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Preface 
This book is the first in a series of topical reviews in neurosurgery. The 
subjects and authors for this volume owe their place largely to the fact 
that they first came to mind when I jotted down a list on being asked to 
edit the series, and I am grateful to the contributors for agreeing to write. 

There is always a dilemma whether to choose contributions that are 
likely to have lasting value rather than ones that describe the latest advan
ces, soon to be out of date. In this series both will be presented. Brian 
Jennett's chapter is, I hope, an example of the former and is révélant to all 
that comes thereafter. In contrast, Brian Kendall's chapter on computed 
tomography will inevitably be the victim of further advances: nevertheless, 
I believe it gives a valuable survey of the current position. 

The value of vascular surgery in neurological disorders is controversial -
some would say too controversial to be left to surgeons. I have therefore 
chosen physicians, Michael Harrison and John Marshall, who have well-
known interests in cerebrovascular disease to write chapters on carotid 
endarterectomy and extracranial-intracranial anastomosis. 

David Thomas has marshalled the essential facts about the chemo
therapy of gliomas and Norman Guthkelch has contributed a scholarly 
article on the aetiology of chronic subdural haematoma. 

Professor Lindsay Symon enters the lists as a supporter of radical 
surgery in the treatment of craniopharyngiomas, and my own views about 
syringomyelia in the final chapter may be considered equally controversial. 

To edit these chapters has been a pleasure and an education: I hope the 
reader's experience will be the same. 

J. M. R. E. 
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Bryan Jennett 

Ί Efficacy, Efficiency and Adequacy 
in Neurosurgery 

Several aspects of modern medicine which are increasingly provoking 
debate in society present a particular challenge to neurosurgeons. One is 
the suspicion that high technology medicine is apt to indulge in elaborate 
and expensive investigative and therapeutic procedures without taking due 
account of the balance between the risks, costs and benefits. Another is 
the concern expressed about ethical and moral issues associated with extra
ordinary efforts to prolong life in the face of major organ damage — issues 
that have a sharpened significance when it is the brain that is damaged. 
Then there are the political and administrative trends towards greater self-
sufficiency in smaller, locally based units of health care which run con
trary to the concept of regionalization for tertiary care specialists. Coupled 
with this is the switch in emphasis from acute medicine to chronic care, 
which is reflected in reassessment of the allocation of resources, including 
the numbers of beds and of staff that should be provided in different 
specialties. 

Britain has considerably fewer neurosurgeons than most developed 
countries, but that does not ensure that neurosurgeons will be protected 
from pressure to examine and justify both the nature and the scale of their 
activities. Unless we are prepared to discuss these matters amongst our
selves, there will be no shortage of others willing (even anxious) to do it 
for us — and then to try to tell us what we should be doing. For these 
reasons it seems prudent and timely, as well as scientifically interesting, to 
consider the efficacy and appropriateness of what neurosurgeons do, and 
the adequacy and efficiency of the service that they provide. 

The optimum utilization of existing resources requires both that the 
acivities carried out are effective, and that these effective procedures are 
efficiently used. This distinction between effectiveness and efficiency 
formed the title of Cochrane's classic essay [1]. Effectiveness is concerned 
with whether a particular method of management (investigation or treat
ment) is effective; that is to say — does it work? Efficiency is to do with 
such factors as the intensity of use of expensive facilities such as beds, 
operating theatres and CT scanners. Adequacy is different again, being 
concerned with whether enough facilities are provided to ensure that (if 
optimally used) there is reasonable access for most patients in need. 

Efficiency is essentially uncontroversial; it is difficult to imagine the 
neurosurgeon who would defend inefficient utilization of his resources, 
although perhaps not enough of us are concerned to discover how efficient 
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2 TOPICAL REVIEWS IN NEUROSURGERY 

we are, or whether we could improve our performance. Not so with effi
cacy and adequacy. These provoke profound disagreements between neuro-
surgeons, as they do among all specialists. A number of specialties, particu
larly newly emerging ones, have produced 'statements of case' for their 
activities, based on evidence about the frequency of occurrence of con
ditions within their field of interest, about what investigations and thera
pies are currently available and about the manpower and facilities neces
sary to provide an adequate service. Such statements are usually stronger on 
dogma than on data, particularly when it comes to efficacy. North Ameri
can neurosurgeons have done this during the past decade, and it may be 
salutary to conclude this essay by reference to the views of our cousins 
across the Atlantic — which include some robust comments about the 
supposed shortcomings of neurosurgery in Britain. 

