuvant therapy was given to eight out of 13 patients with low grade 
gliomas, whereas six out of eight children with high grade gliomas received post
operative radiotherapy, three of them in combination with systemic chemotherapy. 

Table 2. Histological diagnoses in 21 patients, us
ing Kemohan's tumor classificationa 

Diagnosis No. 

Gradel Pilocytic astrocytoma 3 
Gangliocytoma 1 

Grade II Astrocytoma 6 
Oligodendroglioma 2 
Ependymoma 1 

Grade II-III Astrocytoma 2 
Oligodendroglioma 1 

Grade III + IV Astrocytoma 1 
Oligodendroglioma 2 
Ependymoma 1 
Anaplastic glioma 1 

a Low grade tumors: grades I and II 
High grade tumors: grades III and IV 
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Results 

Two patients were excluded from further analysis because the follow-up period 
was less than 2 years. Six children (two low grade gliomas, four high grade) died 
due to progressive tumor growth; their mean survival was 8.S months. 

Thirteen patients are still alive, with follow-up period varying between 38 and 
211 months (average 107 months). In three cases of low grade glioma there was a 
tumor recurrence after total removal (average 63 months postoperatively). In all 
cases a second operation was carried out successfully. 

At the end of the follow-up period 12 children showed only mild neurological 
deficit or none. No significant neurological deterioration occurred due to the oper
ation. In relation to extent of surgical tumor removal, all children who underwent 
total removal are without any neurological deficit (mean survival 79 months), 
whereas both children who underwent only biopsy died due to tumor progression 

Table 3. Neurological grades· before and after treatment, related to extent of 
tumor removal (n = 19) 

Total removal Partial removal Biopsy 
Before After No. Before After No. Before After No. 

I I 3 I IT 2 I 
t 1 

IT I 2 IT I 2 
t 1 

III I 1 III IT 2 
III I 
t 2 

• Classification as in Table 1 

Table 4. Neurological grades· before and after treatment, relat
ed to histological diagnosis (n = 19) 

Low grade tumor High grade tumor 
Before After No. Before After No. 

I I 3 I IT 1 
IT 1 t 2 
t 1 

II I 2 IT I 2 
t 1 

III I 1 III t 1 
IT 2 
III 1 
t 1 

a Classification as in Table 1. 

t 2 
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(mean survival 7.5 months; Table 3). In relation to tumor grading, two out of 13 
patients with low grade gliomas and four out of seven children with high grade 
gliomas died (mean survival 9 months and 8 months respectively; Table 4). 

Discussion 

Before comparing our own results with those from the literature we must draw at
tention to the inhomogeneity of our material, especially, as far as histology is con
cerned. It is obvious that, for example, an ependymoma II of the lateral ventricle 
will not have the same oncological prognosis as a temporal astrocytoma II [1]. This 
must always be borne in mind when brain tumors are being categorized only as low 
and high grade. 

Nevertheless, it appears that low grade gliomas do have a far better prognosis 
than high grade tumors. According to the literature, they are often much more ac
cessible to total surgical removal [1]. So extent of tumor removal and histological 
grading are the criteria with the best prognosis value in supratentorial gliomas of 
childhood (1,3,5]. It would appear that, despite the histological variability among 
supratentorial brain tumors in children, grading schemes based mainly on histolog
ical features, such as the classification by Kernohan, remain useful prognostic in
dicators [4]. 

Tumors in the midline have a worse prognosis, since it is frequently impossible 
to remove enough tumor. 

We agree with the literature [3, 5] in failing to find any advantage from post
operative radiotherapy. We therefore recommend that this mode of therapy should 
be employed only in cases of tumor recurrence, in combination with surgery. 

Conclusions 

1. Surgery is the only effective treatment for supratentorial gliomas in children. 
2. A low histological grading and location in the cerebral hemispheres are associat

ed with a generally good prognosis. 
3. Adjuvant therapies such as radiation and chemotherapy seem to be of very little 

value. 
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Proliferative Activity of Pilocytic Astrocytomas: 
Examination Using Monoclonal Antibody Ki-67* 

R. SchrOder and K. Bienl 

Pilocytic astrocytomas occupy an exceptional posluon among the tumors of 
astrocytic differentiation because of the characteristically very low age of patients 
and the predilection of the tumors for the midline and infratentorial regions. As a 
rule these tumors grow very slowly and patients have a relatively good prognosis 
[1,5, 7]. The question then arises whether this slow growth in comparison to other 
glioma types can be quantified in biopsy material, and whether it will be possible to 
define subtypes ofpilocytic astrocytoma on this basis. 

In this type of tumor mitoses are so extremely rare in histological sections, or 
sometimes completely absent, that determining a mitotic index is impossible. 
Compared to other more complicated methods for labeling DNA synthesizing cells 
today, it is simple to measure the part of proliferating cells within the total tumor 
cell population, the growth fraction, by immunohistochemistry using the mono
clonal antibody Ki-67 on frozen sections. 

We used this technique to examine 21 pilocytic astrocytomas of various locati
ons. The age of the patients varied from 9 months to 57 years; 15 were male and 6 
female. The labeling index, i.e., the growth fraction, was determined in regions of 
frequently labeled cells. 

Table 1. Percentage of Ki-67-positive cells in pi
locytic astrocytomas 

Authors % n 

Burger et al. [3] 0.6-1.4 3 
Oiangasparo et aI [6] 1 1 
Shibata and Burger [12] 0.4-1.4 5 
Boker and Stark [2] 1 1 
Kleihues et aI. [12] 0.3-1.6 13 

(X= 0.9) 
Zuber et aI. [13] 0.1 4 
Deckert et al. [4] 0-< 1 4 
Personal data 0.001-7.5 21 

(X = 0.6) 

* Supported by the Verein der Freunde und Forderer der Universitat Koin 
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Table 2. Percentage of Ki-67 -positive cells in different gliomas 

Median Range n 

Glioblastomas 13.9 5.8 -39.5 32 
Astrocytomas ill 9.7 4.0 -15.5 20 
Astrocytomas II 4.8 2.4 - 9.0 16 
Pilocytic astrocytomas 0.16 0.001- 7.5 21 

Our results in this fairly larger number of cases agree very well with those of 
other authors (fable 1). The mean growth fraction was lower than 1 %. The median 
values of such measurements are generally somewhat lower because of skewed 
distribution. 

Table 2 compares our data with those for grade II and grade III astrocytomas and 
glioblastomas [11]. In the latter two types of tumor, the values of neighboring 
grades of malignancy differ by a factor of two at the most. Against that, pilocytic 
astrocytomas have a 40-fold smaller growth fraction than grade II astrocytomas. 

Furthermore the extraordinary wide variation between the individual values is 
remarkable, as shown in Fig. 1. It should be noted that the abscissa is logarithmic 
in this graph, which leads to symmetrical distributions of similar width appearing 
for grade II astrocytomas and glioblastomas (grade III astrocytomas have been ex
cluded for the sake of clarity). The range among pilocytic astrocytomas is much 
wider, covering several orders of magnitude, and may include several different 
peaks. 

For this reason, we have divided up our data according to several different vari
ables in order to find any correlations with differing proliferative activity. Statis
tical calculations are based upon the nonparametric Mann-Whitney U test. The re
sults are shown in Table 3. 

% of CQses 

50 

40 

30 

20 

10 

Gbl 

All 

10 

10 % Ki-67 positive cells 

Fig. 1. Distribution of Ki-67 labeling indices over a logarithmic scale in pilocytic astro
cytomas (Apil) compared to grade II astrocytomas (A II) and glioblastomas (Gbl) 
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Table 3. Percent Ki-67-positive cells in relation to patient age, 
location, and histopathologic characteristics 

Median Range n 

Patients age 
~ 16 years 0.24 0.001-1.9 11 

n. s 
> 16 years 0.14 0.007-7.5 7 

Optic nerve 1.9 0.3-7.5 3 
p < 0.05 

Other 0.11 0.001-1.3 18 

Supratentorial 0.01 0.001-0.52 9 
(without optic nerve) n. s. 
Infratentorial 0.16 0.003-1.3 9 

Juvenile type 0.02 0.001-1.3 12 
n. s. 

Adult type 0.15 0.01-0.31 6 

R. SchrOder and K. Bien 

There is no demonstrable difference in the growth fraction of pilocytic astrocy
tomas in infancy and in adulthood. Regarding location, three optic gliomas are con
spicuous for significantly elevated labeling indices, possibly indicating the exist
ence of a special variant of pilocytic astrocytoma. To determine this, however, 
additional investigations would be needed. Despite very different medians, no sta
tistically significant difference could be -demonstrated between infra- and supraten
torial tumors. Likewise, histological type - the so-called juvenile and adult type -
apparently makes no difference, and the same can be said of the presence or ab
sence of microcystic degeneration or of calcifications. 

To summarize: the very low growth tendency of pilocytic astrocytomas is ex
plained by their extremely small growth fraction, although other cell kinetic factors 
of course also playa part. The striking variability of the individual measurements is 
an unresolved problem. This has already been observed in in vivo labeling of DNA 
synthesizing cells in this tumor [9]. Optic gliomas, with their somewhat higher 
growth fraction, may form a separate group, but this has still to be confirmed. Par
ticularly in adults, these tumors show a tendency to malignant transformation [8]. 
No other SUbtype has yet been detected among pilocytic astrocytomas in other lo
cations. It is possible that the striking variability of the labeling index is due to in
herent inhomogeneity of proliferation within a given tumor, as is known in cell-rich 
tumors of other kinds [11]. However, because of the paucity of cells and the large 
distances between proliferative clusters, it is difficult to observe this in pilocytic 
astrocytomas. 
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Immunohistochemical Investigations with a 
Monoclonal Anti-Epidermal Growth Factor Receptor 
Antibody in Supratentorial Tumors in Children 

J. Behnke, H. Ludwig, G.A. Luckenbach, B. Rama, and E. Markakis1 

Introduction 

In the search for more specific tumor antigens, epidermal growth factor (EGF) re
ceptor-mediated mechanisms have been found to play an important role in the 
growth of malignancies. The EGF receptor is a transmembrane mitogenic glyco
protein of 170 kDa. In addition to increased expression in human cervical, ovarian, 
and vulval carcinomas [1] and human sarcomas [2], expression of EGF receptor 
has been found to be increased in human brain tumors [5]. 

In a previous investigation of more than 200 tumors of adults and children ob
tained after resection in our neurosurgical department (publication in preparation), 
nearly 80% of the glioblastomas and anaplastic astrocytomas tested and more than 
90% of the oligodendrogliomas tested bound the monoclonal antibody (Mab) 425, 
a murine IgG2a which specifically detects EGF receptor [7]. Forty percent of all 
resected tumors, but 50% of supratentorial tumors, bound Mab 425. 

In the present study, supratentorial tumors in children were examined for expres
sion of EGF receptor by means of binding Mab 425. 

Methods 

The study covered tumors of children aged up to 20 years and treated during the 
last 3 years. 

Of the 42 tumors examined, 25 were located supratentorially; one was located 
both supra- and infratentorially. From the clinical point of view, five main locali
zations of supratentorial tumors can be distinguished according to Jacobi and 
Komhuber [4]: 

1. Tumors of the cerebral hemispheres and within the ventricles (n = 10, including 
one tumor with local recurrence, one metastasis of a group IV tumor and one 
tumor of imflammatory origin) 

2. Tumors ofthe basal ganglia and thalamus (n = 1) 
3. Tumors within the third ventricle, anterior visual pathway, and anterior hypo

thalamus (n = 2, including one tumor of inflammatory origin) 
4. Tumors in the pineal region, posterior part of the third ventricle, hypothalamus, 

and quadrigeminal plate (n = 4) 

1 Neurochirurgische Klinik, Universitat Oottingen, Robert-Koch-Str. 40, W-3400 Oottingen, 
FRO 
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5. Extrinsic tumors of the suprasellar region and within the sella (n = 8, including 
one tumor together with a part of it which remained and was operated upon as a 
secondary procedure). 

The tumor material was frozen immediately after resection in isopentane, cooled 
in liquid nitrogen, and then kept at -80T until the tissues were cut into 1O-J.un
thick sections at -20·C on a cryostat. The sections were flxed in 4·C cold acetone 
for 5 min and were kept at -20·C overnight or for up to 5 days. For immunohisto
chemistry with Mab 425 the three-stage avidin-biotin immunoperoxidase method 
was used. 3-Arnino-9-ethylcarbazole was used as chromogen and counterstaining 
was done with Gill's hematoxylin. The slides were mounted in Mowiol. The slides 
were checked for Mab 425-binding cells and the "EGF receptor-positive" 
(Epidermal Growth Factor) tumors defined in this way examined with regard to ul
trastructure, histopathology, and the clinical course of the patient. 

Results 

Tumors which bound Mab 425 to the EGF receptor were found only in group I, 
tumors of the cerebral hemispheres and within the lateral centricle. All tumors in 
groups II, III, IV, and V and the tumor which situated supra- and infratentorially 
were negative for binding of Mab 425. 

In group I, one occipital metastasis of an epithelial tumor and two primitive neu
roectodermal tumors, one with a local recurrence, were positive. In the same group, 
one anaplastic astrocytoma, one inflammatory process, one cavernous angioma, 
one fibrosarcoma, one ganglioglioma, and a bifrontal metastasis of a tumor whose 
primary manifestation was in group IV were negative for expression of EGF re
ceptor as shown by binding of Mab 425. Tumors which express EGF receptor at a 
high rate in adults did not bind Mab 425 in our study; in these cases the disease did 
not take a malignant course clinically. The two primitive neuroectodermal tumors 
appear particularly interesting, because expression of EGF receptor by epithelial 
metastases is not a speciality of tumors in childhood (publication in preparation). 

Not all of the primitive neuroectodermal tumors tested expressed EGF receptor: 
the bifrontal metastasis of an ependymoblastoma of group IV, histopathologically 
estimated as a primitive neuroectodermal tumor, one further primary germinoma of 
group IV together with its local recurrence were negative for binding the EGF re
ceptor antibody. Only the two primary hemispheric neuroectodermal tumors were 
positive for binding Mab 425, as was the local recurrence of one of them. Both pos
itive primitive neuroectodermal tumors took a malignant course. In case 1 of these, 
a 9-year-old girl suffered from a right paraventricular primitive neuroectodermal 
tumor. She had local recurrence 5 months after operation and died 11 months after 
flrst diagnosis. In case 2, a 7-year-old boy had a sudden fit and was admitted with 
the clinical signs of encephalitis. Computed tomography showed a left temporal 
mass without contrast enhancement. With virostatic and antiedema therapy, the 
mass was reduced. Four months later the mass had the appearance of a brain tumor 
on multiple contrast enhancements and subtotal temporal lobe extirpation was 
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performed. Three months later the whole temporal space was again filled by tumor 
masses and the boy was reoperated upon, but died 1 year after the onset of his 
illness. 

The two positive primitive neuroectodermal supratentorial hemispheric tumors 
had similar histopathological and ultrastructural features. They were composed of 
sheets and clumps of small undifferentiated cells with little cytoplasma. Electron 
microscopy showed the tumors to be composed of small undifferentiated cells with 
prominent nuclei and thin rims of cytoplasm containing few mitochondria, occa
sionally a tiny granular endoplasmic reticulum, rare Golgi complexes, and many 
free ribosomes and polysomes. These primitive cells "float" in the cytoplasm, 
containing broad filaments, of cells with processes - astrocytes. Some capillaries 
have a thickened basement membrane and endothelial padding without endothelial 
proliferation. 

Discussion 

Apart from an epithelial metastasis, the only supratentorial tumors of childhood 
which bound Mab 425 were two tumors which arose out of the cerebral hemi
spheres and whose biological behavior was malignant. 

Histological examination and electron microscopy showed these tumors to be 
composed of small undifferentiated cells without significant cytoplasmic differen
tiation or junctional complexes, suggesting that the predominant cell is a primitive, 
undifferentiated neuroectodermal cell of the cerebrum. Other primitive neuroecto
dermal tumors of the pineal region did not express the EGF receptor; neither did 
cerebellar medulloblastomas (publication in preparation). 

Rubinstein [8] has pointed out that specific types of primitive neuroectodermal 
tumors, such as medulloephitheliomas, cerebral neuroblastomas, polar spongioblas
tomas, ependymoblastomas, pineal parenchymal tumors and cerebellar medullo
blastomas, deserve special designations because of their location and histologic ap
pearance. Hart and Early [3] have pointed out that there remains a group of largely 
undifferentiated neoplasms in children which are uncommon, are sometimes mis
taken for metastatic tumors, have a hemispheric location, and whose biological 
behavior is malignant. Unlike these authors, but like Markesbery and Challa [6], 
we saw no mesenchymal tumor component in our two hemispheric primitive 
neuroectodermal tumors but nevertheless we did see EGF receptors as a marker of 
this subgroup of primitive neuroectodermal tumors. 
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Neurosurgical Intensive Care -
An Interdisciplinary Field 

A. Encke1 

Greeting of the General Secretary of the Deutsche Interdisziplinare Vereinigung fUr 
Intensiv- und Notfallmedizin. 

DIVI was founded in June 1977 as a corporative association of medical societies 
and professional associations of those medical specialties closely involved with 
intensive care. Meanwhile DIVI has among its members representatives of the spe
cialties of anesthesiology, surgery including accident, thoracic and cardiovascular 
surgery, neurosurgery, medicine, gynecology and obstetrics, neurology and pedia
trics. 

The foundation intentionally took the form of an interdisciplinary association 
rather than a German society for intensive care medicine to prevent the develop
ment of a separate specialty "intensive care medicine" and a "specialist in intensive 
care medicine". Regulations therefore do not include personal membership or 
exclusively admit scientific societies and professional associations. 

Member societies of DIVI invariably represent the principle that intensive care is 
an integral part of many specialties and in its broad spectrum cannot competently 
be mastered and represented by anyone individual physician. 