EFFICIENCY 
A fully staffed bed in an acute hospital is one of the most expensive re
sources over the utilization of which clinicians have direct control; in a 
specialized unit a bed is even more costly. One measure of efficiency is the 
number of patients admitted each year to each bed; this depends on dura
tion of stay and on turnover time between one patient and the next. This 
is a more reliable index than bed occupancy — a ward could remain fully 
occupied with very little patient throughput. An attractive aspect of these 
measures is that they can be calculated from the routinely collected statis
tics on hospital discharges; these are available for all cases in Scotland [2] 
and for a 10 per cent sample in England and Wales [3]. These have revealed 
wide discrepancies between the numbers and the utilization of beds in 
different areas of Britain. One result of this finding has been the develop
ment of strict norms for acute hospital bed numbers, on a population basis. 
The effect of this policy in many places is to reduce acute hospital beds; 
this is especially so in large cities, which are depopulating — and that is 
where most British neurosurgical units are situated. As most of the re
housing of people to the outskirts of cities leaves them still in the same 
neurosurgical catchment area, neurosurgeons may reasonably claim to be 
spared from most reductions in beds which are based on these population 
movements. But with the emphasis on devolving health service adminis
tration (and financing) to a more local level, there may be no effective 
authority left to listen to the case for expensive regional services, which 
are necessarily provided by one health authority for many patients who 
are the primary responsibility of other authorities. 

However, neurosurgeons cannot expect to claim immunity from reduc
tion in their facilities unless they can also show that they are using their 
resources as efficiently as possible. There are wide variations in the number 
of neurosurgical beds (per million population) in different regions of 
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Britain, which partly reflect local policies about the kinds of patients 
admitted, in particular the proportion of head-injured patients in its 
catchment area for which a neurosurgical unit accepts responsibility. But 
they also reflect differences in the level of utilization of the beds that are 
available, a feature that is common to all specialties. Indeed the discovery 
that there are such marked differences in the duration of stay for patients 
with the same condition, between regions and hospitals, and even between 
wards within the same hospital, has led clinicians in several specialties to 
review their practices; one result has been a considerable intensification of 
activity in acute hospital medicine. Reduced stay can be achieved by doing 
more investigations on an outpatient basis; by careful programming of ad
missions in order to reduce time spent waiting in hospital for further tests 
or for operation and by earlier discharge. A review of the utilization of 
beds in general, orthopaedic and urological surgery in Glasgow showed 
that 40 per cent of patients in acute surgical beds had no longer any need 
of the particular facilities which these offered [4]. These patients were 
still there because of difficulties in moving them to more appropriate (and 
less expensive) accommodation, not because the surgeons wanted them to 
stay ; many of these patients were elderly. 

Because neurosurgeons in Europe largely provide tertiary care for 
patients who come from other hospitals, the utilization of their beds can 
be made more efficient by the return of patients to their original hospital 
once they no longer require the specialized facilities of a neurosurgical 
unit. Such an arrangement may indeed have to be agreed in advance with 
the sending hospitals as a condition of the neurosurgical unit's capability 
to respond rapidly to requests for the urgent transfer of new patients. 
Another advantage is that relatives often appreciate the return of ill mem
bers of their family to a hospital nearer home. Possible disadvantages of 
such a policy are that some patients may suffer from lack of continuity of 
care; for example, staff who inherit patients second-hand may show less 
concern for their rehabilitation than would those who were concerned 
with the acute stage of their illness. Moreover, the job satisfaction of doc
tors, nurses and other therapists in the neurosurgical unit may be lessened 
if many patients are sent away as soon as they begin to recover, and unless 
follow-up clinics are the rule in the unit the staff may never know the ulti
mate outcome of their management in the acute stage. Although appar
ently making for more efficient use of neurosurgical beds and facilities, 
such a policy inevitably results in more of the patients in the neurosurgical 
unit being highly dependent on nurses; consequently a higher staffing ratio 
is required than if patients remained longer. 

EFFICACY (EFFECTIVENESS) 
This refers to whether methods achieve their objective, which is usually 
diagnostic or therapeutic. Most often this refers to specific techniques or 
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procedures. In recent years several disciplines have recognized that un
necessary investigations are frequently employed; and that some treatment 
methods acclaimed as significantly effective prove on rigorous analysis to be 
no better than simpler (and usually less expensive) methods for most cases, 
and to be justified for only a small proportion of patients. If there are too 
many patients undergoing special investigation or therapy who are either 
not sufficiently serious to need them, or too seriously affected to benefit, 
then the yield from their application will be low. It might then be said that 
the efficacy of a neurosurgical service was less than it might have been had 
its resources been more appropriately deployed. In this way it might be 
possible to consider the effectiveness of neurosurgery in a region, or even 
in a country as a whole, in coping with broad problems such as head injury 
or subarachnoid haemorrhage. 

ASSESSMENT OF EFFICIENCY AND EFFICACY 
This depends on the systematic accumulation of data. Information needs 
to be collected at several different levels in order to discover answers to 
three separate questions. First, there is 'audit' of the work of a neurosur
gical unit — how many patients are dealt with each year, under different 
diagnostic categories; how have they been investigated and treated; what 
has the outcome been? Secondly, there is collection of data about patients 
with one particular condition in order to determine the natural history and 
to identify factors that influence prognosis. Thirdly, there are trials of 
intervention, planned to discover the efficacy of one method of manage
ment as compared either with an alternative technique or with the natural 
history of the untreated condition. 