Neurosurgery is an excellent example for optimal intensive care, monitoring and 
general therapy with their specific aspects overlap and specialist knowledge and 
experience are of vital importance for the success of therapy. Central nervous sys
tem disorders or injury with their influence on vital functions require competent 
cooperation with the neurosurgeon. Another aspect closely linking neurosurgeons 
to general surgeons is the fact that responsibilities especially in the critical post
operative period cannot be delegated and that the exact intraoperative finding in the 
individual case along with the possible complications there, are only known to the 
individual surgeon. 

On the other hand modem intensive care medicine on which alone our operative 
success is founded is quite unthinkable without the cooperation and activities of 
anesthesiology. This again emphasizes the integral specific and interdisciplinary 
character of surgical intensive care medicine. Last but not least, intensive care 
medicine is a cornerstone of our clinical research. 

During the past 10 years DIVI has succeeded in building up a modem interdisci
plinary intensive care medicine through reliable cooperation. However, we have to 
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accept that this view is not necessarily shared by other countries. A number of 
neighboring countries aim at an "independent intensive care physician" who is to 
guarantee agreement, continuity and competence. To follow our own concept, we 
are therefore obliged to be particularly dedicated to high demands in clinical inten
sive care medicine and related scientific research. Intensive care medicine is quite 
unsuitable as a mere battlefield. 

An obvious measure of the constructive work done on the part of DIVI is the 
number of publications on problems of organizational problems of critical care me
dicine. Special sections were founded to look after a variety of topics. The section 
on rescue medicine, founded in 1980, has sent out important impulses concerning 
problems of emergency medicine and rescue. In addition, in 1988, the section on 
disaster medicine was founded. 

In recent years DIVI has established principles for hospital hygiene, as well as 
spatial and technical equipment standards for intensive care units. A special aim 
has been to adjust the highly inadequate staffmg figures produced by the Deutsche 
Krankenhausgesellschaft (German Hospital Society) for intensive care units, espe
cially for the nursing staff, to modem developments of critical care medicine. Of 
the problems in this field you will be very well aware but, unfortunately neither the 
general public nor politicians involved. Following years of fruitless discussions be
tween representatives of the hospitals and national sociel insurance companies the 
Bundesminister ftiT Arbeit und Soziales (Federal Department of Work and Social 
Mfairs) will have to lay down new figures as a statutory order for 1st July, 1980. 

Based on their own investigations in analogy to the injury severity score (TISS 
scale) DIVI has produced their own figures now accepted by the German Hospital 
Society (Deutsche Krankenhausgesellschaft). 

Here as well as in other areas special credit goes to Professors Bock, Karimi and 
Lorenz for their dedicated cooperation. 

These activities emphasize another aspect of DIVI, which is the representation of 
common efforts, and principles in the field of health politics. Next to improving the 
cooperation between various scientific societies there is increasing importance in 
the representation of common interest of intensive care and emergency medicine 
confronting authorities, medical professional societies and other groups. The dedi
cated activities of the Deutsche Gesellschaft ftiT Neurochirurgie in this area are 
greatly appreciated. 



Neurosurgical Intensive Care: General Considerations 

W.J. Bock, J. Piek, and C. Sprickl 

It is 19 years since we last looked at the topic of neurosurgery on the occasion of an 
annual meeting, that time also in Dusseldorf. This local coincidence is by no means 
accidental, because in the early 1960s neurosurgical intensive care was instituted in 
the Dusseldorf University Hospital in a ward specially equipped for this purpose by 
Hans Kuhlendahl. The controversy as to whose responsibility it is has never ended, 
with expert advice from both neurosurgeon and anesthesist being required. 

I therefore consider it a successful development to see the specialties participat
ing in intensive care meet in the German Interdisciplinary Association of Intensive 
Care and Emergency Medicine (DIVI), whose General Secretary I welcome on this 
occasion. All those sent by their societies to be active in this association will rap
idly find out that cooperation rather than controversy is the only option. Thus, as 
early as 1970 the German Societies of Anesthesiology and Neurosurgery decided 
that neurosurgical intensive care was to be supervised by a neurosurgeon with spe
cialist advice from an anesthesiologist. Multidisciplinary intensive care wards, 
however, were to be supervised by an anesthesiologist, with the neurosurgeon re
sponsible for specific neurosurgical care. Everything depends on a high degree of 
cooperation of both specialties to achieve a satisfactory result for the patient. 

Looking at a course of treatment in general, you will quickly see that intensive 
care is at one extreme and, for example, rehabilitation at the other, but all treatment 
modalities merge into one another, so that separatist activities on behalf of one 
specialty appear to me to be disadvantageous. 

What, then, are the main tasks of a neurosurgical intensive care ward? 

1. Postoperative care of patients following elective surgery of the brain and upper 
cervical cord 

2. Care of patients with spontaneous intracranial hemorrhage requiring either con
servative or operative treatment 

3. Care of head-injured patients and those with traumatic spinal lesions 
4. Emergency care of patients with other forms of impaired consciousness, e.g., 

those in metabolic coma requiring further investigation 

Looking at patients in Dusseldorf over the last 3 years (1987-1989), postopera
tive cases have increased from 42.6% to 45.8% to 49.0%. The percentage of head 
injuries has decreased from 26.6% in 1987 and 26.3% in 1988 to 21.8% in 1989, 
the absolute figures being from 201 to 166. This may be due to a reduction of beds 
caused by the present shortage of nursing staff in all neurosurgical intensive care 
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units in Germany, one consequence of which is inadequate care of patients with se
vere head injuries - a situation likely to deterior further in the future. The percen
tage of cases of spontaneous hemorrhage has remained at 17.2%, whereas that of 
other conditions requiring intensive care has come down from 13.6% to 11.4%. 
These include extensive spinal injuries, of the cervical region in particular, but also 
cardiovascular and pulmonary problems requiring intensive rather than ordinary 
ward care. The total numbers of patients and the length of their stay in intensive 
care have remained stable (Fig. 1). 

Postoperative or post-traumatic conditions tend to present as one of three major 
patterns of damage, i.e., either with loss of autonomic functions, or with neurologic 
damage, or with excessive activity and psychopathic syndromes. Autonomic symp
toms will disappear in relation to the degree of damage. Neurologic deficits will 
resolve in relation to the site of the lesion. Psychopathic defects have the worst 
prognosis. In the acute phase there will be general autonomic abnormalities such as 
circulatory dysregulation, headache, fatigue, sweating, tachycardia, instability, and 
sleep disorders, Second only to impairment of consciousness, these patterns are the 
most important parameters for neurosurgical intensive care. 

Neurologic deficits include dysphasia, apraxia, agnosia, and motor weakness, 
whereas sensory impairment matters less to the patient. In addition there are distur
bances of coordination and cranial nerve palsies. Which of these symptoms pre
dominate again depends on the site of the lesion. 

Psychopathic lesions may be psychomotor in the form of a transistory syndrome, 
and later the organic psychosyndrome, which may be reversible. In addition, there 
are impairment of memory and affective changes compared to the situation before 
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trauma or surgery. Frequently there is an impairment of critical judgement Some 
of these are late sequelae which may establish themselves only after termination of 
therapy, i.e., after rehabilitation. If we want to keep the incidence of these late se
quelae down in our patients, we have to insist that acute and, especially, intensive 
care must be oriented towards tater rehabilitation. For this reason, in the early 
1980s integration of acute care and early rehabilitation was suggested. Today we 
can be proud to show that these efforts have been successful, and that the persistent 
vegetative state has become a rarity thanks to intensive neurosurgical care and 
early rehabilitation beginning in the intensive care ward. It must, however, not be 
concealed that the results of intensive care and tater rehabilitation procedures de
pend on age, in head injuries on the severity of trauma, on accompanying diseases, 
and on biological age, but above all the quality of acute care. Jennett [1-3] subdi
vided Glasgow results into "poor" and "good" outcome categories. "Poor" out
comes are death, the persistent vegetative state, and severe disability. "Good" out
comes are no or minor disability and moderate disability. The neurosurgeon may 
not withdraw from this task of early rehabilitation beginning in the intensive care 
unit and confine himself to operative procedures. 

With the considerable expense in terms of equipment, staff, and financial re
sources, I have to face the question of whether measuring the efficacy of this thera
py in these complex patients is at all feasible. One way is to look at mortality and 
to analyze this over the years with changes of management. We have analyzed our 
data for mortality in intensive care over the years 1982-1989 and found a reduction 
of almost half from 22.3% to 14.6% (Fig. 2). The slight increase in 1987 has not 
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yet been analyzed and accounted for. Subdividing these figures by diagnosis, we 
fiiid a reduction of mortality in all groups (Fig. 3). Thus, spontaneous intracranial 
hemorrhages were the major group in 1982 with a mortality of 52%; fortunately, a 
reduction to less than 32% has been possible in these 8 years. A similar reduction is 
seen elsewhere, with a drop to 4% in elective surgery, 24% head injuries, and from 
34% to 11 % in other conditions. 

The high proportion of intracranial hematomas may be specific to Dusseldorf, 
because here the neurosurgical department alone is responsible for treatment, ex
cept in less severe cases which may be looked after in neurological or medical 
wards. 

Looking at causes of death, cerebral causes outnumber extracerebral causes 
(Fig. 4). This plain statement is necessary because straightforward surgical compli
cations both in the early and late periods and dysfunction of other organ systems 
dominate in general surgical intensive care wards. Central dysregulation due to 
raised intracranial pressure or postoperative hematomas are frequent causes of 
death in the early phase. Safe treatment requires special monitoring, which belongs 
to neurosurgery. In addition to clinical monitoring, this includes computed tomo
graphy, EEG, monitoring of evoked potentials, and intracranial pressure (ICP) 
monitoring, and also ICP therapy and neurosurgical operative procedures. 

I should like to dwell for a moment on some necessities of treatment with orga
nizational consequences. The majority of patients in neurosurgical intensive care 
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units are emergency admissions, in Dusseldorf they constitute 48.6%. Most of 
these patients are admitted outside of normal working hours. To safeguard admis
sion of these patients into the intensive care unit - running at almost 100% capacity 
in" Dusseldorf - other patients have to be prematurely transferred to the general 
wards or to intensive care units in other hospitals. The decision for transferral un
der these circumstances can only be made by the neurosurgeon as the doctor in 
charge. He or she is the only person to decide which patients may safely be trans
ferred and to recommend further treatment. This again illustrates that a neurosur
geon is required to be the doctor in charge of such patients. These emergency 
admissions into intensive care therefore have far-reaching consequences for the 
organization of the whole department, theatre, radiology, and also the ordinary 
neurosurgical wards. 

To conclude: neurosurgical treatment is impossible without competent neurosur
gical intensive care, i.e., specialist diagnostic and therapeutic advice by the neuro
surgeon in critical care. In addition, neurosurgical intensive care is only a part of 
the overall treatment. For this reason, instruction in neurosurgical intensive care 
within the context of specialist training is necessary, as laid down in the specialist 
training scheme. 
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Prognostic Value of Motor Evoked Potentials 
in Traumatic and Nontraumatic Coma 

V. Rohde and J. Zentner! 

Introduction 

With the recently introduced method of transcranial electrical and magnetoelectric 
stimulation of the motor cortex and recording of the electromyographic (EMG) re
sponse (motor evoked potential, MEP), noninvasive assessment of the descending 
pathways has become possible for the first time [1,4]. Up to the present, however, 
no data have been available on the prognostic value of MEP in patients in severe 
traumatic or nontraumatic coma. Therefore, in this study MEP were elicited by 
electrical and magnetoelectric stimulation in 201 comatose patients. Our aim was 
to test the prognostic value of MEP and to compare the recordings obtained by 
electrical and by magnetoelectric stimulations. 

Patients and Methods 

A total of 201 patients (131 male, 70 female) aged between 3 and 89 years (average 
age 32 years) were studied. All patients were comatose with a Glasgow Coma 
Score ranging between 3 and 8 [5]. They were intubated and artificially respirated. 
Most were receiving midazolam and fentanyl. In 132 patients coma had been 
caused by a severe head injury and in 69 by either subarachnoid or intracerebral 
hemorrhage or by cerebral ischemia and hypoxia. MEP were elicited by electrical 
stimulation in all patients, and in 26 additionally by magnetoelectric excitation of 
the motor cortex. Stimulation of the lower cervical spine was performed in every 
case using the electrical technique. MEP recordings were performed on the Ist-3rd 
day of coma. In 34 patients serial recordings were done at 2- to 5-day intervals, but 
for prediction of outcome only the results of the first examination, between day 1 
and day 3 after onset of coma, were used. The outcome was evaluated according to 
the Glasgow Outcome Scale [3], in which a score of 1 means good recovery and a 
score of 5 death. Observation time ranged from 2 months to 4 years. 

Transcranial electrical stimulation of the motor cortex was performed with con
stant-voltage condenser discharges using a Digitimer D 180, which delivers a max
imum output of 750 V with a time constant of 100 J.1S. In each patient stimulation 
of both the motor cortex (transcranially; anode over the motor hand area, cathode 
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Fig. 1. MEP patterns (two recordings superimposed). Type Ia: bilaterally preserved EMG re
sponse following cortical and lower cervical stimulation. Type Ib: bilaterally preserved re
sponse following cortical and cervical stimulation; C,lCT > 6 ms at least one side. Type II: 
unilateral loss of EMG response following cortical stimulation; bilaterally preserved re
sponse following lower cervical stimulation. Type Ill: bilateral loss of EMG response fol
lowing cortical stimulation, bilaterally preserved response following lower cervical stimula
tion. ADM, abductor digiti minimi 
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over the vertex) and subsequently the lower cervical spine (cathode over the inter
vertebral space C6-7 and anode 6 cm from the midline homolateral to the recording 
side) was performed using ECG electrodes 1 cm in diameter. 

Transcranial magnetoelectric stimulation was performed using a Magstim 200 
(Novametrix, 1.5 T). The stimulation coil was placed over the vertex with the cen
ter at Cz• For recordings from the right side the direction of current was clockwise 
and for recordings from the left side it was counterclockwise. 

MEP were recorded from the contralateral hypothenar muscle using EMG elec
trodes (abdomen/tendon fashion). Stimulus strength was gradually increased until a 
clear EMG response was obtained or absence of any response even at maximum 
stimulus strength was documented. The time base was 100 J.ls with a gain ranging 
from 100 J.lV per division. Filter settings were restricted to 20 Hz (low) and 3 Hz 
(high). Central motor conduction time (CMCT) was calculated by subtracting the 
latency of the hypothenar potential obtained by lower cervical stimulation from 
that obtained by. transcranial stimulation. We decided upon acceptable limits for 
CMCT of 5.3 ± 0.6 ms following electrical stimulation (our own normative data) 
and 9.4 ± 1.0 ms in response to magnetoelectric stimulation [2]. Depending on the 
presence or absence of EMG responses and CMCT, potential findings were cate
gorized into four types (Fig. 1). 

Results 

An EMG response from the hypothenar muscle following electrical stimulation of 
the lower cervical spine was obtained in all patients. Depending on the transcranial 
stimulation technique used (electrical vs. magnetoelectric), our findings were as 
described below. 

Electrical Stimulation 

Fourteen of 48 patients (29.2%) with type Ia and 11 of 87 patients (12.6%) of type 
Ib patterns died. The remainder survived with Glasgow Outcome Scores ranging 
from 1 to 4. Of the 31 patients with type II, only 9 (29%) had outcome scores from 
1 to 3, while the others either survived in a vegetative state (25.8%) or died 
(45.2%). All patients with type III patterns died (Fig. 2). Figure 3 shows the MEP 
findings in 2 patients. 

Magnetoelectric Stimulation 

There were approximately equal numbers of favorable and unfavorable outcomes 
in patients with type Ia patterns. Four of 5 patients (80%) with type Ib survived 
with outcome scores of 2 or 3, and 1 patient (20%) died. One patient (20%) with a 
type II pattern survived with an outcome score of 2, while 3 (60%) remained in a 
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Fig. 2. MEP fmdings in response to electrical excitation of the motor cortex and Glasgow 
Outcome Score. Results for 201 patients are shown 

vegetative state, and 1 (20%) died. Seven of the 11 (63.6%) type III patients died, 3 
(27.3%) survived in a vegetative state, and 1 (9.1%) survived with an outcome 
score of 2 (Fig. 4). 

Discussion 

The aim of the present study was to assess the prognostic value of MEP in coma
tose patients by comparing the results of electrical and magnetoelectric stimulation. 
Our results clearly indicate that bilateral presence of both electrically and magneto
electrically evoked potentials with a normal (type Ia) or prolonged (type Ib) CMCT 
has no prognostic value, since approximately as many patients with these patterns 
had a favorable outcome as an unfavorable one. Although the majority of patients 
with unilaterally absent responses (type II) had an unfavorable outcome, there were 
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Fig. 3. MEP fmdings in response to electrical stimulation in two patients, and outcome. One 
patient had normal MEP (type Ia), the other bilaterally absent responses (type 1lI). Both died. 
GCS, Glasgow coma score; GOS, Glasgow Outcome Score; ADM, abductor digiti minimi 
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Fig. 4. MEP types obtained in response to magnetoelectrical stimulation of the motor cortex 
and Glasgow Outcome Score. Results for 26 patients are shown 

several who survived in good condition. Only an absence of MEP (type III) fol
lowing electrical stimulation had high prognostic value, as all patients with this 
pattern type died. However, the same is not true for magnetoelectric stimulation, 
since here some patients with no responses survived. Thus, there is no type of mag
netoelectrically elicited ME? that can be used as a basis for definite prognostic 
conclusions. 

In our opinion, the varying prognostic value of electrically and magnetoelectri
cally evoked potentials in regard to absence of responses is the result of the differ
ent action sites of the two stimulation techniques and the relatively weak impulse 
delivered by the 1.5-T machine as used for magnetoelectric stimulation. 