Is neurosurgery any better able to refute charges of over-investigation 
and over-treatment than other acute hospital specialties? Does the neuro-
surgeon face special difficulties if he wishes to assess the effectiveness of 
what he does, organizationally or to individual patients? Particularly when 
it comes to comparing the efficacy of alternative methods of management. 
I believe that neurosurgeons do face special problems. These relate to 
accumulating sufficient numbers in a low volume specialty; to practical 
conditions in dealing with many patients with conditions requiring rapid 
decision-making in life-threatening situations; and to ethical considerations 
associated with patients unable to give informed consent because they are 
confused or unconscious. 

The Question of Numbers 
Most of the conditions dealt with by neurosurgeons are relatively much 
less common than, say, cancer of the breast or myocardial infarction — 
two conditions about which controversy continues in spite of numerous 
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Table 1.1 Effect of Sample Size on Significance of Change in Frequency of an 
Event (e.g. Death) in Different Patient Series 

Range of variation (from frequency in 1000 
series) that would not be significantly different 

(atP<0-05) 
Sample size in Frequency of event in 1000 cases 
new series (20%) (50%) 

20 5-35 30-70 
50 10-30 36-64 

100 12-28 40-60 
200 14-26 42-58 

1000 17-23 46-54 

large therapeutic trials. For the neurosurgeon it is difficult to accumulate 
enough patients of the same kind in a reasonable time for a valid compara
tive investigation. Studies that span many years may become invalid 
because of changes in practice other than those under scrutiny. Consider 
the impact on neurosurgical practice in the past 15-20 years of the oper
ating microscope, of the CT scanner, of developments in neuro-anaesthesia 
and of the use of corticosteroids. If the period of data collection for a 
study spanned the introduction of one or more of these innovations, then 
the results may be difficult to interpret. 

Yet the accumulation of sufficient numbers is crucial. The most com
mon reason for reaching false conclusions after the completion of an 
otherwise well-designed study is that the sample size has been too small. 
The significance of a difference between two series of patients is governed 
by a simple mathematical concept, the binomial theorem. Suppose that 
severe head injury has a death rate of 50 per cent with conventional treat
ment, and that a new therapy is producing a reduction of mortality, then 
the number of patients that would have to be treated before improvement 
could be demonstrated at a given level of statistical significance can be cal
culated (Table 1.1). If the degree of benefit were less than this, or if a 
higher confidence limit than P < 0Ό5 were demanded, then the numbers 
required would be greater. If intracranial/extracranial bypass reduces the 
risk of recurrent stroke by 50 per cent, it is estimated that 1000 cases need 
to be followed for 5 years, in order to show this effect at P < 0Ό5 [5]. 

To collect enough patients in a reasonably short period of time is diffi
cult in any one centre, even in the large regional clinics in Europe. Almost 
inevitably therefore such studies depend on collecting from several centres. 
As soon as more than one place is involved the problem arises of ensuring 
that methods of assessment and recording are sufficiently standardized to 
be reliable. This is more difficult than might be expected by clinicians who 
have never submitted to the discipline and tedium of a well-conducted 
intercentre study. But the feasibility of setting up collaborative data col-
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lection in several centres, and even crossing language barriers, has been 
demonstrated by the three countries study of severe head injuries [6, 7] . 

That study was concerned with collection of data about head-injured 
patients of a certain severity; it did not seek to influence management in 
any way. It therefore represents the simplest form of collaborative study. 
At the outset of this study there was no generally accepted classification 
of the severity of brain damage, and means of assessing this in the early 
stages after injury had to be devised, as well as ways of monitoring the 
duration of various levels of brain dysfunction, and of classifying the out
come of survivors months or years after injury. It was necessary to con
struct a standardized set of definitions which had to be simple and reliable, 
as indicated by a low rate of interobserver variation [8] ; and they had to 
be accepted as practical by clinicians in different centres. Agreement on a 
common clinical vocabulary was achieved only after a number of visits by 
participants to each other's units. Some of the methods evolved for this 
study, such as the Glasgow Coma Scale [9] and the Glasgow Outcome 
Scale [10], have now been widely adopted for recording clinical data 
about patients with recent brain damage, whether traumatic or not. Even 
so, we consider that when a new centre is added to the head injury data 
bank an introductory, educational process is necessary in order to be sure 
that there is uniformity of standards. Once a sizeable series of patients has 
been collected in a new centre (say 50 patients) it is then possible to 
analyse the internal consistency of data as an indicator of the quality of 
the data collection. 

The Question of Comparing Patients 
Next to inadequate numbers, the most likely reason for reaching false 
conclusions from clinical studies is that patients have not been suffici
ently closely matched. With a condition as diverse as head injury, there is 
no prospect of having two identical series of patients. Matching means 
being sufficiently similar to ensure that the expected outcome in two 
series will correspond, within defined limits. When cases come from more 
than one centre there may be differences related to local geographical or 
organizational factors. This may affect the mix of patients in regard to 
cause, or time of arrival after injury or the frequency of multiple injuries. 
These is turn may determine the proportion of patients with intracranial 
haematoma, as distinct from diffuse primary injury. If these differences 
are indeed marked it may be necessary to limit comparisons between 
centres to certain subsets of patients in respect of these variables. 