To conclude, examination of descending pathways by magnetoelectric stimu
lation of the motor cortex cannot be recommended for prognostic evaluation of 
comatose patients. In regard to the electrical technique, absence of responses un
doubtedly indicates an unfavorable outcome. 
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The Temporal Structure of Information Processing 
in Patients Following Diffuse Head Injuries: 
Electrophysiological Studies 

B.M. Reuter, D.B. Linke, and M. Kurthen1 

Introduction 

After cerebral trauma patients often suffer fundamental disturbances in selective 
attention. Consequently, other cognitive processes such as memory, language, 
learning etc. may be impaired as well. What fundamental physiological dysfunc
tions are responsible for these disturbances? There are many indications that 
disorganization of the temporal progression of the physiological processing plays 
an important part. The following disturbances seen in patients suffering head inju
ries support this theory: disturbed estimation of time, slowing of the flicker fusion 
threshold, decreased performance in the Tapping test, impaired order threshold, and 
slowed reaction times [3]. A cerebral rhythmic timer appears to be disturbed. 

Is there an electrophysiological correlate to these cyclic processes of information 
processing? Since the beginning of scientific study of the EEG, the EEG oscilla
tions have been suspected of representing a rhythm of excitability (or a scanning 
mechanism), describing alternating facilitation and inhibition of the afferent and ef
ferent impulses. In a study published in 1987, Reuter and Linke [4] were able to 
show that the EEG ex rhythm cannot be regarded as a rhythm of excitability for 
cognitive processes. The present study therefore deals with the EEG oscillations of 
the 40-Hz range. Focused arousal in man and higher mammals is especially asso
ciated with the occurrence of this particular frequency. During problem solving, 
depending on the nature of the task, the 40-Hz rhythm may also be lateralized [6, 
7]. The 40-Hz rhythm appears in the EEG surface recordings at a low altitude, 
approximately 10 times smaller than the standard EEG. With deep recordings the 
rhythm can be demonstrated as prominent frequency of the power spectrum [2,5]. 

Three questions were to be answered by this study. First, is the 40-Hz rhythm a 
rhythm of excitability for cognitive processes? That is, does the running 40-Hz 
EEG exhibit phases of greater and lesser excitability? Basar et al. [1], for example, 
states that excitability is greatest during the negative 40-Hz phase. It remains to be 
shown whether this in tum affects the latency of the endogenous components of the 
event-related potentials. 

Second, is the excitability of the 40-Hz rhythm disturbed in patients with head 
injuries? Also, does the pathophysiology of the disturbed rhythm of excitability 
allow us to draw any conclusions about the temporal organization of the healthy 
brain? And third, is the 40-Hz rhythm, whose significance for cognitive processes 
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has been demonstrated, in any other way disturbed in patients with cerebral im
pairment? 

Methods 

Twelve right-handed controls and six right-handed patients with a history of diffuse 
head injury were studied using a classical event-related potential (ERP) selective 
attention paradigm. 

Significant neurological deficits were no longer present. Patients showed no 
aphasia or other noticeable grave neuropsychological disturbances, but did suffer 
from impairment of attentiveness. The battery of neuropsychological tests used for 
more detailed examination included the Wechsler Adult Intelligence Scale (W AIS), 
the Benton test and Brickeokamp's attentiveness stress test D2. 

The "omitted click" method was employed to evoke P300. Click sounds were 
given at constant intervals of 1.3 s. Participants were asked to silently count the 
random omissions in the sequence. Besides EEG recording, EOG and EMG of the 
chin and neck muscles were collected as control data. 

The entire session was stored on PM or PCM tapes in order that the 40-Hz phase 
at the beginning of stimuli could be determined retrospectively. For this purpose, 
the EEG obtained during stimulation was filtered digitally, without artificial shift
ings of phase, in the range of the 32- to 48-Hz band. The results were then exami
ned by computer for the phase at the beginning of the stimulus. In other words, re
sponses to single stimuli were selected which exhibited a specific 40-Hz phase at 
tIle beginning of stimulus: positive maximum, negative maximum, positive slope, 
and negative slope. Subsequently, the original event-related potentials were aver
aged for each phase category. 

Using digital filtering, the responses to the frequent clicks, the information pro
cessing-associated peaks NlOO and P200 of the ERP, could be analyzed in regard 
to their latency. 

Results 

The effects of the four selected phase conditions on the latency of the event-related 
potentials were small. When the ERPs from the different phase conditions were su
perimposed, intraindividual deviations in the latency of NlOO and P200 of controls 
were found to be not greater than 8 ms. The grand average of the 12 controls 
showed deviations in latency of only approximately 5 ms. A relationship between 
the individual40-Hz phases and the components of the ERPs could therefore not be 
demonstrated in test subjects without cerebral trauma. In patients with a history of 
diffuse head injury, superposition within the grand average also revealed no signif
icant systematic deviations in relation to the 40-Hz phase. However, measurement 
of the absolute amplitude of the running 40-Hz EEG revealed a significant reduc-
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Fig. 1. Grand average of the P300 wave ("omitted click paradigm''). Patients who had suf
fered head trauma (broken line) showed a clear delay in the latency of P300 as compared 
with the control subjects (solid line) 

tion in amplitude to an average ov 1.45 JJ.V. The comparable value of the healthy 
controls was 4.3 JJ.V (U test, p < 0.05). 

Other ranges of frequency, such as the e and (5 rhythm, deviated slightly but not 
significantly from the control group. 

Finally, in patients with a history of diffuse head injury, a significant deviation 
of 42 ms was found for the latency of P300 in the grand average (U test, p < 0.05, 
Fig. 1). No specific neuropsychological signs were demonstrable with the WAIS 
following the criteria of Wechsler. However, five of the six patients showed signif
icant decreases in performance in the Brickenkamp's D2 attentiveness stress test 
following periods of stress and attentiveness. This may be related to the similarly 
significantly low amplitude of the 40-Hz EEG. 

Discussion 

A rhythm of excitability associated with the phases of the 40-Hz EEG could not be 
determined. Yet, rhythmical events appear to be necessary and possibly have a 
functional significance in the nervous system. Evidence for a correlation between 
focused cognitive arousal and coherent 40-Hz EEG activity can be found. Distur
bances of attentiveness manifest themselves in a reduction of the central rhythms. 
The factor "time required for processing" appears to play an important role, as is 
also indicated by the delay of latency of P300 in patients. Our studies suggest that 
the computer-analyzed EEG scan serve as a simple diagnostic instrument for the 
demonstration of disturbances of attentiveness in patients following head injury. 
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TCD, SEPs and ICP: Comparative Analysis 
in Severe Head Injury 

M. Lorenz, G. Dorfmtiller, W.-P. Sollmann, and M.R. Gaab1 

Introduction 

Several methods are available for the assessment of brain damage and for planning 
of therapeutic strategy after severe head trauma: 

- Clinical examination, which is of limited value in deeply sedated patients 
- Anatomical imaging (computerized tomography), in which there sometimes dis-

crepancies between images and clinical status, and which is only possible at in
tervals 

- Monitoring of physiological parameters: EEG and somatosensory evoked poten
tials (SEP), transcranial Doppler sonography (TCD) to monitor blood flow, and 
continuous recording of intracranial pressure (lCP) 

SEP, TCD, and ICP are influenced by several factors which can be therapeuti
cally varied to a greater or lesser extent (morphological damage, elastance and re
sistance, systemic blood pressures, P02, PC02, hematocrit, drug interactions, etc.). 

Patients and Methods 

Eighty-four patients with a Glasgow Coma Scale (GCS) score of less than 9 were 
examined (brain death investigations excluded). Continuous ICP monitoring was 
carried out in 46. In 22, simultaneous registration of SEP, TCD, and ICP was per
formed. SEPs were recorded after median or ulnar nerve stimulation contralaterally 
over C3,JFz and above the neck (Nicolet CAlOOO or Biologic Traveller). The cen
tral conduction time (CCT) and ratio of amplitudes from cortical and cervical re
sponses were calculated [3]. In TCD, the pulsatile index and systolic, diastolic, and 
mean flow in both middle cerebral arteries were registered (EME/3D Transcranial 
Doppler Scanner, TCD 2-64B). In ICP monitoring, we used the Gaeltec system 
with epidurally applied sensors. 
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Fig. 1. SEP:CCT in relation to Glasgow Coma Scale score (GCS): CCT longer with lower 
GCS score 

Results 

Somatosensory Evoked Potentials 

There was a significant correlation between CCT or amplitude ratio and coma 
grade. CCT increased as clinical condition deteriorated (p < 0.001; Fig. 1). 

In patients fulfilling our inclusion criteria (GCS < 9), there was a higher inci
dence of poor outcome 6 months after injury: Glasgow Outcome Scale (GOS) 
score I: 7 patients, II: 23, III: 21, IV: 2, and V: 28 (follow up too short: 3 patients). 

Fig. 2. SEP: mean CCT (± SEM) of the more (upper trace) and less (lower trace) affected 
hemisphere in relation to Glasgow Outcome Scale score; significant increase in ccr with 
worsening of outcome 
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A GOS scored I was only awarded for a patient working at his former job 6 months 
after trauma. SEPs predicted outcome reliably. CCT and amplitude ratio were in 
high correlation to outcome comparing the outcome groups I and II to IV and V. 
Patients of outcome group III also had a significant increase of the CCT of the 
more affected hemisphere compared to those of outcome groups I and II (Fig. 2). A 
striking difference between the SEP signals of both sides was a predictor of the de
velopment of hemisymptomatic disorders afterwards. Only two patients who 
showed bilateral electrical cortical silence survived, one in a vegetative state, the 
other severely disabled. 

Transcranial Doppler Sonography 

There seemed to be no interrelation between GCS score and blood-flow velocity or 
wave form of the 'FCD signal. The interrelation between flow-velocity and PC02, 

however, is well known and can lead to difficulties in signal interpretation in co
matose and ventilated patients. In one case, a drop in PC02 from 32.6 to 
25.5 mmHg only led to a decrease in ICP from 19 to 9 mmHg, but caused a reduc
tion of systolic/diastolic flow velocity from 242/95 cm/s to 132/60 cm/s. 

We had no evidence of a statistically clear correlation between TCD signals and 
outcome. However, those patients in whom a high systolic/diastolic flow velocity 
ratio coincided with elevated ICP had a poorer outcome. On the other hand, many 
patients with raised ICP did not have a greatly increased pulsatile index or systol
ic/diastolic flow ratio. 

Intracranial Pressure 

The ICP monitoring revealed ICP to be in highly significant correlation to coma 
grade and outcome. 

CCT 9.5 0 
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6.5 
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Fig. 3. SEP:CCT in relation to actual ICP: CCT increases with ICP in high pressure coma 
(p< 0.05). Patients without cortical response not included 
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Fig. 4. TCD:ratio of systolic and diastolic flow velocity in the middle cerebral artery in rela
tion to ICP 

In low pressure coma there was no correlation between SEPs and pressure level. 
In the range above 25 mmHg, however, there was a clear trend for the CCT to 
lengthen as ICP rose (r = 0.438; p< 0.05; Fig. 3). However, we examined one pa
tient who evinced no changes in CCT or amplitude with an ICP ranging from 60 to 
22 mmHg during mannitol treatment of a pressure wave. Obviously this patient 
tolerated the elevated ICP well and showed no systemic pressure response. 

Several single TCD recordings from different patients indicated that there was a 
trend towards increased systolic and decreased diastolic flow velocity as ICP rose. 
The pulsatile index and ratio of systolic/diastolic flow velocity showed variable 
correlation with higher levels of ICP (Fig. 4). These trends became more evident in 
multiple recordings from single patients at different levels of ICP. 

Conclusion 

In the examination of patients following severe head injury, deleterious signs can 
rarely be seen and are commonly indicators for developing brain death: complete 
disappearance of the primary cortical response in SEPs [6, 10]. reverberating in
tracranial blood flow in TCD [4, 9], and, in ICP monitoring, an alignment of in
tracranial and systemic pressure during trans tentorial herniation. Where the clinical 
course is less complicated, changes are incomplete, and if further deterioration sets 
in, efforts have to be made to prevent further substantial brain damage. Thresholds 
for normal values therefore need to be defined in order to help the physician in his 
assessment of the patient's clinical condition and progress. 

SEPs have been shown to correlate well with coma grade and outcome and can 
be recorded even in deeply sedated patients [6, 10]. If the CCT is within the normal 
range or shows rapid normalization of slightly elevated values, a good recovery can 
be expected. However, if CCT remains increased, a poorer outcome is rather likely. 
Bilateral electrical silence is usually a sign of a bad prognosis and is in most cases 
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Fig. 5. SEP: Relation between outcome (OOS) and CCT of the more affected hemisphere 

a predictor of death [10] (Fig. 5). There seems to be a relationship between a drop 
in cerebral perfusion pressure/cerebral blood flow and CCT [2, 5]. However, we 
found no correlation between SEPs and TCD. 

The importance of TCD in severe head injuries remains to be defined. Since 
brain perfusion mainly takes place in the diastole, a marked decrease in flow veloc
ity !;lccompanied by an increase of the pulsatile index and a deformation of flow 
profile may indicate reduced cerebral blood flow and support the indication for ICP 
monitoring [7, 8, 11]. Major differences between the two hemispheres are some
times recorded and suggest a significant metabolic influence. The PC02 should be 
kept constant between two recordings [8,9]. 

The value of ICP monitoring in high-pressure coma is well accepted and needs 
no further comment [1]. In low-pressure coma, however, ICP supplies no informa
tion about the extent of brain damage. In these cases, SEPs correlate better with the 
functionality of the injured brain [6]. No reliable mathematical conclusion could be 
obtained from SEPs or TCD recordings to assess actual ICP; they cannot replace 
ICP monitoring. 
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Parenteral Nutrition in Patients with 
Spontaneous Intracranial Hemorrhages 

J. Piek and W J. Bock1 

Introduction 

The optimum food intake for neurosurgical patients has been a matter of contro
versy for the last 20 years. Nevertheless, since 1975 [10] it has been beyond doubt 
that the energy requirements of most neurosurgical patients rarely exceed 3000 
kcal/day and are comparable to those of other patients under intensive care. How
ever, in most studies in which indirect calorimetry was used to determine the ener
gy consumption of neurosurgical patients, only patients with head injuries were 
studied, or indirect calorimetry was performed only for a short period of time. The 
aim of the present study was (a) to determine the energy requirements of patients 
with spontaneous intracranial hemorrhages by indirect calorimetry and (b) to use 
the values obtained as a basis for parenteral nutrition in such patients. 

Patients and Methods 

Indirect calorimetry was performed in 11 patients (group A) with spontaneous in
tracranial hemorrhages (7 men, 4 women; age 51 ± 13.4 years; coma score 3-6 
points on the Glasgow Coma Scale [8]) during the first 5 days after their admission 
to the intensive care unit. In each patient a daily cycle of 8 h of indirect calorimetry 
was performed, using the MMC Horizon Metabolic Computer (Beckmann Instru
ments Inc., 1630 South State College Boulevard, Anaheim, California 92806, 
USA). Inspired and expired gas concentrations were measured via sample adapters 
in the inspiratory and expiratory limb of the ventilator circuit. Before each measur
ing period O2 calibration was performed and possible leaks ruled out by an artifi
cial test lung. This calorimetric system has been validated by comparison with 
gases and volumes of known composition [3,9]. 

The effects of parenteral nutrition were studied in eight additional patients 
(group B) with either isolated ventricular hemorrhages (n = 6) or hemorrhages of 
the basal ganglia (n = 2). These patients had a median score of 5 points on the 
Glasgow Coma Scale. 

The regimen for parenteral nutrition is shown in Fig. 1. It is to be noted that: 
only water and electrolytes were given on the 1st day; carbohydrates were given as 
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Fig. 1. Nutritional regimen in the study group. AA 12.5%. 12.5% amino acid solution; GLe, 
glucose solution; GLX, glucose-fructose-xylitol solution, ratio 2:1:1 

glucose-fructose-xylitol (2:1:1 ratio) solutions on days 2 and 3 and as pure glucose 
solutions on the following days; amino acids were given at a mean dose of 
1.67 g/kg body weight/day in a commercially available 12.5% solution (Neoamino
mel 12.5%, Boehringer Mannheim GmbH, 6800 Mannheim 31, FRG). 

Treatment in both patients groups included controlled hyperventilation under se
dation (droperidol and fentanyl) during the study period. No patient required os
motherapy of barbiturates for treatment of raised intracranial pressure. Apart from 
implantation of ventricular catheters (six patients from group A, three patients from 
group B), no major surgical procedure was carried out. Steroids with a mean dose 
of 24 mg dexamethasone/day were administered in both groups. 

Results 

Energy Expenditure 

The results of the study are summarized in Table 1. During the whole study period, 
resting energy expenditure remained fairly constant, varying from a minimum of 
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Table 1. Resting energy expenditure in patients with 
spontaneous intracranial hemorrhages 

Day 
1 2 3 4 5 

kcalltr12 per day 

Mean 1013 982 1047 945 1093 
SD 234 193 167 254 239 

% of predicted basal metabolic rate 

Mean 116.2 113.5 121.3 119.4 132.8 
SD 25.0 22.4 23.1 37.6 27.7 
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945 kcaVm2 per day on day 4 to a maximum of 1093 kcaVm2 per day on day 5, 
representing 113.5%-132.8% of the predicted basal metabolic rate (BMR) [2]. 