Given that patients are reasonably comparable in these ways it is then 
necessary to ensure similarity in respect of factors influencing outcome, 
the chief of which are age and severity of injury. Even considering only 
these two variables it is easy to be misled into believing that cases are com
parable when they are not. For example, the mean age of two series of 
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Table 1.2 Effect of Age Distribution on Expected Mortality in Three Series of 
Severe Head-injured Patients all with Same Mean Age 

Proportion of patients 
Mortality* Series I Series I If Series III 

Age group (%) (%) (%) (%) 

10-29 yr 35 
30-49 yr 40 
50-69 yr 80 

Mean age for series 
Expected mortality for series 

62.5 
0 

37.5 
35 yr 
52% 

50 
25 
25 
35 yr 
48% 

25 
75 
0 

35 yr 
38% 

♦Estimates from data bank. 
t Approximates to 1000 cases in data bank. 

patients may be the same even though their age distribution is quite dif
ferent. This latter discrepancy can make for a higher expected mortaHty in 
one series than the other, assuming similar severity of injury (Table 1.2). 

The assessment of severity in the early stages after injury allows ample 
opportunity for error. If the level of brain dysfunction is recorded very 
soon after injury, especially if before initial resuscitation has been com
pleted, an overestimate of the severity of brain damage is likely. Once the 
airway is established, blood replaced and systemic arterial pressure re
stored, the previously flaccid patient with non-reacting pupils may begin 
to move and the pupils to respond to light. The frequency with which 
features indicative of severe brain damage were recorded in the first 24 
hours after injury was almost twice as great when based on the worst rather 
than the best state during this period (Table 1.3). Moreover, children are 
more likely to show a rapid recovery from an initially severe state than are 
adults. 

When both age and severity of injury are considered together there is 
even more scope for mistaken similarity, as the contrived example in Table 
1.4 indicates. Both these series of patients had an equal number of more 

Table 1.3 Signs of Severe Brain Dysfunction in First 24 Hours: Difference 
in Frequency of Occurrence when Based on 'Best' or 'Worst' State 

Severity sign 

Coma sum 3/4 
Non-reacting pupils 
Absent/impaired eye 

movements 
Abnormal motor 

response pattern 

Frequency as 
best state (%) 

19 
23 

23 

41 

Frequency as 
worst state (%) 

49 
44 

34 

62 
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Table 1.4 Mortality of Two Series with Different Distribution of Age and Coma 
Scores 

No. of 
patients 

Series A 
100 
100 
Series B 
100 
100 

Age 
M 

0-19 
>60 

0-19 
>60 

Coma score 
(best in 1st day) 

3-4 
5-7 

5-7 
3-4 

Subset 
(%) 

66 
94 

31 
96 

Mortality* 

Whole series 

80% mortality 

63% mortality 

Each series has half its patients in youngest and oldest age groups, and half in each 
coma score category. 
♦Estimates from data bank. 

and less severely injured patients, and of younger and older patients, but 
because the younger patients were more severely injured in one series than 
the other the expected outcome for the two series was quite different. 

Once a large enough data bank has been established from which to 
derive a prognostic model for predicting outcome in individual patients, it 
is possible to take account of the complex interaction of a number of 
variables [7, 11, 12]. In this way the outcome distribution in two or more 
series of patients could be predicted, and this would be a more reliable 
way of demonstrating similarity than taking account of a number of separ
ate factors. This could be useful in circumventing some of the problems 
associated with prospective trials of therapy, as is explained below. 

The Question of Comparing Therapies 
When the outcome of one series of patients is more favourable than that of 
another the claim is often made that this reflects the superior treatment of 
the series that did better. Before accepting such an explanation an active 
search for sources of bias should be conducted. Is it certain that the cases 
that made a better recovery than expected were not less severe, or younger? 
Is it certain that the assessment of recovery in survivors was not more 
generous, or that more of the deaths in those treated by the supposed 
superior method were not explained away as due to medical or extra-
cranial causes? Even if these factors are taken into account, there is still 
the possibility of bias leading to the tendency to choose a new or more 
favoured treatment for those cases that the clinician senses (perhaps with
out realizing it) have a better prospect for recovery; bias may also result 
from the total care of patients being more diligent and more active when a 
new method is under review. 

It was to counteract these various sources of bias that the randomized 
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controlled trial was introduced, and it has an established place in testing 
the efficacy of new drugs. In conditions associated with a high mortality 
rate, however, doubts are sometimes expressed about the propriety of 
using randomized methods, especially those which employ a placebo or no 
treatment group. For example, the inclusion of a no-treatment group of 
patients in a recent trial of therapy for herpes simplex encephalitis has 
been severely criticized. Its consistently high mortality until now, com
bined with the small number of cases available for testing treatment, made 
a randomized control trial inappropriate. In any event, the question asked 
of a new therapy is not whether it has any effect (compared with natural 
history) but whether its benefit is greater than what is already available -
'best conventional treatment'. Randomized control trials also present 
formidable problems in a condition such as severe head injury, where 
rapid decisions have to be made about patients in coma who cannot give 
informed consent, and whose relatives may not yet know that he has had 
an accident. 

Trials of efficacy which involve surgical procedures present other diffi
culties. What of the experience, special expertise and skills, and the current 
practice, of the surgeons in different centres contributing to a study? In 
fact there is a good deal of evidence that factors other than personal sur
gical skill have a dominating influence on outcome after many types of 
surgery — doing the right operation on the right patient at the right time is 
the key to success in most surgery. In any event, if trials are to reveal 
which treatment should be used, for common conditions at least, they 
should show what can be achieved in average surgical hands. It is therefore 
proper that the trial should encompass a range of skills and of centres, 
although there is a natural tendency for such studies to be carried out in 
larger academically orientated units. A recent book review included these 
comments: 'This book is written by some of the world's most experienced 
neurosurgeons . . . with experience in their own area far beyond what can 
be expected even in a large regional neurosurgical unit. Could the result 
reported have been obtained by the average neurosurgeons for whom this 
book was written?' [13]. Various technical aspects of surgical trials have 
recently been reviewed [14]. 

Yet another problem with surgical trials is that surgeons often find it 
difficult to relinquish their role either as decision-makers, or as wielders of 
the healing knife. With elective procedures they are often encouraged in 
this both by patients who want surgery done, and by referring physicians 
who expect action rather than arbitration. Uncritical enthusiasm for the 
performance of extracranial-intracranial anastomosis as a means of prevent
ing recurrent stroke is threatening the successful completion of the three 
countries trial set up with such care and at such expense [5]. Such trials 
always give the clinician an escape clause, allowing him to withdraw any 
patient whom he (or the referring doctor) declines to have randomized. 
In some surgical trials so many patients are put in this category that 
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doubt is cast on conclusions drawn from the selected group of patients 
who are put into the trial. Sometimes a smokescreen of ethics is put up 
('it is unethical to withold this treatment' - even though its efficacy is un
proved); at other times there may be concern about the supposed good 
name of an institution ('patients came to this clinic to be treated, not to 
be trialled' — even if the treatment given is not effective). 

For these and other reasons there has been a reaction against random 
control trials, and a renewed interest in the use of historical controls 
[15, 16]. This makes the purist prickle, but that is because he usually 
thinks of historical controls as the last 100 cases treated prior to the intro
duction of a new method, or even the last 100 cases reported in the 
literature. These are indeed often suspect, and probably valid only if a 
dramatic effect is sought for a condition previously almost always fatal, as 
with the introduction of penicillin for sepsis. 

Data Banks and Prediction as Tools for Therapeutic Trials 
It seems likely that the evolution of carefully assembled data banks, with 
standardized methods of assessing patients before and after treatment, 
may open up new ways of testing efficacy which could obviate some of 
these difficulties. They can provide what may be called prospective, histor
ical controls; perhaps a better term would be simultaneous or contempor
ary, historical controls. 

In the three countries data bank study of severe head injuries there was 
a wide variation in the frequency with which various treatments were used, 
but the distribution of outcomes was similar in those centres which used 
certain methods more frequently and those which did not [5] ; and a similar 
finding has been reported for non-traumatic coma, when the outcome for 
an American series of patients which had been very intensively investi
gated and treated was no better than for a British series which had been 
managed more conservatively [17]. 

In the head injury study some methods of treatment were used more 
often in patients who were more severely affected. However, a statistical 
analysis was used which made allowance for severity of brain damage and 
for the patient's age; this indicated that the use of certain therapies (e.g. 
steroids) had not apparently had any marked effect on outcome. This was 
done both by comparing the outcome in two matched 'series' derived ran
domly from within the data bank of 1000 cases, and also by making pre
dictions about the outcome in a group of patients who had been treated 
by a certain method, using as a training a series of patients who had not 
been so treated [18]. 

This prediction technique can also be used to compare the influence of 
another regimen of treatment in another centre, by making comparisons 
with cases in the data bank which had had conventional treatment. This 
was done for the San Francisco General Hospital, where a systematic and 
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very intensive regimen has been used for treating severely head-injured 
patients [19]. Over some 2 years all patients were assessed prospectively, 
according to the data bank system for calculating severity, progress and 
outcome. Data from these 180 patients were processed in Glasgow, where 
predictions were then made as to how these San Francisco patients would 
have fared had they been treated in Glasgow. In the event, the outcomes 6 
months after injury in San Francisco were very largely as predicted; this 
does not preclude the possibility that some of the survivors in San Fran
cisco may not eventually be shown to have recovered more rapidly or 
more completely than matched cases in Glasgow, nor that there may not 
be a subset of patients who would benefit from the San Francisco regimen. 
That too must await further study. 

This raises another problem when testing the efficacy of a new method 
of treating a condition with a high mortality. In a series of such patients 
there are always some whose condition is so advanced that it is extremely 
unlikely that any therapy will be effective; and there will be some with a 
reasonable prospect of recovery with only conventional treatment. A new 
method of treatment is likely to be effective in improving outcome only in 
the patients in the middle range of severity. If applied to a series as a 
whole this benefit may be submerged by the large number of patients 
whose outcome cannot be affected. A prediction system makes it possible 
to identify the patients in these different categories, and it would then be 
practical to conduct a trial on a subset of 'middle severity' patients. This 
would be likely to show a beneficial effect (if there was one) with fewer 
patients than if cases of all severities were included. 