Parenteral Nutrition 

Numerous standard laboratory tests were performed to measure the efficacy and 
tolerance of total parenteral nutrition in our patients (e.g., red and white blood cell 
count, blood glucose, liver enzymes, blood urea nitrogen, serum creatinine, various 

Table 2. Laboratory test results (body proteins) in the study group 

Day 
0 1 2 3 4 5 6 7 

Total serum protein (65-80 gil) 

Mean 63.38 61.30 58.80 61.45 59.80 59.89 58.46 59.23 
SD 4.22 4.54 5.36 6.88 6.26 5.14 4.62 6.21 

Albumin (35-50 gil) 

Mean 39.15 44.66 41.23 41.04 41.85 38.91 39.86 38.67 
SD 4.53 2.22 4.81 3.01 6.02 6.32 3.23 3.51 

Prealbumin (0.1--0.4 gil) 

Mean 0.354 0.329 0.314 0.296 0.314 0.342 0.291 0.291 
SD 0.049 0.069 0.121 0.067 0.123 0.105 0.112 0.130 

Retinol-binding protein (0.03-0.06 gil) 

Mean 0.063 0.066 0.052 0.051 0.062 0.059 0.051 0.052 
SD 0.026 0;013 0.019 0.017 0.019 0.01"8 0.022 0.032 

Figures in parentheses refer to range of normal values. 
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Fig. 2. Renal nitrogen loss and nitrogen balance (cumulative) in patients with spontaneous 
intracranial hemorrhage 

indices of blood coagulation, blood gas analysis). Apart from a tendency to mild al
kalosis and mild hyperglycemia (with blood glucose levels up to 242 mg/dl), all 
these tests showed normal results. 

In regard to protein and amino acid metabolism, short-lived serum proteins 
(prealbumin and retinol-binding protein) were measured daily as well as total se
rum protein and albumin. Plasma levels of free amino acids were measured on days 
1, 3, 5, and 7. Nitrogen balance was calculated from nitrogen uptake minus renal 
nitrogen loss minus 2 g/day (nitrogen loss via feces and perspiration). All results 
are shown in Table 2. 

For short-lived serum proteins, albumin, and total serum protein, only normal 
values were observed. Free plasma amino acids remained within twice the normal 
range. Renal nitrogen loss increased steadily from -12.35 g/day on day 1 to 
-27.96 g/day on day 4, but remained as high as -25 g/day afterwards (Fig. 2). In 
patients receiving total parenteral nutrition, the cumulative nitrogen balance was 
reduced to -38 g nitrogen at the end of the study period. 



Parenteral Nutrition in Patients with Spontaneous Intracranial Hemorrhages 215 

Discussion 

Before indirect calorimetry became available as a bedside method of measuring in
dividual energy expenditure, neurosurgical patients were thought to have extremely 
high metabolic rates. Patients with severe head injuries especially were believed to 
require up to 6000 kcaVday [1,4]. Although numerous studies have shown that en
ergy requirements of patients with severe head injuries are much lower, to our 
knowledge rarely exceeding 150% of the basal metabolic rate, no comparable study 
has been performed in patients who have suffered spontaneous intracranial hemor
rhages. The present study clearly shows that patients who have had spontaneous 
intracranial hemorrhages have an energy expenditure that is even lower than those 
who have suffered isolated head injury. 

In order to prove the tolerance and the efficacy of such a low-calorie, high-pro
tein nutritional regimen, a subsequent nutritional study was performed in another 
group of patients with spontaneous intracranial hemorrhages. The regimen consis
ted mainly of 1600 nonprotein kcal/day (given only as carbohydrates), together 
with 125 g amino acids/day (= 1.67 g/kg body weight). 

Spontaneous intracranial hemorrhage results in typical hormonal changes caus
ing changes in metabolism usually defined as "postaggression syndrome." In glu
cose metabolism this means low levels of circulating insulin, insulin resistance, and 
hyperglycemia [5,6]. If high doses of glucose are infused during this time, hyper
glycemia may be even more severe, as exogeneous insulin is not able to stimulate 
utilization of glucose [5, 6]. Mild hyperglycemia (maximum blood glucose levels 
up to 240 mg/dl) indicates that the energy intake of our patient group met its energy 
expenditure, avoiding the negative effects of high glucose loads. The normal results 
for most standard laboratory tests indicate that this nutritional regimen was well 
tolerated. 

Catabolism usually results in protein loss and a negative nitrogen balance. Low 
levels of short-lived serum proteins may lead to suppression of imunological sys
tems, increased infection rates, and impairment of wound healing. The pattern of 
free plasma amino acids is usually disturbed. In the present study both short-lived 
serum proteins and total serum protein and plasma albumin levels remained within 
the normal range. The pattern of free plasma amino acids was only slightly dis
turbed. This indicates that administration of amino acids up to 125 g/day was effec
tive in the study group and was able to preserve normal levels of body proteins. 
Although renal nitrogen loss was high, negative nitrogen balance could be reduced 
to-38 g/7 days. 

From the present studies we conclude that: 

- In comatose patients with spontaneous intracranial hemorrhages, resting energy 
expenditure is usually low and rarely exceeds 130% of the predicted basal meta
bolic rate. 

- Total parenteral nutrition with an energy intake that meets the requirements of 
this patient group is safe and ayoids the negative effects [references in 7] of 
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"hyper" nutrition (e.g., hyperglycemia, increased CO2 production, hyperosmolar
ity, fluid and electrolyte imbalance). 

- Under these conditions, administration of high doses of amino acids is well toler
ated, preserves body protein levels, and normalizes negative nitrogen balance. 
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Susceptibility to Infection During 
Continuous Thiopentone Therapy 

J. Nadstawekl, D. Moskopp2, M. Fischer1, M. FOdisch1, and A. Bartsch1 

Introduction 

Several in vitro studies have confirmed an immunosuppressive effect of the barbi
turate thiopentone [3-5, 7]. At present, high-dose thiopentone is given to patients 
with increased intracranial pressure (lCP) after cranial trauma if they show no re
sponse to other therapeutic measures, although no positive effect on outcome has 
been verified. Clinical experience shows that these thiopentone-treated patients are 
especially prone to infections. Furthermore, the few existing prospective studies 
designed to improve outcome in patients with high and therapy-resistant ICP by 
continuous thiopentone treatment suggest a slight but insignificant increase in the 
incidence of pneumonia [2, 9]. The goal of this retrospective study, therefore, was 
to document in vivo immunosuppression by continuous thiopentone treatment 
through biochemical tests and monitoring of clinical condition. 

Patients and Methods 

Fifty-three patients (32 male, 21 female) between 8 and 80 years of age (mean 39.4 
years) with severe cranial trauma underwent continuous thiopentone treatment for 
therapy-resistant raised ICP, receiving 3 mg/kg body weight per hour for an aver
age of 6 ± 3.2 days. The control group consisted of 53 patients (31 male, 22 fe
male) between 7 and 75 years of age (mean 38.7 years), suffering from equally se
vere cranial injury but not receiving thiopentone. Criteria for the inclusion in the 
control group were: (1) cranial trauma matching that of the thiopentone group 
(Glasgow Coma Scale < 7), (2) acute midbrain syndrome on arrival and (3) uncon
ciousness with consecutive ventilatory support for at least 10 days. The following 
were monitored in both groups: body temperature > 38.S'C, white blood cells 
(WBC), lymphocyte count, pathogenic colonization of pharynx, trachea, and urine, 
positive blood cultures, manifestation of sepsis (temperature above 40'C, catechol
amines required, and roentgenological and clinical signs. 

Statistic significance (level set at p < 0.05) was calculated using the Wilcoxon, 
Mann, and Whitney U test. 
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Results 

While pathogenic colonization of the pharynx was found in 26 patients in the con
trol group, the thiopentone group showed a significantly higher incidence, with 
pharyngeal colonization in 46 patients (Table 1). Pathogenic colonization of the 
trachea was nearly identical in both groups, that in the control group being slightly 
higher (Table 1). Urinary cultures gave positive results in a significantly higher 
number of patients of the control group (Table 1). 

However, 43 patients of the thiopentone group, as against 27 patients of the con
trol group, developed temperatures above 38SC (p < 0.05, Fig. 1). Temperature 
above 40'C due to sepsis were observed in 22 patients of the thiopentone group 
compared to 8 patients of the control group (p < 0.05, Fig. 1). Blood cultures from 
12 thiopentone-treated patients gave positive results, against only 3 patients of the 
control group (p < 0.05, Table 1). Lymphopenia was detected more frequently in 
the thiopentone group (20 patients) than in the control group (13 patients; p < 0.05, 
Fig. 2). A raised WBC count was found more often in the thiopentone group, al
though this did not prove significant. Manifest sepsis with consequent changes in 
hemodynamic indices was seen in 26 patients of the thiopentone group, while only 

Table 1. Pathogenic colonization of blood, 
urine, trachea, and pharynx in patients with se
vere head injury treated with and without thio
pentone 

Blood 
Urine 
Trachea 
Pharynx 

Control group 
+/-

3/50* 
15/38* 
42/11 
26/27* 

Control group 

T constant 
26 

Thiopentone 
+/-

12/41* 
4/49* 

37/16 
46/7* 

Thiopentone 

T constant 
10 

Fig. 1. Body temperature in neurotraumatized patients treated with and without thiopentone 
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• 

40 
33 

Fig. 2. Lymphopenia of patients treated with and without thiopentone 
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Fig. 3. Manifestation of hemodynamic changes. pneumonia. sepsis. and renal failure in 
patients treated with and without thiopentone 

16 patients of the control group displayed similar signs (p < 0.05, Fig. 3); thus, 
more thiopentone patients were catecholamine-dependent. The incidence of pneu
monia was 68% in the thiopentone group and 52% in the control group (difference 
not significant). Renal failure was noticed in both groups with no difference in re
lation to whether or not thiopentone had been received. 
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Discussion 

Recent studies using different immunological systems have shown significant in 
vitro immune depression following high doses of the barbiturate thiopentone [3-5, 
7]. Although no definite positive effect of high-dose thiopentone treatment on the 
outcome of severe, therapy-resistant raised ICP has yet been confirmed, and this 
stratagem is the subject of controversy in the literature [1,2,6, 8, 9], it is consider
ed the last resort of treatment for raised ICP. The few existing prospective studies 
of the use of continuous administration of barbiturates to bring down raised ICP 
after cranial trauma report an increase in the incidence of infection. The present 
study was designed to verify these findings and own clinical experience. Although 
it is a retrospective study, our results clearly demonstrate a remarkable increase in 
susceptibility to infection in patients being treated with continuous high-dose thio
pentone over several days for therapy-resistant increased ICP. Thus, we postulate 
that thiopentone too causes in vivo immunosuppression. Owing to this, the patho
genicity of bacterial colonies rises, resulting in a significant increase of septicemia 
in thiopentone-treated patients, although in our study pathogenic colonization of 
the trachea was identical in both groups, and even significantly higher in the con
trol group in regard to urinary cultures. 

Thiopentone treatment of patients with therapy-resistant increased ICP should 
therefore be reconsidered. Isolation of these patients in the intensive care unit, 
aseptic care comparable to that given to immunosuppressed patients, and intensive 
microbiological monitoring should be mandatory, as they contribute to patient 
safety. It would appear logical to extend immunological monitoring beyond the 
parameters studied here. 
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Infection Rate and Bacterial Spectrum in 413 Patients 
of a Neurosurgical Intensive Care Unit: Results 
of a 2-Year Prospective Study 

A. Feldges1, R. Kalffl, E. Rosentha12, and W. Grote1 

Introduction 

The high incidence of unit-acquired infections in general intensive care units 
(ICUs) has reached critical importance in the past years. Advances in both surgery 
and drug treatment and the progress in invasive diagnostics and monitoring have 
also brought a higher risk of infections to the long-term patients of an ICU. Addi
tionally trauma patients and long-stay patients are both groups in which the risk of 
infection with aerobic gram-negative bacteria is particularly well documented and 
is thought to influence mortality [6]. Should antibiotic therapy therefore be initiated 
at the first finding of bacteria? This question especially arises in a neurosurgical 
ICU, when bacteria are isolated from patients weakened by high doses of cortisone 
but as yet without a definite infection. 

Patients and Methods 

Over two years 3772 microbiological samples from 413 patients (238 males and 
175 females) admitted to our neurosurgical ICU were examined. The distribution 
of the different age groups can be seen in Fig. 1. The most common diagnosis was 
severe head injury (36%). Intracranial hemorrhage was diagnosed in 32% and tu
mors in 18%. Three percent of all patients were admitted because of a primary ce
rebral infection, in most cases a cerebral abscess. 

The duration of stay in the ICU reflected the severity of disease or injury. Thirty 
percent of all patients stayed for 15 days or longer, 55% of all patients had to be 
ventilated over 3 days or more, and 34% of all patients did not survive. Microbio
logical samples of gastric aspirate, tracheal aspirate, cerebrospinal fluid (CSF), and 
urine were taken twice a week. Additional samples for aerobic and anaerobic blood 
culture were taken, if body temperature exceeded 38SC. Intravascular catheters 
were always examined microbiologically when removed. If organisms were detect
ed, experienced investigators verified whether a definite infection was present at 
the same time; otherwise bacterial fmdings were interpreted as colonization of a 
particular organ system. 
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Fig. 1. Distribution of the various age groups. Most patients aged 21-30 years were victims 
of head trauma, while the majority of older patients (51-70 years) had suffered intracranial 
hemorrhage 

Alliong-tenn ventilated patients (3 days or more controlled ventilation) received 
systemic antiobiotic prophylaxis consisting of 3 x 150 mg netilmicin and 3 x 2 g 
oxacillin. In the 2nd week of stay 4 x 500 mg amphotericin B was given addition
ally via the gastric tube. Antibiotic treatment was subsequently modified in accor
dance with continuous sensitivity tests. 

Pneumonia was defined by the presence of at least three of the following: 

1. White cell count> 12000/mm3 and temperature spike> 38S 
2. Purulent tracheal secretion 
3. Pulmonary infiltrates visible on X-ray 
4. Increase of 0.15 in inspired O2 fraction to maintain oxygenation 
5. Organisms detected in the tracheal aspirate 

Septicemia was defined by the presence of all the following: 

1. White cell count> 12000/mm3 or < 4000/mm3 starting from nonnal values and 
temperature spike> 38SC 

2. Rise in of blood pressure amplitude to more than 50% of the original value ac
companied by drop in diastolic blood pressure 

3. Organisms detected in blood culture 
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The criteria for urinary infections were: 

1. White cell count> 12000/mm3 and temperature spike> 38Se 
2. More then 5 white cells/mm3 urine 
3. Organisms detected in the urine 

The criteria for meningitis were: 

1. White cell count> 12000/mm3 and temperature spike >38Se 
2. More than 50 white cells/mm3 in the eSF 
3. Organisms detected in the eSF 

Results 

Over the 2 years there were 132 unit-acquired infections among the 413 leU 
patients (32.5%). The most frequent was pneumonia, which occurred in 71 patients 
(17%) and accounted for 52.3% of all infections, followed by 36 cases of septice
mia and 23 of urinary infections. We saw only two cases of meningitis. During the 
1st week gram-positive bacteria predominated in the tracheal aspirate; especially 
Staphylococcus aureus, which was present in up to 11 % of all patients. The general 
prophylactic antibiotic treatment given to long-term-ventilated patients reduced 
most of the Staphylococci. Staphylococci found between the 19th and 24th day in 
up to 5% of all tracheal samples were problematic organisms due to selection, but 
were well controlled by high potency antibiotics in all cases. A multiresistant 

Other 
Organisms 

39"; 

337. 

Fig. 2. Organisms isolated in episodes of pneumonia. Pseudomonas aeruginosa constituted 
one third of all organisms found as the main causative germ in pneumonia. Important bacte
ria subsumed in the group "other organisms" were Escherichia coli (12%), Klebsiella (6%), 
and Streptococcus (6%) 
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gram-positive bacteria didn't occur. Gram-negative bacteria were found in tracheal 
aspirate later. Pseudomonas aeruginosa was isolated in more than 18% of all tra
cheal samples after the 2nd week. Significant amounts of Pseudomonas during the 
first days in intensive care were seen only in patients who had acquired pneumonia 
before admission to the unit. Seventy five percent of cases of pneumonia were 
caused by one specific organism. 

Pseudomonas aeruginosa was the most frequent causative bacteria (33%) 
(Fig. 2). Patients suffering from pneumonia had a significantly longer ICU stay (23 
days, median) and spent longer under ventilation (16 days, median) than the other 
(2 days and 6 days respectively). Mortality in patients with pneumonia and/or sep
ticemia was higher (43%) than in patients without these complications (36%). This 
difference was not statistically significant (CHiZ test), P < 0.05), but suggested that 
pneumonia and septicemia might be contributory factors in a fatal outcome. Neo
plasm or metabolic disturbances like diabetes mellitus did not significantly affect 
the incidence of pneumonia. 

We differentiated between detection of bacteria in association with a definite in
fection and simply finding bacteria without any accompanying infection, called 
colonization. Thirty-seven percent of all Streptococcus findings in tracheal aspirate 
were associated with pneumonia, while only 12% of all Candida findings were. 

Microbiological examination of gastric aspirate included additional investigation 
of pH value. An impressive example of an endogenous infection ascending from 
the gastric reservoir of the respiratory tract was the chronological tracking of Kleb
siella in stomach and lung (Fig. 3). Minimum and maximum findings in gastric 
aspirate preceded the corresponding findings in tracheal secretion by 24-48 hours. 
In 90 cases the bacterial spectrum of the gastric and tracheal aspirate was the same. 
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Fig. 3. Detection of Klebsiella in gastric and tracheal aspirate related to duration of stay. 
During the first 2 weeks the detection rates in the stomach anticipated the corresponding 
findings in the lung by 24-48 h. Later the findings ran parallel to each other 
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In 26% of all cases of pneumonia the same causative organism was found in the 
gastric aspirate a short time before onset of the symptoms of infection. 

The organism most frequently found in the 1085 urine samples was Candida al
bicans. However, a defmite urinary infection was seen in association with only 7% 
of all Candida findings. The other 93% could be interpreted as a result of second
ary colonization of the urinary tract. 