Neurosurgery is not alone in being slow to adopt formal methods of 
assessment of treatment. The very small proportion of patients with solid, 
malignant tumours who are entered into controlled trials in the UK has 
been described as a disgrace [20]. It is 4 per cent for brain tumours com
pared with 25 per cent for leukaemia of childhood [21]. It was pointed 
out that this was particularly difficult to condone because the organization 
of medicine in Britain should made it easier to collaborate in such trials 
than in many countries, because of the unified hospital system and the 
relatively small proportion of patients treated privately. Certainly the rela
tively large numbers of primary brain tumours treated by the larger British 
neurosurgical units could make them valuable contributors to the various 
trials of multi-modality treatment (surgery, radiation and chemotherapy) 
currently being carried out in various countries. It seems likely that for 
trials of this kind to recruit sufficient numbers in a reasonable time period 
requires a catchment population of at least 10 million. For less common 
tumours there might be a case for referral of the patients to a limited 
number of centres which would develop special expertise in their manage
ment. This was suggested several years ago for craniopharyngioma by 
Bartlett [22], but his plea has so far fallen on deaf ears. 
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ADEQUACY 
There is a wide variation in the neurosurgical facilities provided for similar 
catchment populations in different parts of Britain, whereas more uniform
ity might have been expected considering that all are part of the same 
central authority. The pattern of work also varies, in particular in the pro
portion of patients with conditions that in some places are looked after by 
neurosurgeons but elsewhere by other specialists (Table 1.5). Such differ
ences seldom reflect a planned response to a declared need or demand, but 
rather the bias of neurosurgeons and other specialists locally - perhaps 
those of a previous generation who influenced the development of services. 
Such arrangements do not always result in optimal care, especially when 
one specialty is unaware of recent technical developments in another, and 
therefore continues to use outmoded techniques. 

Table 1.5 Activities Shared with other Specialists 

Head injuries 

Spinal injuries | 
Disc disease j 

Intensive care for coma | 
Lesion making for pain I 

Pituitary/acoustic tumours 

Cranio facial orbital tumours/1 
deformities I 

Carotid endarterectomy/ 

extracranial-intracranial anastomosis 

Hydrocephalus/spina bifida 

Tumours 

Diagnosis 

Primary surgeons/anaesthetists 

Orthopaedic surgeons 

Anaesthetists 

Oto laryngologiste 

Ophthalmologists/Plastic maxillo-
facial 

Vascular surgeons 

Paediatricic surgeons 

Radiotherapists/oncologists 

Radio logist s/neurologists 

Head Injury, as an Example 
This is probably the commonest condition about which neurosurgeons 
hold disparate views as to the extent to which they should be involved in 
providing a service. Whilst 5 per cent of admitted head injuries in Britain as 
a whole are in neurosurgical wards this proportion varies from 50 to 0*5 
per cent in different regions; consequently head injuries account for half 
of all admissions to some neurosurgical units but for less than a tenth in 
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others. It is differences in opinion rather than in resources that account 
for most of these wide variations. Some neurosurgeons maintain that the 
risk of rapid deterioration after even a mild injury is great enough to 
justify almost all patients being under neurosurgical supervision from the 
start [23]. Over 80 per cent of patients admitted to primary surgical wards 
in Britain after head injuries are fully conscious and develop no compli
cations; over 70 per cent are discharged within 48 hours. To take all these 
patients into neurosurgical wards would require almost trebling the num
ber of neurosurgical beds in most parts of the country; and it would im
pose considerable cost and inconvenience on patients and their families 
[24, 25]. 

At the other extreme is the view that the hazards of transportation to a 
regional unit (both the delay and the risk of harmful incidents en route) 
are so great that almost all head-injured patients should be dealt with by 
primary surgeons in the hospital to which they have been initially admit
ted [26, 27]. Most neurosurgeons hold that the most appropriate policy is 
the selective transfer to neurosurgeons of patients considered in need of 
special investigation or treatment, but that leaves scope for varying views 
about selection criteria. 

It ought to be possible to compare the results of management by these 
different methods, if records are regularly kept and analysed. Factors to 
consider would include the rate of occurrence (per 10s population) of 
clearly defined conditions such as compound depressed fracture, and oper
ation for intracranial haematoma, as an indication that the detection rate is 
satisfactory. Population-based rates for head injuries of different severities 
have been published, which provide a basis for comparison [28]. For 
example, a deliberate effort to transfer more head-injured patients to the 
regional unit in Glasgow in 1978 resulted in a doubling of the annual 
number of cases and the number of acute intracranial haematomas requir
ing operation [29]. As there was no evidence that the incidence of head 
injuries in the community had increased, this strongly suggests that the 
neurosurgical service in the earlier period was inadequate. 