After 1 week Staphylococcus epidermidis was already detected in 18% of all 
blood cultures. Because of forming colonies on catheter surfaces hampering suc
cessful antibiotic therapy Staphyloccus epidermidis remained at this level of 18%. 
This bacteria was found in up to 47% of all cases of septicemia. Despite this high 
rate of detection however, its clinical significance had to be rated lower, as only 
24% of all patients in whom Staphylococcus epidermidis was found developed a 
septicemia. Against this 71 % of all Staphylococcus aureus findings were associated 
with septicemia. 

Most of the 182 CSF samples were taken during the 1st week. Because of the 
relatively short time, external drainage of ventricles was usually performed. In ac
cordance with its affinity for catheters Staphylococcus epidermidis was the most 
usual organism found in drainages in place for any length of time, but caused no 
case of meningitis. 

Dexamethasone at doses of 16 mg or more consistent gastric protection by Hz-
antagonists were given for 80% and 90%, respectively, of the patients' stay in the 
ICU. Despite this impairment of the immune systeme and the possible promotion 
of an ascending endogenous infection, only 17% of all lCU patients suffered from 
pneumonia. An important precondition for this low infection rate was the early in
stitution of antibiotic prophylaxis in all long-term ventilated patients. Highly resis
tailt gram-positive bacteria, which would be expected as a consequence of selec
tion, were not seen with this prophylactic antibiotic regimen. 

Discussion 

To date few prospective studies evaluating infection rate and bacterial spectrum in 
ICUs have been published. Moreover interpretation of the various studies is imped
ed by the diversity of the patient populations. The overfall infection rate in our 
patients (32.5%) agrees with those in other studies. Hartenauer et al. [2] have re
ported 32.8%, Ledingham et al. [5] 39.4%, and Lackner et al. [4] 33%. Differences 
can be seen in the incidence of pneumonia; while we have diagnosed pneumonia in 
17% of our patients, other studies have reported incidences between 42% [3) and 
19% [4]. Further evidence of the diversity of the various studies is the mortality 
rate, which in our ICU was 34%, but in other patients populations has been be
tween 13.2% [2] and 24% [5]. The isolates of organisms in episodes of pneumonia 
in our ICU disclosed a large amount of Pseudomonas aeruginosa (33%), while 
Staphyloccocus aureus (10%) and Escherichia coli (12%) were found less fre
quently. In other series different rates have been reported, with Stapholoccous au
reus the main causative organism in pneumonia (29.5%) followed by Pseudomonas 
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aeruginosa (15.1 %) and Escherichia coli (14,7%). In other series, [1, 3] the inci
dence of pneumonia was significantly reduced by selective decontamination of the 
digestive tract. Gram-negative bacilli in particular have been reduced by this pro
phylaxis. During the last 6 months we have also tried to reduce the incidence of 
Pseudomonas aeruginosa by administering gentamicin via the tracheal tube; a first 
evaluation of this strategy will be possible at the end of 1990. A further aim of this 
prospective study will be to develop a reasonable prophylactic antibiotic regimen 
of all patients under long-term ventilation. 

No serious difficulties with resistance have been encountered in this study. The 
Neurosurgical Department will continue in close collaboration with the Institute of 
Microbiology to register in detail any change in the bacterial spectrum and to avoid 
the selection of any possibly resistant bacteria. 
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Risk During the First Hours After Severe Head Injury 

R.A. Frowein1, U. Stammler1, R. Firschingl, G. Friedmann2, and F. Thun2 

Survivors of Severe Head Injury 

In spite of numerous publications from Gordon, Gothenburg [7], Karimi, Cologne 
[10], Vigouroux, Marseille [15], and many other authors, objective figures for the 
survivors of the first hours after severe head injury are rare and differ widely 
(Fig. 1). In 578 cases of head injury treated in 1984/85 in a large general hospital in 
Ravenna, Servadei et al. [14] reported 3% (19 cases) deaths at the site of accident 
and during transport. Another 3% (17 patients) died in the emergency room, and 7 
out of 542 patients (1.2%) died in hospital later. In Paris, among 1157 neu
rosurgical emergency trauma patients, Charpentier et al. [2] recorded a mortality of 

90 

80 

% 
70 

60 

50 

40 

30 

20 

1 0 

Paris 1983/4 
Ravenna '8415 

Paris 1972 + 

0"""e Bordeaux '85/86 0 

~-~o .-.. -. .... -- ~ 

-.~.~" 
Cologne '82/89 

o ~------~--------~------~~------~------~ 
Accident Site of 

accident 
Site of 

accid.:CPR 
Transport Emerg.Room Neuros.urgery 

Fig. 1. Survivors after head injuries 
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25% in 1972, which they reduced to 12% in 1983/84. Dautheribes et al. [3] in 
Bordeaux had 70% survivors. Hemesniemi et al. [9] in Helsinki reported in 1986 
that out of 223 severely head-injured patients (excluding suicides) 68 patients, i.e. 
30%, died at the site of accident, leaving 70% survivors. Bouillon (1982, personal 
communication), one of the organizers of first aid in Cologne, reported on 130 co
matose head-injured patients at the site of accident. In those who needed cardio
pulmonary resuscitation, the mortality even reached 90%, like in patients with 
other causes of cardiac arrest [4, 11, 13]. Both Hemesniemi et al. [9] and Bouillon 
found that 10%-20% of initially comatose head-injured patiends died during 
transport, another 17% in the emergency room, and finally of the remaining pa
tients 30% died in spite of neurosurgical treatment. Thus, the Helsinki and Cologne 
centers came to the same dramatic finding: that in cases of severe head injuries re
sulting in coma at the scene of accident, only half of the patients can be treated 
clinically, and that the proportion of final survivors is only 30%. 

Time After Injury of Admittance of Patients with Hematomas 

The formation of extracerebral hematomas in the first hours after injury is an im
portant problem. Figure 2 shows the cumulative numbers of 363 patients with epi
dural hematomas and 440 patients with subdural hematomas admitted during two 
periods, 1974-1979 and 1980-1988. The numbers of patients per year are corre-
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Fig. 2. Time from injury to admission of patients with traumatic epidural and subdural 
hematomas. Cumulative numbers per year, 1974-1979 and 1980-1988 



230 R.A. Frowein et al. 

lated to the amount of time after injury that patients were admitted and to the diag
nosis, established by angiography or computed tomography (CT). 

About 25 epidural and 30 subdural hematomas were seen per year. The cumula
tive presentation shows that about half of all patients (with either kind of extrace
rebral hematoma) were admitted during the fIrst 2-4 h after injury. This may be 
considered as proof of the high effIciency of the rescue services. The incidence of 
early admission and diagnosis of epidural hematomas has hardly increased, while 
the incidence of acute subdural hematoma decreased in the second period, 
1980-1988, probably because small subdural hematomas accompanying larger ce
rebral contusions are not included here. 

The number of patients admitted with epidural hematomas within the 1st hour 
after injury is very low, zero to 1, whereas of the total number of patients with sub
dural hematomas admitted within 4 h after injury, one-third were admitted in the 
1st hour, counting the larger hematoma in cases with extra- and subdural 
hematoma. The sharpest increase in incidence is clearly seen during the 2nd hour 
after trauma, before and after 1980. 

Mortality in Hematoma Patients 

The mortality in patients with early manifesting hematomas is under discussion in 
the literature [1, 5, 6, 8]. Our patients show a clear difference between the periods 
before and after 1980 (Fig. 3). Large subdural hematomas in the 1st hour after inju
ry were nearly all fatal. The mortality of more than 90% with these has not changed 
much over the years, because early large subdural hematomas accompany early 
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Fig. 3. Epidural and subdural hematomas: mortality 1974-1979 and 1980-1988 
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large underlying cerebral contusions and lacerations which determine the patient's 
further clinical course despite surgery. However, subdural hematomas which de
velop less rapidly and manifest later, up to 3 h after injury, were associated with a 
lower mortality of about 60%. There was a new rise in mortality with subdural 
hematomas diagnosed in the second part of the day of injury in the period up to 
1979; this peak was no longer visible in the 1980-1988 period, probably due to 
more efficient management. 

The mortality with early epidural hematomas is generally low in the very rare 
patients admitted during the 1st hour, but increases up to 40% in the following 
hours. This pattern too was less pronounced after 1980. Diagnosis of epidural 
hematoma after 4 h seems to be often delayed. 

If in the literature, therefore, statistics demonstrate a marked reduction in mortal
ity with epidural and subdural hematomas in the past few years, one must assume 
that this progress relates to the period of about 4-18 h after injury. This period, 
however, relates to only one-third of the hematomas while the high mortality asso
ciated with subdural hematomas seen in the first 3 h has not actually changed. 

Time of Manifestation of Focal Space-Occupying Lesions 

In this attempt to assess improvements in diagnosis and treatment, it was necessary 
to evaluate the incidences, time of manifestation, and degree of risk associated with 
focal space-occupying lesions during the first few hours after injury. 

We analyzed 409 cases of either epidural, subdural, intracerebral hematomas, 
large or enlarged contusions, according to the timing of initial CT. Only three large 
contusions had been seen on the initial CT scan. During the first 3 h acute subdural 
and, to a lesser degree, epidural hematomas predominated, decreasing rapidly in 
number with the interval after injury. From 6 to 12 h after injury onwards, enlarged 
contusions became more frequent or secondary intraventricular hemorrhages oc
curred [12], and these processes continued in the latter part of the 1st and on the 
2nd day. 

Admission and CT Investigation: Time, Incidence, Mortality 

Hematomas and contusions are seen in only one-half of all patients admitted in a 
comatose state; the other half have diffuse lesions. For this reason, we have pre
sented in Fig. 4 the distribution over time (nih) of the admissions of all 978 patients 
received in our hospital between 1980 and 1988 in a comatose state, with initial CT 
investigations are various intervals after injury, compared with just the admissions 
of those with acute epidural, subdural, and intracerebral hematomas. The peak in 
the latter of 126 cases as early as in the 2nd hour after injury is of great signifi
cance for diagnosis and operation. The relative high number of 70 hematomas diag
nosed out of 83 patients admitted 6,to 18 h after injury is due to delayed diagnosis 
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Fig. 4. Risk of death (black line) in the ftrst hours after injury: 978 patients with head inju
ries 1980-1988 distributed over time (n/h) of the admission 

of epidural and subdural hematomas and also to the beginning of the enlargement 
of the contusions and the intracerebral hematomas. 

The actual risk during the 1st hours in represented by the mortality, that is the 
black line, which is derived from the outcome in all patients admitted and investi
gated at the various intervals after trauma. The important point to notice is that 
after a first peak of 52% mortality in the patients admitted in the 1st hour after 
injury, there is a similar peak of 56% mortality due to lesions emerging about 
12-18 h after injury. 

We have quantified as precisely as possible the timing and extent of risk asso
ciated with the manifestation of focal and diffuse posttraumatic lesions during the 
fIrst hours after injury. Awareness of the periods of highest risk should be a guide 
to appropriate diagnostic and therapeutic measures after various intervals following 
trauma. 
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Disturbances of Water-Electrolyte Regulation After 
Surgery of the Hypothalamus and Pituitary Region 

G. Hildebrandt and H.W. Mueller l 

Introduction 

Disorders of water-electrolyte balance frequently complicate the postoperative 
management of neurosurgical patients, mainly after surgery of the hypothalamus 
and the pituitary region [9]. In order to gain insight into the selection of optimal 
treatment, we tried to characterize this postoperative water-electrolyte dysregula
tion in a large patient population using newly available laboratory methods. 

Patients and Methods 

In 151 patients harboring hypothalamo-hypophyseallesions, clinical and neurora
diological (CT/MRI) workups were performed preoperatively and 2-4 and 12 
weeks postoperatively. There were 53% female and 47% male patients. Ages 
ranged from 5 to 81 years. The incidences of the different types of hypothalamo
ILypophyseal lesions and the surgical approaches are shown in Table 1. Blood and 
urine samples were collected before operation, on postoperative days 1-10, and 3 
and 12 months after operation. These were used to determine plasma antidiuretic 
hormone (ADH, normal values: 1.4 ± 0.1 pg/ml), serum aldosterone (8.5 ± 1.2 
ng/dl), plasma atrial natriuretic factor (ANF, 43.7 ± 5.7 pg/ml), serum and urinary 
osmolality (Sosmo' 288 ± 5.4 mosmol/kg, U osmo' 752 ± 206.2 mosmol/kg), sodium 
concentration (SNa+' UNa+), creatinine (Screa' U~ and diuresis. In the early post
operative phase diuresis was assessed hourly for up to 72 h, S06mo once and U 06mo 

twice per day up to the 10th postoperative day. To test the functional reserve of the 
antidiuretic system, osmotic stimulation by a 2-h infusion of hypertonic saline (5%) 
at a rate of 0.06 ml/kg body weight per minute was performed [11]. Patients over 
50 years of age and those with cardiopulmonary risk factors were excluded from 
this test. Criteria for different types of postoperative diabetes insipidus (DI) are 
outlined in Table 2. According to Burrows et al. [1] patients were classified as 
having postoperative "syndrome of inappropriate secretion of ADH" (S IADH) , 
when the following criteria were fulfilled: S 06mo < 277 mosmol/kg, U osmo > S 06mo' 

1 Neurochirurgische Klinik der Iustus-Liebig-Universitlit, Klinikstr. 29, W-6300 Giessen, 
FRG 
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Table 1. Incidence of hypothalamo-hypophyseallesions and surgical approach 
in 151 patients 

Diagnosis Number of Surgical Approach 
patients Transcranial Transsphenoidal 

Extra-arachnoid lesions 

Inactive adenomas 52 22 

Active adenomas 33 11 

Meningiomas 17 17 

Teratoma, chordoma, 
dermoid 5 5 

Pituitary hyperplasia 

Intra-Iextra-arachnoid lesions 
Craniopharyngioma 16 16 

Optic/hypothalamic gliomas 13 13 

Inflammatory lesions 4 2 

Total 151 86 

Table 2. Criteria for different types of postoperative diabetes 
insipidus 

Type of 
diabetes 
insipidus 

I 
II 
III 
IV 
V 

Criteria 

Three-phase course" 
Manifestb, transition into latentC form 
Manifest, normalization within 3 months 
Manifest for more than 12 months (permanent) 
Manifest, normalization within 7-10 days 

" Initial polyuria (manifest 01), normo-oliguria on postopera
tive days 3-7, permanent (manifest) 01 subsequently 

b ADH < 1 pg/ml, Uosmo :5 Sosmo' diuresis ~ 5000 m1/24 h, no 
detectable level of ADH during infusion of hypertonic saline 

C ADN < 1 pg/ml, Sosmo < Uosmo = 1 SO, diuresis < 5000 
ml/24 h, at least one detectable level of ADH during infusion 
of hypertonic saline 

30 

32 

1 

2 

65 

235 
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renal fractional Na+ excretion (FEN.+)! > 1.3% [2]. To assess the prolactin (PRL) 
secretory reserve of the residual anterior pituitary lobe, basal (b, 7.6 ± 0.06 ng/ml) 
and maximal (m, 48.8 ± 4.0 ng/ml) PRL levels after intravenous administration of 
400 )..lg thyrotropin releasing hormone (Antepan, Henning) were measured pre- and 
10-14 days postoperatively [3, 8]. Patients with PRL-secretion tumors were 
excluded from the evaluation of PRL. The levels of PRL, aldosterone, and ANF 
were assessed using commercially availably radioimmunoassays (RIA). ADH was 
measured in duplicate by a specific RIA (Incstar, IBL, Hamburg) after extraction of 
plasma with Sep-Pak CIS cartridges [3]. The lowest detectable level of ADH was 
1.0 pg/ml. The results for Sosmo' U osmo and FEN. + were expressed as the mean (M) ± 
standard deviation (SD) and for all other data as M ± standard error of the mean 
(SEM). For statistical evaluation the. Wilcoxon test, the Wilcoxon matched pairs 
signed rank test, and the X2 test for correctness of fit were used. 

Results 

The frequency or absence of postoperative DI and the severity and incidence of 
postoperative DI were determined by the operative approach and extent of tumor 
removal (X2 = 18.9, p = 0.002, 5 d.f; Table 3). Decompression via the transsphe
noidal route (65 procedures) was associated with a lower frequency of the more se
vere types of DI (7 patients), whereas the transcranial approach (86 procedures) 
caused a higher rate (33 patients). The 50 patients with no or only mild DI, as a 
group, had a significant drop in basal and maximal PRL levels compared with pre
operative values (pre-vs. postoperative: PRLb = 14.3- ± 1.5 ng/ml vs. 9.6- ± 1.1 
ng/ml, p < 0.05; PRLm = 31.4 - ± 2.9 ng/ml vs. 24.9 - ± 2.9 ng/ml, p < 0.05). In the 
40 patients with more severe degrees of DI, PRL levels were significantly in
creased (prevs. postoperative: PRLb 0 15.3 - ± 3.1 ng/ml vs. 19.7 -± 3.4 ng/ml, 

Table 3. Frequency and type of diabetes insipidus in relation to surgical 
cranial approach (151 patients) 

Approach and extent Patients Patients with DI type 
of resection with no DI I n III IV V 

Transsphenoidal 
total resection 15 1 1 3 4 5 
subtotal resection 21 1 14 

Transcranial 
total resection 9 3 1 4 10 5 
subtotal resection 16 3 5 4 11 15 

UN.+ X SCrea 
! FEN/ == 100 X 

SN.+ X UCrea 
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Fig. 1.111ustrative case report. The graphs outline the postoperative course of diuresis, serum 
aldosterone, and FEN. + in an 8-year-old child in whom total decompression of a craniopha
ryngioma of the third ventricle was performed via the transcallosal approach. The child re
ceived dDA VP treatment in the immediate postoperative period because of severe polyuria. 
During the (normouric) interphase of a three-phase DI (outlined schematically by the shaded 
area), which was not recognized immediately, dDV AP treatment was continued and caused 
hypotonic hypervolemia, suppression of aldosterone, severe hyponatremia (SN. + = 119 
mmol/l), increased renal fraction Na+excretion, and a grand mal seizure due to brain edema. 
The symptoms were reversed by fluid restriction, intravenous furosemide and interruption of 
dDA VP treatment until DI reappeared; it remained permanent. 

p < 0.05; PRLm 23.9 -± 7.6 ng/ml vs. 38.6 -± 7.9 ng/ml, p < 0.05). Extra
arachnoidal tumor growth was associated with more frequent absence of or pres
ence of only mild postoperative DI, whereas in tumors with partial or complete loss 
of the arachnoid membrane as a plane of cleavage in the area of the infundibulum, 
the ratio was shifted to the more severe degrees of DI (ratio of no DI or types III, or 
V to types I, II, or IV in inactive adenomas 44:6, p < 0.01; in craniopharyngiomas 
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2:14, p < 0.01). Thirteen out of 151 patients fulfilled the laqoratory criteria of 
SIADH, usually during the period from the 2nd to the 10th postoperative day. In 
eight cases hyponatremia, hypo-osmolality, and increased FENa+ were caused by 
something other than an inappropriate increase of endogenous ADH. These patients 
all received treatment with an ADH analog (l-deamino-8-D-arginine vasopressin, 
dDA VP, half-life> 12 h) because of postoperative DI of various degrees (see illus
trative case report, Fig. 1). In this group of patients ANF ranged within normal 
limits (48-62.7 pg/ml), whereas aldosterone had a tendency to decline compared 
with preoperative values. Only in 3% of cases was endogenous ADN inappropri
ately increased (1.4-17.5 pg/ml) in relation to adiminished S""mo. 

Discussion 

According to our results, operative manipulations of tumorous lesions confined to 
the hypothalamus and the pituitary region are more frequently associated with 
neurohypophyseal dysregulation than with disturbances of sodium balance. In ad
dition, the severity and incidence of postoperative DI is increased after a transcra
nial attempt at total removal of a lesion which has no plane of cleavage due to loss 
of the arachnoid. In addition to the neurohypophyseal system operation via the 
transcranial route may affect mainly the tuberoinfundibular dopaminergic system 
or the median eminence-portal venous vessel complex at the supradiaphragmatic 
level through direct or indirect mechanical injury, e.g. distortion of the pituitary 
stalk [3,4]. On the basis of this observation and the fact that transsphenoidal de
compression improves hypothalamic dopaminergic inhibitory control over the PRL 
secretion of the residual anterior pituitary lobe, whereas the transcranial approach 
worsens it [3, 4], the degree of postoperative DI may be predicted by comparison 
of pre- and postoperative basal and maximal PRL levels. This may be done even in 
the very early postoperative period, because stress-induced PRL increases return to 
baseline levels within 24 h after surgery [6]. 

In our series of 151 patients the postoperative frequency of true SIADH was as 
low as that observed by others [7]: 3%. More often it was associated with inappro
priate dDA VP treatment, which caused hypervolemic hyponatremia through sup
pression of the renin-angiotensin-aldosterone system and increased loss of renal 
sodium [10]. This supports the view of Nelson et al. [5] that there is a spectrum of 
abnormalities in the hyponatremic, natriuretic patient from true SIADH to a salt
wasting syndrome. ANF has recently been brought into the context of SIADH [2], 
but this could not be substantiated by our results. 

Conclusion 

For practical purposes we suggest volume replacement as a first step in the manag
ement of postoperative DI, and administration of ADH analogs with shorter half
lives in cases where a severe degree of DI is predicted from PRL measurements 
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(PRL results may be obtained within 120 min using a microenzyme-linked immu
nosorbent assay). In dDA VP-induced hyponatremia the medication must be dis
continued, with fluid restriction and occasionally the intravenous administration of 
furosemide. Administration of mineralocorticoids and/or hypertonic saline is of no 
value. In cases of true SIADH we agree with Reeder and Harbaugh [7] who rec
ommend the intravenous administration of urea, lithium, phenytoin or demeclocy
cline as ADN antagonists. 
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CBF Dynamics During Hyperventilation Therapy 
for Intracranial Hypertension 

J. Meixensbergerl , A. Brawanskil , M. Holzschuhl , I. Danhauser-Leistner2, 

and W. Ullrich l 

Introduction 

Induced hypocapnia is one of the main therapeutic tools in the treatment of in
tracranial hypertension: the reduction of intracranial pressure is added to a decrease 
in cerebral blood volume after vasoconstriction of pial vessels and arterioles [4]. 
On the other hand, the prognosis of head injured patients is certainly affected by 
secondary ischemic brain damage [3]. The present study was therefore undertaken 
to evaluate the hemodynamic effects of hyperventilation therapy after brain injury. 
We were especially interested in the following issues: 

1. What is the course over time of cerebral blood flow (CBF) under conditions of 
induced hypocapnia? 

2. Are there any differences in absolute global CBF values and the corresponding 
CO2 reactivity of CBF? 

3. Is there a risk of inducing a drop in CBF, causing ischemic brain damage? Can 
this risk vary over the course of time after head injury? 

Patients and Methods 

Our series comprises 30 patients, 18 male, 12 female. Their ages ranged from 7-79 
years, with an average of 32.3 years. Twenty-five patients had a closed head injury 
with focal or diffuse brain injury and five had a spontaneous subarachnoid hemor
rhage with or without intracerebral hematoma. On admission all patients had a 
Glasgow Coma Scale score of less than 8. After scanning by computed tomography 
(CD to rule out the presence of a space-occupying hematoma, all patients were 
conservatively treated by sedation and automatic ventilation in our intensive care 
unit. Besides epidural monitoring of intracranial pressure (lCP), serial CT scans 
were performed to evaluate the nature and extent of brain injury over time. 

A mobile unit for bedside measurements (Novo Cerebrograph lOa) with ten de
tectors, five placed over each hemisphere, was utilized for CBF measurements. Re
gional CBF was measured after intravenous administration of 10--15 mCi Xenon 

1 Neurochirurgische Klinik und Poliklinik der Universitiit Wiirzburg, losef-Schneider
Str. 11, W-8700 Wiirzburg, FRO 

2 Anasthesiologisches lnstitut der Universitat Wiirzburg, losef-Schneider-Str. 11, 
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133. Regional CBP was calculated as the initial slope index (lSI) [7] by a bicom
partmental model [5]. At various intervals (days 1-14) we perfonned two CBP 
measurements at different PaC02 levels in order to detennine resting CBP under 
therapeutic conditions and the CO2 reactivity of CBF. We calculated mean global 
CBP and detennined mean global CO2 reactivity as change in CBP per 1 mmHg 
change in PaC02• We assumed an upper nonnal limit for global CBP of 
35 mVlOO g min (lSI) [2, 6] and a nonnallimit for CO2 reactivity of 0.75 mVlOO g 
min per 1 mmHg change in PaC02 [1]. Additionally, we continuously monitored 
arterial blood pressure, detennined arterial PaC02 blood gas content, and measured 
body temperature. Statistical analysis was done using the paired and unpaired Stu
dent's t test. 

Results 

Time Course of Global Resting CBF 

Sixty measurements were taken under resting conditions at a PaC02 of 30.6 ± 
2 mmHg (mean ± SD). The CBP data are given in Pig. 1. We found a reduced CBP 
according to Obrist' classification [6] in 52% of the measurements. In 48% of 
measurements we detected hyperemia. We calculated a global CBP of 43.6 ± 4.6 
mVl00 g min (lSI) in the hyperemia group; the group with reduced CBP had a 
mean CBP of 29.1 ± 4.1 mVI00 g min (IS1). There were no significant differences 
between the two groups for PaC02, mean arterial blood pressure, hemoglobin, 
body temperature, age, and mean ICP. 
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Fig. 1. Global resting CBP after brain injury. Normal range of global CBP 35-69 ml/lOO g 
min (lSI) [2, 6]. Number of measurements = 60 
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Fig. 2. Global CBP CO2 reactivity after brain injury. CBP CO2 reactivity calculated as in
duced change in CBP per 1 mmHg change in PaC02. Normal CBP CO2 reactivity 
> 0.75 ml/l00 g min (lSI) change in CBP per 1 mmHg in PaC02 [1]. Number of measure
ments = 52 

Time Course of CBF C02 Reactivity 

The CO2 reactivity of CBF was calculated 52 times. The mean change in PaC02 
amounted to 6.7 mmHg; data are given in Fig. 2. Generally we detected reduced or 
inverse CBF CO2 reactivity, usually in the first 8 days after injury, but normal ce
rebrovascular reactivity was also found in individual cases during this critical pe
riod of intracranial hypertension. 

Correlation Between Global Resting CBF and CO2 Reactivity 

A total of 42 measurements made under resting and activation conditions were 
included. The correlation coefficient between the absolute global lSI values at rest 
and the values of CBF reactivity to induced change in PaC02 did not reach statisti
cal significance (r = 0.26). We were unable to demonstrate any significant diffe
rence between the hyperemia group and the group with reduced CBF. In the hy
peremia group we found normal CO2 reactivity in 70.6% of cases and reduced re
activity in 29.4%, whereas in the group with reduced CBF 54.5% of cases had re
duced and 45.5% had normal CO2 reactivity (Fig. 3). 

Risk of Inducing Decreased CBF Causing Ischemic Brain Damage 

There is a risk of inducing a decreased CBF with hyperventilation combined with 
intact cerebrovasular CO2 reactivity, which we found in 52% of our cases. Fur
thermore, absolute flow values seemed to be of importance. Table 1 summarizes 
results for patients with intact CO2 reactivity in the hyperemia group and in the 
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Fig. 3. Global resting CBF and CBF CO2 reactivity. Percentage of cases of the hyperemia 
group and group with reduced CBF [1. 2. 6] with reduced and normal CO2 reactivity 

group with reduced CBF under increased hyperventilation to a PaC02 of 
25 mmHg. Only in the group with reduced CBF (25% of our total cases) did we 
find decreased global CBF values. which may be causing ischemia in damaged 
brain. 

Discussion 

The prognosis for severe head injury depends on the primary lesion and on second
ary brain damage [3]; intracranial hypertension during the course of brain edema 
influences cerebral perfusion pressure and finally CBF, causing a risk of secondary 
ischemic brain damage. On the other hand, a reduction of cerebral blood volume by 
hyperventilation is part of the conservative treatment of high ICP. In face of these 
two facts, one may ask whether the hemodynamic effects of hyperventilation in
crease the risk of ischemic brain damage, and how long hyperventilation should be 
maintained. 
Analyzing our data regarding global CBF under induced hypocapnia to about 
30 mmHg PaC02, we rarely found reduced absolute flow values close to the bor
derline of ischemia. However, we had already excluded a group of patients who 
can be at risk of ischemia under such treatment hyperventilation of patients with 
reduced CBF and intact CBF CO2 reactivity can reduce CBF to ischemic levels 
(Table 1). This risk increases if CO2 reactivity is normal during the time after in
jury. We should therefore reflect critically upon the duration and extent of hyper
ventilation therapy given, in order to avoid additional ischemic brain damage. This 
is confirmed by the negative results of a clinical study in which prophylactic hy-
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Table 1. Effect of increased hyperventilation on glob
al CBF in the hyperemia group and the group with 
reduced CBF with normal CO2 reactivity (mean 
values ± SD) 

PaC02 Hyperemia group Group with 
(mmHg) (ml/l00 g min) reducedCBF 

(ml/l00 g min) 

30.2±2.4 42.4 ± 4.7 29.8±4 
25.2±2.4 35.4 ± 4.7 22.8±4 

J. Meixensberger et al. 

perventilation did not improve the outcome of patients [8]. Only carefully balanced 
hyperventilation therapy may possibly be a powerful tool in the treatment of in
tracranial hypertension. 
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THAM in Traumatic Brain Swelling: 
A Comparative Experimental and Clinical Study 

M.R. Gaab, K. Seegers, R.J. Smedema, H.E. Heissler, and C. Goetzl 

Abstract 

The effect of the TRAM on the indices of brain edema after trauma was investigat
ed in animal experiments and clinical studies. In rats under artificial respiration, 
TRAM was infused intravenously and its effects compared to those of equivalent 
doses of sodium bicarbonate and of phenobarbital. Six hours after trauma, brain 
water and sodium contents (wet-dry weight technique) in both traumatized and 
contralateral hemispheres had been best reduced by THAM. Potassium remained at 
almost normal levels with TRAM. 

In 80 patients with traumatic brain swelling, elevated ICP (> 25 mmHg) was al
ternately treated by TRAM (18-36 g/100-200 ml, 1-2 h), mannitol (20%, 
125-250 ml, 20-40 min), or sorbitol (40%, 70-140 ml, 20-40 min). The ICP was 
rapidly reduced by TRAM; the maximum relative falls induced by TRAM, man
nitol, and sorbitol were identical (approx. 33%). The slopes of fall of ICP with 
THAM and mannitol were similar: with sorbitol the slope was steeper. The effect 
of THAM on ICP, however, lasted longer than that of osmotherapy. EEG recovery 
was more pronounced with TRAM, as measured by computer analysis of the EEG. 
Blood plasma investigation (pH, PC02, osmolality, base excess) showed the effect 
of TRAM not to be osmotic. The rise in pH base excess indicates an intracerebral 
buffering mechanism. The encouraging results of TRAM treatment suggest car
rying out a randomized clinical trial with this drug in patients suffering severe head 
injury. 

Introduction 

A reduction of intracerebral pressure (ICP) bei TRAM (also called TRIS buffer, 
tromethamine, trametamol) was ftrst shown in 1962 by Dos et al. [3] in animal ex
periments with hypercapnic intracranial hypertension. In J976, Akioka et al. [1] 
found a drop in ICP, a recovery of EEG activity, and a restoration of cerebro
vascular CO2 reactivity in dogs with intracranial balloon inflation; in six patients 
with brain edema around tumors, a similar decrease in ICP was seen with 0.3 mol 
TRAM injected intravenously [1]. In cats with cold brain lesions we found a rapid 

I Neurochirurgische Klinik, Medizinische Hochschule Hannover, Konstanty-Outschow
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fall in ICP and a recovery in EEG activity which was better than with osmotherapy 
[4,5,9]. In patients with head injury, a reduction of ICP, a rise in cerebral perfu
sion pressure (CPP), and EEG improvement were also found [8,9]. However, fur
ther than in these encouraging pilot studies, TRAM has not yet systematically been 
investigated. We therefore tried to evaluate the possible role for TRAM in treat
ment for head injury by further experimental and prospective clinical studies. 

Materials, Patients, and Methods 

Animal Experiments 

In male SP rats with 250-300 g body weight, a freezing brain injury was induced in 
the right hemisphere by placing a cold copper stamp (5 x 6 mm) on the intact skull 
during anesthesia with 6-7 mg ketamine (Ketanest) intraperitoneally. Trauma was 
standardized using a stereotactic apparatus for identical trauma location and a con
stant freezing temperature of -73°C for 3 min. Animals were randomized for treat
ment with sodium bicarbonate (0.33 mmol/ml), with TRAM (0.66 mmol/ml, equiv
alent buffering capacity [11]), or with phenobarbital (1 mg/ml initially, then 
2 mg/5 ml per 6 h). Normal rats ("controls"), animals without therapy 
(respiration/edema) and with vehicle infusion (infusion mixture, 0.45% NaCL + 
2.5% glucose = respiration/infusion) served as control groups [6,7]. 

Treatment was started by a 1-ml bolus intravenous injection into the tail vein 
5 min after injury followed by intravenous infusion (perfusor) at a constant rate of 
5 ml per 6 h. All animals were respirated (TRAM depresses respiration [11]) with 
70% N20 and 30% O2 (four rats simultaneously respirated with the Brackebusch 
respirator [2]). 

Six hours after injury, the animals were decapitated. Water, sodium, and potas
sium contents of each brain hemisphere were measured (wet-dry weight technique; 
flame photometry [6, 7]. 

Clinical Study 

Twenty-one patients with traumatic brain swelling documented by computed to
mography (CT) and with an ICP of 25 mmHg or more were treated alternately with 
TRAM, mannitol, or sorbitol infused intravenously. A total of drug doses were 
evaluated: 80 of TRAM (18-36 g/IOO-200 ml, 1-2 h), 82 of 20% mannitol 
(125-250 ml, 20-40 min) and 40 of 40% sorbitol (70-140 ml, 20-40 min). 

ICP was measured continuously with an epidural Gaeltec sensor and arterial 
blood pressure (SAP) with a temporal artery catheter [5]. In a subgroup of patients 
(see Fig. 3) EEG activity was continuously recorded (two channels, bipolar F:JP3-
FJP4)' All biosignals were evaluated using a computerized bedside neuromonitor 
[5]; in addition to time plots and frequency histograms, we calculated: 
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- Maximum relative fall in ICP (d% ICP) 
- Maximum relative fall in SAP (d%SAP) 
- Time at which minimum ICP and SAP occurred (tICP min; t SAP muJ 
- Slope of ICP fall (vICP, mmHg/min) 
- Duration of ICP fall until 50% of preinfusion value regained (tfall, min) 

EEG activity was evaluated via fast Fourier transformation (compressed spectral 
array, chronospectra [5]); the absolute and relative power changes in the alpha, 
beta, theta and delta ranges were calculated. 

For statistical analysis, the SPSS-X package version 3.3 was used. 

Results 

Animal Experiment 

In the animals, 6 h after induction of cold lesions, a highly significant (p < 0.001) 
increase in water and sodium contents in both hemispheres was seen (Fig. la-d). 
The rise in water and sodium was much higher in the traumatized hemisphere than 
in the other. In animals on restricted fluids intake this edema formation was less 
than in rats receiving vehicle infusion (p < 0.01 on trauma side). The potassium 
contents decreased in the traumatized hemisphere after trauma, again more pro
nounced in the animals whose fluid intake was. restricted than in those receiving 
vehicle infusion (Fig. Ie, t). 