The case mortality and morbidity for patients treated in a particular 
hospital service indicates whether undue delays or inadequate management 
are making for sub-optimal results in cases that are recognized. Studies in 
Glasgow prior to 1977 indicated that about half of all deaths after head 
injury in the regional neurosurgical unit had one or more avoidable factors 
contributing to the fatal outcome [30]. Delayed management of intra
cranial haematoma was the most frequent preventable cause of death and 
also of disablement in survivors. This was when about 5 per cent of admit
ted head injuries were being transferred to the regional neurosurgical unit, 
the same as the average for England and Wales. In Merseyside at the same 
time only 1-2 per cent of head injuries were going to neurosurgeons, and 
concern was expressed [31] that some of those who died in primary hos
pitals might have been saved by neurosurgical intervention. 
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CONCLUSIONS 
Patients with any condition should ideally be distributed among specialties 
according to their need, not according to the demands or opinions of doc
tors (whether those sending or receiving the patients). Like all other speci
alists neurosurgeons need to declare explicitly what conditions they con
sider to require their facilities, and also which particular patients with 
each condition they should be consulted about. This will depend on what 
is possible, according to the present state of knowledge and technical 
development; on what is provided, locally and nationally by way of 
resources; and on what is offered, by reason of the bias of interest of 
neurosurgeons, which again has a local and a national component [32]. 
There is need to reach agreement not only among the members of one 
specialty but also between specialties, as to what is appropriate manage
ment in different circumstances. Unless this is done there is likely to be 
both ineffective and inefficient use of regional specialty resources, some 
patients in need of specialist attention being referred too late for optimal 
management (or not sent at all), whilst other patients are unnecessarily 
sent — both those too mildly affected to need special facilities and those 
too badly affected to benefit. Only when neurosurgeons have defined their 
objectives will it be possible to approach the question of the relative ade
quacy of neurosurgical services, whether on the national or local scale. 

It might then be possible also to make a valid comparison between 
Europe and North America. In the USA there is a neurosurgeon per 
75 000 population, in Canada one per 140 000 and in Britain one per 
400 000 [33]. These are so strikingly different that they cannot all be 
'right' in the sense of providing an adequate service by measurable criteria. 
More neurosurgeons should mean that patients who need their services do 
more consistently reach them; and hopefully they see them sooner, which 
might be expected to make for better results from treatment. Thus Drake 
[34] advances the interesting concept that the majority of American 
neurosurgeons form 'what might be called the general practice of neuro-
surgery, which is of great benefit to the community . . . making their skills 
available earlier in the decision-making process rather than later or not at 
all'. 

However, there is another side to this claim. This is the dilution of 
experience that must inevitably result when there are more doctors (of any 
specialty) for a similar disease incidence. In the larger clinics, especially in 
Europe, sub-specialization is becoming more common and should make for 
increased expertise and better care for patients with certain conditions: a 
limited number of centres for a whole country might be justified for less 
common conditions. In North American the opposite commonly occurs 
and there are neurosurgeons doing such a limited number of major pro
cedures for even the commoner conditions that it is reasonable to question 
whether they bring to their patients the expertise of their European 
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colleagues whose personal experience tends to be much greater. Another 
aspect of overprovision of doctors is the tendency for them to over-investi
gate and over-treat the limited number of patients that they do see. 
Nachemson [35] has pointed out that the laminectomy rate (on a popu
lation basis) is as many times greater in the USA and Canada, as in Britain 
or Sweden, by almost exactly the factor by which North American neuro-
surgeons outnumber those in Britain and Sweden. 

Whilst most North American neurosurgeons agree that they are too 
numerous, it would be unwise to assume that they envy their European 
colleagues or their patients. In addition to the general claim that more 
neurosurgeons means better care, consider these statements. Drake [34] 
quotes Ransohoff s claim that 'These community neurosurgeons provide 
the kind of frontline care which is truly not available in other countries, 
or certainly not at the level it is in the US and which the people of the US 
expect'. Criticism of the European pattern of neurosurgery is not only 
implicit; Drake singles out as an example the small proportion of head-
injured patients who reach a neurosurgeon in most of Europe, and com
ments: 'many in North America would be critical of leaving the scourge of 
CNS trauma to others who are not trained deeply in its pathology, ana
tomy and physiology, or its modern treatment'. 

Clearly there is no level of provision that is ideal; and when socio-
economic and cultural settings are as different as they are in Europe and 
North America then comparisons are full of pitfalls. None the less it 
might be better to analyse data as a means of discovering what benefits 
do in fact derive from such very different numbers of neurosurgeons, 
rather than depending on the resonance of rhetoric. 
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Brian Kendall 

2 Recent Advances in Computed 
Tomography 

The comparative safety of computed tomography (CT) and the reliability 
and accuracy which can be achieved using machines with high spatial reso
lution and contrast discrimination have made it an efficient screening test 
for craniocerebral lesions as well as the common primary and sometimes the 
only radiological study necessary for the management of neurosurgical 
diseases. The economic impact of CT is difficult to quantify but it does 
not require hospitalization and it has also reduced the average length of 
preoperative stay by decreasing the necessity for invasive neuroradiological 
studies which are much more expensive per patient than CT. These factors 
more than balance the high initial cost of providing scanners for neuro
science centres and replacing or updating them as significantly more 
efficient machines become available. 