Administration of sodium bicarbonate did not significantly decrease water and 
sodium uptake. Only the loss of potassium was less in animals receiving bicarbon
ate than in those receiving vehicle infusion, but not significantly different to the 
potassium loss in animals on fluid restriction. A significant improvement in all var
iables, however, was seen with barbiturate therapy. TRAM treatment had the best 
effect of the drugs investigated: it decreased the water and sodium uptake markedly 
and significantly. Potassium levels were even kept nearly normal (Fig. 1). 

Clinical Study 

In all patients but one, TRAM, mannitol, and sorbitol all effectively reduced ICP 
and increased CPP with every infusion. The one exception was a male patient, 18 
years old, who had a very high ICP (> 65 mmHg) and a CPP constantly below 
30 mmHg; in this patient none of the drugs improved the ICP, indicating the pres
ence of complete vasoparalysis. 

The effects of TRAM and mannitol on ICP were almost identical (Fig. 2): the 
maximum fall in ICP (d% ICP) was 33%-34% and occurred about 60 min after 
start of infusion. The drop in SAP too was similar with these two drugs (about 
18%, often reduction of a hypertensive Cushing response). However, the mean du
ration of the reduced ICP was longer with TRAM (79 min) than with mannitol 
(69 min), and the initial increase in SAP after osmotherapy resulting in a transient 
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d%ICP Cl%SAP IICP ISAP vlCP (x 10) lsenk 

Fig. 2 a-c. Effect of THAM, mannitol, and sOlbitol on ICP and SAP in patients with traumatic brain 
edema: THAM and mannitol have almost identical effect; fall in ICP steeper but shorter with sorbitol 
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fall in CPP for about 10 min was not seen with TRAM. The effect of sorbitol on 
ICP was shorter (mean 57 min) than those of TRAM and mannitol. However, due 
to the high osmolality of sorbitol, the ICP fell about twice as steeply 
(0.52 mmHg/min) than with TRAM (0.21 mmHg/min) or mannitol 
(0.17 mmHg/min). 

In spite of this more dramatic effect on ICP of sorbitol, however, EEG improve
ment was faster and more pronounced with THAM (Fig. 3): Alpha- and beta wave 
power increased immediately after the start of TRAM infusion, when ICP was still 
high, while, in contrast to the effect of sorbitol, slow wave activity significantly 
decreased. 

a 'II. 
20 ICP Cpp 

10 

0 

-10 

-20 

-30 
15 30 45 15 30 45 

Time after administration (min) 

_ lHAM (n'27) _ SORBll (n'29) 0 PLACEBO (n'19) 

b .. 
20 Delta+Theta 

15 

10 

5 

0 

-5 

-10 
30 60 30 60 

lime alter administration (min) 

Fig. 3 a, b. Effect ofTHAM and sorbitol on a rcp and CPP and b EEG. Although the fall in 
rcp was steeper with sorbitol, the eft'~t of THAM on rcp was more rapid and more 
pronounced. Placebo, infusion mixture 
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Fig. 4 a, b. TRAM and blood parameters. a No significant change in osmolality or PC02. 
b Increase in pH and base excess 

This effect of TRAM cannot be attributed to osmotic dehydration, as is shown 
by the course of plasma osmolality (Fig. 4a). Blood PC02 was not significantly 
changed by THAM either, excluding COz-mediated vasoconstriction as the reason 
for the decrease in ICP. Apart from an already known hypoglycemic effect [11], we 
found only considerable changes in blood pH and base excess after administration 
of THAM (Fig. 4b). The significant increase in pH and more pronounced increase 
in base excess occurred parallel to the fall in ICP. 
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Discussion 

According to our experimental and clinical results, TRAM is a potent drug in the 
therapy of elevated ICP after trauma and also in preventing the formation of edema 
after head injury. Not only h'1, our cold lesion model, which is not directly compa
rable to clinical brain ccnrusion, but also after a fluid percussion trauma [13] 
TRAM significantly improves the indices of edema such as water and sodium 
content. The preservation of almost normal potassium levels even in the directly 
traumatized hemisphere may indicate a protective effect on the neurons after injury 
[4,~]. 

Clinically, TRAM is at least equal to mannitol or sorbitol in the therapy of ICP 
after trauma. Compared to mannitol, it effects an almost identical improvement in 
ICP, often lasting longer, and in contrast to mannitol, the effect of TRAM on ICP 
can be prolonged by continuing the infusion at a low rate (controls of blood base 
excess are essential). The reduction in ICP achieved with sorbitol is steeper but 
lasts for shorter than with TRAM, while TRAM has the better effect on the EEG, 
as an index of neuronal nutrition and activity. The rapid fall in ICP is not correlated 
to increasing blood osmolality, and especially the rapid EEG improvement suggests 
that TRAM has a direct effect on the traumatized tissue. According to the increase 
in blood pH and the rise in base excess, a direct buffering action of TRAM in the 
brain and especially in the edematous area is assumed. In contrast to bicarbonate, 
TRAM rapidly crosses the blood-brain barrier [11, 12); recently Kom and 
coworkers succeeded in directly measuring brain tissue pH during TRAM infusion, 
using implanted microelectrodes [10]; they found a steep increase in pH in the ini
tially acidotic edematous brain tissue during TRAM infusion, running parallel to 
the increase in blood pH. This direct intracerebral buffering also explains the de
pressive effect of TRAM on respiration [11]. 

In a ftrst pilot study, Rosner et al. [12] found not only a significant fall in ICP, 
but also an increased survival rate among head injury patients treated with TRAM. 
The data on THAM treatment in head injury cases suggest that a larger prospective 
clinical trial should be carried out; we are presently preparing one with a multi
center group. 
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Effects of the Antihypertensive Drug Ketanserin 
on Intracranial Pressure in Patients with Head Trauma 

L. Heytens1,2, J. Verlooy2, C. De La Porte2, M. Van Vyve2, P. Selosse2, 
and L. Bossaert1 

Introduction 

Neurotraumatized patients are often hypertensive. Their elevated blood pressure 
generally results from increased activity of the autonomic nervous system - i.e. a 
hyperadrenergic state - and is most often accompanied by an increased heart rate 
and elevated cardiac output. Other clinical patterns such as the Cushing's response 
of bradycardia and hypertension also occur. 

Sudden and serious hypertension has to be avoided in patients with severe head 
trauma, as autoregulation may be impaired so that compensatory arteriolar con
striction in response to elevated blood pressure does not occur. The excessively 
elevated cerebral perfusion pressure in turn can lead to the exacerbation of edema 
formation, vascular engorgement, and increased intracranial pressure [3]. 

The widely used vasodilating antihypertensive drugs such as nitroprusside and 
hydralazine can cause cerebral vasodilation with subsequent increase in cerebral 
blood volume and possibly intracranial pressure. These drugs are therefore best 
avoided in patients with head trauma. Adrenergic blocking drugs such as propra
nolol (P blocker) and labetalol (a and p blocker) are considered safer. As the num
ber of these drugs usable in this setting is still very limited, however, it seems 
worth evaluating the use of the newer antihypertensive drugs for treatment of hy
pertension after head trauma. 

The aim of this study was to evaluate whether ketanserin - a serotonin S2-ant
agonist and short-acting antihypertensive drug - can be safely used in patients with 
and without intracranial hypertension after neurotrauma. This idea was based on a 
study by Van Aken et al. [5] published in 1984 in Critical Care Medicine in which 
ketanserin was shown not to influence intracranial pressure or compliance in dogs 
and was thus considered to be probably safe in neurosurgical patients. 

Patients and Methods 

Fifteen patients with head injury admitted to our Neurosurgical Intensive Care Unit 
were included in the study. Their ages ranged between 12 and 75 years, but most 
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B-2520 Antwexp, Belgium 
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(n = 9) were between 12 and 17 years old. They were all comato~ (Glasgow Coma 
Scale scores between 4 and 9) and hemodynamically stable at the time of the study, 
which was carried out on the 2nd-4th days after the injury. Patients with space-oc
cupying intracranial hematomas that needed to be evacuated were excluded. In
tracranial pressure monitoring by intraventricular catheter had already been insti
tuted because of clinical or radiological suspicion of posttraumatic intracranial hy
pertension. Consent was obtained from next of kin. 

Intracranial pressure had to have been stable for at least 1 h before patients were 
entered in the study. All patients were breathing spontaneously, usually through an 
endotracheal tube. Pretest PC02 values were between 34 and 40 mmHg. Tempera
ture ranged from 36.4· to 38·C. A bolus of ketanserin 0.1 mg/kg body weight was 
injected intravenously over 10 s. Heart rate, mean arterial pressure, central venous 
pressure and intracranial pressure were measured just prior to and 1,2, 3,4, 5, 6, 
10, 15,30 and 60 min after injection. Cerebral perfusion pressure was calculated by 
subtracting intracranial pressure from mean arterial pressure. 

All measurements after the administration of ketanserin were statistically com
pared to the pretest values using Student's t test; p values below 0.05 were taken to 
indicate a significant difference. 

Results 

The 0.1 mg/kg dosage resulted in a decrease in mean arterial pressure from a base
line value of 102.7 ± 8.0 mmHg to 84.6 ± 6.3 mmHg at 1 min (all results expressed 
a~ mean ± SD); the difference was statistically significant at all time intervals 
(p < 0.0001). This decrease in mean arterial pressure was accompanied by a small 
increase in heart rate from 94.1 ± 15.6 to 101.3 ± 17.7 bpm; this difference was 
statistically significant at 1 min only (p < 0.05). There was also a slight decrease in 
central venous pressure, from 4.5 ± 2.9 mmHg to a minimum of 3.5 ± 2.6 mmHg at 
1 h (p < 0.01). 

Intracranial pressure (range 4-30 mmHg) rose from 11.3 ± 7.1 to 13.6 ± 
6.9 mmHg (p < 0.05) at 1 min. The difference was statistically significant at 1 min 
only and not thereafter. The increase in intracranial pressure, however, was of dif
ferent magnitude in the individual patients; an increase of more than 5 mmHg was 
seen in four patients and lasted between 5 and 60 min. The mean baseline intracra
nial pressure in these four patients was not significantly different from the refer
ence intracranial pressure of the other 11 patients (9.3 ± 2.9 versus 12.0 ± 
7.1 mmHg). 

Cerebral perfusion pressure was also significantly reduced from a baseline mean 
of 91.7 ± 11.2 to a minimum of 71 ± 10.4 mmHg after 1 min, and leveled out at 
around 7 mmHg thereafter (p < 0.0001 for all intervals). 
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Discussion 

Ketanserin, the fIrst selective serotonin S2-antagonist, has been shown to be an ef
fective antihypertensive drug that can be suitable combined with diuretics or ~ 
blockers. A single intravenous dose reduces systolic and diastolic blood pressure 
within a few minutes, the magnitude of the effect being dependent upon the sever
ity of the hypertension. Ketanserin lowers blood pressure by reducing systemic 
vascular resistance and has some a l-adrenoceptor blocking effects [4]. Intravenous 
administration of ketanserin was found to be useful in controlling perioperative hy
pertension and also in treating postoperative shivering [2]. 

Many authors recommend the treatment of hypertension after head injury in or
der to minimize edema formation and brain swelling. However, considerable con
troversy exists concerning the ideal blood pressure in this setting, and some inves
tigators in fact tolerate elevated cerebral perfusion pressures (83]. 

The use of vasodilating drugs such as nitroprusside, nitroglycerin, and hy
dralazine for treatment of hypertension after head injury may in itself be delete
rious, as cerebral vasodilation leads to an increase in cerebral blood volume and 
this in turn may lead to elevated intracranial pressure. As mean arterial pressure de
creases and intracranial pressure increases cerebral perfusion pressure can drop to 
an unacceptably low level. Antihypertensive drugs therefore have to be carefully 
evaluated before they can be recommended for general use - e.g., in patients with
out intracranial pressure monitoring - after head trauma. 

Ketanserin has vasodilating properties but has been shown not to influence in
tracranial pressure in two animals studies. In 1984 Van Aken et al. [5] demonstrat
ed that ketanserin 1 mg/kg body weight reduced blood pressure without influencing 
intracranial pressure or intracranial compliance in two groups of dogs, one without 
and one with intracranial hypertension. From this study it was concluded that 
ketanserin might be a safe antihypertensive drug in neurosurgical patients. 

In a study in cats, Auer et al. [1] demonstrated that serotonin itself has a dual ef
fect on cerebral arteries, i.e., dilatation of the small arteries and constriction of ar
teries wider than 2000 /J.I1l. In the same study ketanserin - the serotonin antagonist 
- induced dilatation of the larger arteries but did not induce the expected vasocon
striction in the smaller pial arteries. It was concluded from further experiments 
with ketanserin and/or its solvent alone that part of the theoretically expected con
striction of the small pial arteries was antagonized by a dilatatory effect of the sol
vent and/or by the autoregulatory dilatation in answer to the fall in blood pressure. 
In this study, too, intracranial pressure did not increase after injection ofketanserin. 

In the present study ketanserin was found to be an effective antihypertensive 
agent in these patients, with a statistically significant drop in mean arterial pressure 
during the whole I-h observation period. The baseline mean arterial pressure was 
only moderately elevated, a fact mainly due to the very young age of most patients. 
In each individual patient, however, we considered correction of the hypertension 
to slightly supranormal values necessary. An increase in heart rate was also ob
served but certainly not such as to give rise to clinical concern. The drop in central 
venous pressure was probably the result of the vasodilatory effects of the drug. 
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At frrst sight the small increase in intracranial pressure - by a mean of only 
2.3 mmHg - does not seem to be of clinical relevance. It is important, however, to 
note that 4 of the 15 patients tested showed an increase in intracranial pressttre 
greater than 5 mmHg, an effect lasting up to 60 min. This was considered to be 
clinically relevant, and we in fact interrupted the study because of this finding: 
originally we had planned to investigate a total of 20 patients but because of this re
sult we only evaluated 15. Since we did not measttre intracranial compliance - a 
technical act in itself not devoid of potential deleterious effects in patients with 
head trauma - we cannot speculate on the possible influence of differences in base
line compliance on the effect of the injection of ketanserin on intracranial pressttre. 

Obviously, as mean arterial pressttre decreased and intracranial pressttre slightly 
increased, cerebral perfusion pressttre also decreased significantly. In a few pati
ents with high baseline intracranial pressttre, to which we thought that the hyper
tension might contribute, cerebral perfusion pressttre dropped to around 60 mmHg, 
a value we consider to be too low. 

We conclude that ketanserin is an effective antihypertensive agent in patients 
with head trauma. It can, however, probably via its vasodilatory effects, induce an 
increase in intracranial pressttre, at least in some patients, and should therefore be 
used very cautiously in patients with head trauma. 
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A Comparison Between Mannitol and 
Glycerol Therapy for Intracranial Hypertension 

R.J. Smedema and M.R. Gaab1 

Introduction 

The treatment of intracranial hypertension is still the subject of discussion [4]. In 
our neurosurgical intensive care unit intracranial pressure (lCP) is routinely moni
tored with a miniaturized epidural transducer (Gaeltec ICT/b transducer) [6]. After 
surgically treatable causes of intracranial hypertension have been ruled out, basic 
therapy consists of elevation of the upper part of the body and artificial ventilation 
with moderate hyperventilation (arterial PC02 between 30 and 35 mmHg). When 
ICP can not be kept below 25 mmHg, additional drug therapy is started. We use 
osmotic diuretics and TRIS buffer [4]. 

The aim of this study was to compare the effectiveness of two different osmotic 
diuretics in the treatment of intracranial hypertension. 

Patients and Methods 

Fourteen patients from our intensive care unit, all intubated and under sedation, 
were studied. Seven of them had head injuries and seven had undergone supraten
torial craniotomy and tumor extirpation. There were nine male and five female pa
tients; ages ranged from 21 to 55 years. 

ICP was continuously monitored, in 12 patients via a miniaturized epidural pres
sure transducer and in two via a ventricular catheter connected to a pressure trans
ducer. Drift in both systems, which was quite small, was corrected twice a day. 

Together with ICP, systemic blood pressure was monitored, either continuously 
or at IS-min intervals. Arterial blood gases were frequently evaluated to maintain 
arterial PC02 between 30 and 35 mmHg. Serum electrolytes and glucose were in
termittently measured and corrected, if necessary. Fluid balance was corrected se
veral times a day. Treatment with an osmotic diuretic was started when ICP ex
ceeded 25 mmHg for 10 min or more. 

The following regimens were compared: 

1. Mannitol 20% 0.5 g/kg intravenously in 30 min 
2. Glycerin 10% 0.5 g/kg intravenously in 60 min 
3. Glycerol 85% 0.7-0.75 g/kg through a nasogastric tube 

1 Neurochirurgische Klinik, Mediziniscbe Hochschule Hannover, Konstanty-Outschow
Sir. 8, W-3000 Hannover 61, FRO 
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The 85% glycerol solution was mixed with an equal volume of an 0.9% saline 
solution. Absence of bowel sounds was not a contraindication to the use of this reg
imen. The regimens were employed randomly. In all, 102 treatments were given 
that could be further analyzed, which was done using SAS statistic procedures 
(SAS Institute Inc., version 6.03). The criterion of significance was p value below 
0.05. 

Results 

Figure 1 shows the results for the time from the start of treatment to the fIrst visible 
reduction in ICP. The mean time lags were 8.1 min for intravenous glycerol, 
9.5 min for intravenous mannitol, and 11.4 min for oral glycerol. There was no sig
nifIcant difference between these. In some cases ICP occurred much later than the 
average, especially the case in the oral glycerol group. 

Figure 2 depicts the results for the delay between the start of treatment and the 
lowest recorded pressure. The mean values varied between 45.9 min for intra
venous mannitol and 57.5 min for oral glycerol, which was not signifIcantly diffe
rent. 

In Fig. 3 the maximum reduction of ICP is shown as a percentage reduction of 
the initial pressure. The greatest reduction (by a mean of 51 %) was obtained in the 
oral glycerol group. In the intravenous glycerol group a mean reduction of 48.3% 
was calculated. Both these values differed significantly from the mean value in the 
intravenous mannitol group (32.6%). 

Start of pressure reduction time (min) 
100,-----------------------------------------, 

80 

60 

40 

20 

[0 [0 [0 
OL-----~------------~-------------=----~ 

oral glycerol glycerol iv mannitol 

Fig. 1. Start of Iep reduction. No significant differences. In these box and whisker graphs 
(Figs. 1-4) the mean is represented by a diamond and the median by an x. The box represents 
the range from the first to the third quartile. The whiskers cover the range from the minimum 
to the maximum value 
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Time of maximal intracranial pressure reduction 
time (min) 

200,-----------------------------------------, 

150 

100 

50 

oL-____ -L ____________ -L ____________ -L ____ ~ 

oral glycerol glycerol iv mannitol 

Fig. 2. Time from start of treatment to lowest recorded ICP. No significant differences 

100 

80 

60 

40 

20 

Maximal intracranial pressure reduction 
reduction of ICP ("') 

o~-----L-------------L-------------L----~ 
oral glycerol glycerol iv mannitol 
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Fig. 3. Maximwn ICP reduction. Significantly better results for orally and intravenously ad
ministered glycerol 

Figure 4 represents the time from the start of treatment to the point at which ICP 
regained its initial level. The effect of treatment in the oral glycerol group (mean 
time 201.2 min) lasted significantly longer than the effect in the intravenous glyc
erol and intravenous mannitol groups (mean times 147.3 and 134.1 min 
respectively). In some patients in the oral and intravenous glycerol groups, pressure 
reduction lasted up to 6 h. 

In the 102 treatments, ICP increased three times, once in each treatment group. 
In the oral glycerol group the increase in ICP was the result of the patient's vomit
ing after the mixture was administered through the nasogastric tube. 
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time (min) 
500 

400 

300 

200 [ U l U ~ 100 

0 
oral glycerol glycerol iv mannitol 

Fig. 4. Duration of ICP reduction. Significant results for orally administered glycerol only 

We also recorded cases in which ICP did not change at all: there were five in the 
mannitol group (21 %), two in the intravenous glycerol group (6%) and three in the 
oral glycerol group (9%). 

Discussion 

Osmotic diuretics decrease ICP and cerebral edema through dehydrating normal 
brain tissue by establishing an osmotic gradient across the blood-brain barrier. In 
addition, a possible decrease in blood viscosity resulting in vasoconstriction and 
decrease in cerebral blood volume is under discussion [12]. Mannitol is the main 
representative of this group of diuretics [13]. To reduce ICP it must be given intra
venously [16]. It is inert, causes almost no toxic reactions, and is eliminated by re
nal excretion [8]. Alternatively, glycerol can be used [4,8, 13]. Its value in reduc
ing ICP has often been described [1, 5, 14, 15). Glycerol can be given orally and 
intravenously and is largely metabolized [9]. Rapid rates of administration and high 
concentrations can lead to hemolysis [13]. Neither of these two substances crosses 
the intact blood-brain barrier [2, 3]. 

The precise dosage requirements of osmotic diuretics are still matter of debate 
[8, 11, 13]. We prefer small dosages, e.g. 0.5 g/kg body weight over 30 min [4], 
except in acute situations. 

In this study we compared the effects of equivalent intravenous doses of manni
tol and glycerol; to prevent hemolysis the infusion time for glycerol was set at dou
ble that for mannitol. 

Unlike MacDonald and Uden [10], who concluded that a 20% mannitol solution 
and a 20% glycerol solution were equally effective in lowering ICP, we found a 
significantly better reduction of pressure in the intravenous glycerol group, even 
with the lower glycerol concentration of 10%. However, we agreed with these au
thors in finding the duration of effect equally long with both. 
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In comparison with the intravenous regimens, glycerol given by the oral route 
caused a significantly greater reduction of pressure within the same time interval. 
The duration of action was significantly longer. 

These results may be explained by the amount of osmoles given in each therapy 
regimen, as has been proposed by Hase and Reulen [7]. 

Only minor changes in fluid balance and serum electrolytes were observed in the 
three groups. The intravenous administration of glycerol was not complicated by 
hemolysis. 

Conclusion 

1. Comparing the effects of 10% glycerol given intravenously, 85% glycerol given 
orally, and 20% mannitol given intravenously, we observed a greater and/or 
longer lasting pr~ssure reduction with the glycerol solutions. 

2. Orally administered glycerol proved to be potent in reducing intracranial hyper
tension in brain-injured patients or after craniotomy. 

Acknowledgmenl. The autors thank H.E. Heissler for his statistical analysis. 
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Decompressive Craniectomy 
After Severe Head Injury: Useful Therapy 
in PathophysiologicaUy Guided Indication 

M. Rittierodt, M.R. Gaab, and M. Lorenz1 

Introduction 

The indication for and operative technique and efficiency of decompressive cra
niectomy after severe head injury are still matters of controversy [1,4-7). Opera
tive decompression is often performed only on the basis of computed tomography 
(CT) and the patieJ)t's clinical course, without defmite proof of the presence of un
controllable intracranial hypertension [1, 5, 6]. Poor outcomes are often the result 
of extremely severe primary brain injury, e.g., with primary bulbar syndrome [1, 
5]. Regarding operative technique, small subtemporal craniotomies are often used, 
following Cushing's method [2]. Small bone flaps, however, do not reliably reduce 
the intracranial pressure and may produce local brain incarceration with bridge vein 
compression. We therefore use a large bifrontal or frontal-parieto-temporal decom
pressive craniectomy with a wide dura opening. The indication is based on clinical 
status, continuous ICP monitoring, and on additional electrophysiological data. The 
results are encouraging. 

Patients and Methods 

From 1978 to 1990 cranial decompressive craniectomy was carried out in 37 pa
tients aged 4-34 years (26 male, 11 female; interval between injury and operation 
5 h to 10 days; 18 unilateral and 19 bilateral decompressive craniectomies). The 
indication for operation was based on the following: 

- Younger age (at first ~ 30 years, now ~ 40 years) 
- No deleterious primary brain damage 
- No space-occupying lesion (hematoma, focal contusion, hygroma, ventricular 

enlargement) which could be directly operated upon 
- No large infarction areas visible on CT 
- ICP not controllable by conservative methods and cerebral perfusion pressure 

(CPP) falling below 40-50 mmHg 
- Intracranial hypertension associated with clinical and electrophysiological dete

rioration (CT, Glasgow Coma Scale, mydriasis, EEG, sensory evoked potentials, 
brain stem auditory evoked potentials); in recent years also deterioration on 

1 Neurochirurgische Klinik, Medizinische Hochschule Hannover, Konstanty-Outschow
Str. 8, W-3000 Hannover I, FRO 
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Fig. 1. a Permanent normalization of ICP and CPP after timely operative decompression; 
full rehabilitation. b ICP decompensation and complete cerebral ischemia despite decom
pression - operation too late and patien~ died 
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transcranial Doppler sonography (TCD) (increase in pulsatility index, fall in 
diastolic flow) 

- No irreversible brain stem herniation of terminal bulbar brain syndrome. 
The monitoring protocol was standard for all patients. 

ICP was continuously monitored with an epidural Gaeltec sensor or a ventricular 
catheter [3]. Simultaneously, the CPP was calculated from the ICP and the arterial 
blood pressure (SAP, Neuromonitor; [3]). CT scans were performed at intervals. 
For the last 4 years middle cerebral arterial (TCD) flow velocity, EEG activity 
(Fourier analysis), SEP, and BAEP have been recorded additionally, at least twice 
daily. 

Clinical status was assessed using an extended Glasgow Coma Scale and out
come after 1 year using the Glasgow Outcome Scale (1 = death, 2 = vegetative 
state, 3 = severely disabled, 4 = moderately disabled, 5 = rehabilitated). The opera
tive concept for the decompressive craniectomy is based on a large unilateral (in 
patients with unilateral swelling) or bilateral (patients with diffuse swelling) fronto
parieto-temporal bone flap. A wide gap is made in the dura, and dural defect is cov
ered with the temporal muscle and its fascia. 

After between 4 weeks and 12 months the craniectomy is closed with a Palacos 
implant or by autologous bone flap - our preference is subcutaneous preservation 
of the bone in the thigh or abdomen. 

Results 

Out of 37 patients five died: three due to brain damage, the other two as a conse
quence of adult respiratory distress syndrome. Three remained in a vegetative state 
(all had had a poor clinical status to begin with). Fourteen achieved full social re
habilitation, 12 remained moderately disabled. One patient had a wound infection 
with secondary healing. Thirteen patients had subdural effusions; eight hygromas 
disappeared spontaneously or after puncture. In five cases hydrocephalic ventricles 
developed and were treated by ventriculoperitoneal shunting. 

In all but three patients ICP was completely controlled by the decompressive 
craniotomy (Fig. la); in some patients some smaller increases in ICP in the days 
following the operation (e.g., B-waves) required single doses of osmotherapy. In all 
surviving patients the ICP was normalized by at most 6 days after operation; later 
increases in ICP were never attributable to brain edema but were caused by hygro
mas or CSF circulation disorders. 

In the three patients who died from further brain swelling in spite of large-scale 
operative decompression, the fmal ICP decompensation occurred within 48 h after 
operation. The intracranial hypertension fmally equalled the SAP, indicating com
plete vasoparalysis (Fig. Ib). All three patients were already in poor clinical condi
tion immediately after injury (GCS ~ 4; see Fig. 4) and had bulbar brain syndrome 
(GCS 3, dilated and fixed pupils) at the time of operation. In these patients the de
cision to operate was based on the continued presence of BAEPs (wave V, Fig. 2b); 
however, the absence of SEPs and the clinical signs of bulbar brain syndrome al-
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W.M., f., 14y, SHT, MCA r, before Op 

MCA I, before OP 

,W.M., f., 14y, SHT, MCA r, after decompression 

MCA I, after decompression 

Fig. 3. TeD and decompressive craniectomy: increase in pulsatility and fall in diastolic flow 
nonnalized after operation 

low the assumption that supratentorial circulatory arrest had already taken place at 
the time of operation. Operative decompression could not then prevent the subse
quent complete ischemic brain necrosis (Figs. Ib,2b). 

All patients with a secondary deterioration after initially well preserved SEPs 
and BAEPs indicating only mild primary brain injury achieved good rehabilitation 
(GOS 4 or 5), if the decompression was performed before SEPs and BAEPs were 
lost completely (Fig. 2a). The rapid normalization of electrophysiological parame
ters after operative decompression was often striking (Fig. 2a). In these patients the 
Iep decompensation and electrophysiological deterioration were associated with a 
rise in the pulsatility index (TeD; Fig. 3). The decrease in diastolic flow on TeD 
and the increase in pulsatility index were immediately normalized by operative de
compression. In addition to continuous ICP recording, monitoring of SEPs, 



Decompressive Craniectomy After Severe Head Injury 271 

cases 

5 GOS o 5 10 GCS 15 

Fig. 4. Prognosis after operative decompression: good outcome (GOS, left) in patients with 
GCS ~ 8 immediately after trauma (long line, right) or GCS ~ 5 on day 1 (intermediate line, 
right), despite GCS 3-4 at time of decompression (short line, right) 

BAEPs, and the TCD signal of the MCA is very helpful for a proper and timely in
dication for operative decompression, allowing reliable assessment of the severity 
of primary brain injury and giving clear warning of imminent secondary tentorial 
herniation (Fig. 2a). 
The best predictor of prognosis after decompressive craniectomy is the initial 
severity of brain injury (Fig.4). All patients with a GCS ~ 8 immediately after 
trauma or GCS ~ 6 on day 1 after injury achieved a good result. In these patients 
with only mild or moderate primary brain injury, the outcome is determined by the 
development of secondary brain swelling and intracranial hypertension, which can 
definitely be controlled by operative decompression. 

Discussion 

Our results, with approximately 40% full rehabilitation and an additional 30% of 
patients with a satisfactory quality of survival, indicate that decompressive cra
niectomy performed in accordance with our pathophysiological criteria is an effec
tive and beneficial form of treatment. 

The pathophysiological criteria of decompressive craniectomy are uni- or bilater
al brain swelling - as demonstrated by CT - associated with uncontrollably ele
vated ICP and a deterioration in clinical condition. In addition EEG, SEP and 
BAEP recording, and TCD are helpful in timing the operation. The operative tech
nique must include a large bone flap - uni- or bilateral- and a wide dura opening. 
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We believe that bad results such as those desribed in the literatwy [81, 5] are due 
to delaying the operation until too late, when there is already irreversible brain 
stem herniation, or operating on patients with very severe primary brain injury 
which cannot be influenced by any treatment 
In the last 12 years we have performed decompressive craniectomies in only 37 
patients out of more than 500 who had severe head injury requiring complex neu
romonitoring [3]. The indication for operative decompression is thus rather rare. A 
good outcome can probably only be expected in younger patients; however, no 
clear age limits can be dermed for this operation. There is no correlation between 
duration and level of intracranial hypertension. The only reliable predictor of a 
good outcome is the Glasgow Coma Score on admission and on first day after in
jury. In our series, all patients with an initial GCS ~ 8 achieved full rehabilitation. 
A bad outcome will result from an irreversible primary brain injury with an initial 
GCS $ 4. Operative decompression is therefore only effective in delayed secondary 
brain damage with brain swelling which can not be controlled by conservative 
means. In cases of primary decompression immediately after trauma with early 
signs of brain stem failure there is no indication for operation. 

Summary 

Since 1978 only 37 patients have fulfilled our indication criteria for decompressive 
craniectomy, which are: age below 40 years, no serious primary brain injury, clini
cal deterioration correlated to intracranial hypertension and to deterioration of 
electrophysiological parameters. Eighteen patients underwent unilateral and 19 
patients bilateral decompressive craniectomy with a large bone flap and a wide 
dura opening. 

The results are very encouraging: of the 37 patients 14 achieved full social reha
bilitation (GOS 5), 12 are moderately disabled, 3 remained in a vegetative state, 
and only 5 died (2 due to adult respiratory distress syndrome). A reliable predictor 
of outcome is the severity of primary brain injury: patients with only mild or mod
erate primary injury (initial GCS ~ 8) and secondary brain swelling not controllable 
by conservative means have a good prognosis (GOS 4-5). In addition to clinical 
observation, repeated CT scanning and ICP monitoring are mandatory. In addition 
EEG, SEP and BAEP monitoring, and TCD are helpful in assessing the timing of 
operative management. 
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Safety of Fraxiparine Administration 
in Neurosurgical Patients: Preliminary Report 
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Introduction 

Deep venous thrombosis and pulmonary embolism are feared complications in sur
gical patients during the postoperative period. These thromboembolic complicati
ons are a source of postsurgical morbidity and mortality which cannot be ignored. 
In neurosurgical patients the frequency of postoperative venous thrombosis in the 
calf is estimated to be 29%-43% on the basis of studies with 125I-fibrinogen [3]. 
This high frequency can be attributed to the lengthy operations, prolonged post
operative bedrest, and motor deficits. Preventive measures have been investigated, 
among them administration of heparin derivatives. 

Fraxiparine (CY 216) is a low-molecular-weight heparin fraction which has a 
specific activity against factor Xa and only a moderate action against factor ITa. It 
has a prolonged action of at least 18 h. 

Several prospective, randomized, double blind studies have demonstrated the 
value of preoperatively administered Fraxiparine in the prevention of thromboem
bolic complications after general orthopedic surgery complications [1,2,4]. Never
theless, in neurosurgery there has been some reluctance to follow this practice, be
cause of the possible disastrous effects of bleeding within the confines of the skull. 

The aim of the present study was to establish whether preoperative administra
tion of Fraxiparine was a safe procedure in respect o(postoperative blood loss. 

Material and Methods 

Fifty patients consecutively admitted for elective intracranial surgery were random
ized into two groups. The first group received Fraxiparine 12 h before surgery, the 
second 24 h after. The dosage was 100 IU/kg body weight. Afterwards Fraxiparine 
continued to be administered daily to all patients. The surgeons did not know to 
which group patients had been randomized and were therefore not biased. Blood 
samples were obtained on admission and 2 h before and 24 h after surgery. Hemat
ocrit, hemoglobin, platelet count and clotting indicators (thrombin time, partial 
thrombopolastin time, activated partial thromboplastin time, fibrinogen) were 
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measured. The postoperative blood loss was calculated from the drajnage fluid vol
ume and its hematocrit and from the arterial hematocrit 

Exclusion criteria were contraindications for Fraxiparine administration: blood 
clotting disorders, duodenal and gastric ulcers, etc. 

Results 

The two groups were comparable (p:::; 0.05) as to age, sex, distribution, height, 
weight and type of surgery. 

There were no statistical differences between the two groups in the different 
blood samples for platelet count, partial thromboplastin time, thrombin time, and 
fibrinogen during surgery. Activated partial thromboplastin time was significantly 
higher in the preoperatively treated patients 2 h before surgery and this difference 
was still significant.24 h later (Fig. 1). Nevertheless, although postoperative blood 
loss was less in the preoperatively treated patients, the difference was not signifi
cant (Fig. 2). 

There were no bleeding complications or wound hematomas in either group. 

Conclusion 

This study indicates that preoperatively administered Fraxiparine has no influence 
on postoperative blood loss. However, since the number of patients in this prelimi
nary study was limited, this should not be regarded as a definitive conclusion. 
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Fig. 1. Activated partial tluomboplastin time 



276 F. Martens et al. 

.r:: 

'"" 

200.---------------------------------------------, 

N 100 

E 

No statistically significant difference 

_ Fraxiparine ~ Control 

Fig. 2. Postoperative blood loss 
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The development of new biocompatible implant 
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