Radiation Dose 
Radiation exposure should be considered in terms of information obtained 
per unit of absorbed dose [1]. Dose efficiency in the solution of a particu
lar problem should be viewed against the knowledge that radiation changes 
are cumulative and that diagnostic radiology is the major source of arti
ficial radiation to the general population. Though plain computed tomo
graphy is generally accepted as a non-invasive technique as far as immedi
ate ill effects are concerned, for a single section the radiation dose varies 
from less than 1 rem to as much as 9 rem measured at the skin. In well-
designed CT machines the radiation is virtually confined by collimation to 
the section of tissue being imaged and there is minimal increase in dosage 
from adjacent sections; in some machines, however, the dose from multiple 
sections is at least double that of a single one. The biological changes in
duced by low doses of absorbed radiation are not manifested for several 
years and are similar to naturally occurring diseases. Nevertheless, it has 
been suggested on the basis of extrapolation from observations on cancer 
induction by higher dose levels that the amount of radiation which may be 
delivered during a five slice CT head scan could possibly carry a risk of 
carcinogenesis as high as 70 per million [2]. Gonad doses from cranial 
scanning are generally negligible, but some years ago figures as high as 
30 mrad have been reported in infants [3]. 

The dose within the direct beam from a single conventional X-ray 
exposure is about 0-2-0-3 rad on the tube side, falling by a large factor on 
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the emergent side. Clearly, the significance of dose depends on the parti
cular tissues in the direct beam and with cranial irradiation the catarracto-
genic effect on the lenses of the eyes makes them the most sensitive struc
tures. The lens dose in scanners which do not utilize a full rotation is much 
reduced when the X-ray beam enters posteriorly; for example, using the 
EMI 5005 in which the tube passes superiorly, the lens dose is reduced by 
a factor of 4-8 in the prone position. 

The total radiation dose involved in examinations requiring multiple 
plain films is the summation of the individual exposures; it is reduced by 
using rare earth intensifying screens and shielding the cornea with lead, but 
it is generally greater than that for computed tomography. In one series 
the dose at the cornea in cerebral angiography reached 35*5 rem (mean 
12-5 rem) [4]. 

Spatial resolution is dependent on the size of the volumes of tissue 
(voxels) in which attenuation values are calculated and which are represen
ted on each picture element (pixel) of the matrix; for example, with pixels 
0-75 X 0-75 mm (0*56 mm2) the voxel size may vary between 4-5 mm3 

and 0-84 mm3 as slice thickness decreasess from 8 mm to 1-5 mm. Density 
discrimination is dependent on signal to noise ratio. It is a fundamental 
physical principle that (density discrimination)2 X (spatial resolution)3 is 
directly proportional to radiation dose for any particular design of scan
ner. The information from a section can be modified by changing any of 
the three factors (cf. Image quality), but if either spatial resolution or den
sity discrimination is improved without loss of the other, radiation dose 
has to be increased in order to keep noise at an acceptable level; the more 
detailed image achieved with slow scan modes is dependent on delivery of 
additional radiation and this should be considered before supplementary 
scans are made merely to obtain images of higher technical quality. 

In summary, CT is so safe an investigation that it should be used when
ever it can make a significant contribution to management, but like all pro
cedures dependent on radiation, it should be directed to the solution of 
problems and not merely to illustrate what is already manifest. Radiation 
is used more efficiently and effectively when the clinical problem has been 
clearly presented; for example, in some cases modified projections may be 
indicated and in others, especially follow-up examinations, only a limited 
number of sections may be required. 

Scanning Time 
When movement occurs during scanning the computer is presented with 
incompatible data and responds by producing streaks on the images which 
are most marked in regions where there are sudden changes in attenuation. 
Generally, it is evident that they are artefacts and either they can be 
ignored or, if necessary, the examination repeated, but occasionally they 
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lead to errors in diagnosis [5]. Head scanning is most seriously affected by 
postural change and, in the case of orbital scanning, eye movements are 
also significant. Respiratory and cardiac movement and peristalsis are of 
relatively greater importance in body scanning, including examination of 
the spinal cord. 

The scan time is a compromise between obtaining many measurements 
of radiation, on which accurate image reconstruction is dependent, and 
speed, in order to decrease the possibility of movement artefact. The 
familiar 'translate-rotate' geometry in the original system had a scanning 
time of AVi minutes and computation time of 7 minutes for the pair of ad
jacent sections from its double detector arrangement. Modification of the 
mechanics and the use of a fan beam which transmits to a bank of detec
tors, thus reducing the numbers of angles from which scanning is neces
sary, have decreased the fast scan time to a minimum of 5-3 seconds 
(Elscint 905); the stability of the translate-rotate mechanism itself is the 
main limiting factor. 

The original arrangement has been replaced by a purely rotational 
motion of the tube around the patient's head. In third generation scanners 
the fan beam is linked to and directed at a bank of detectors, which also 
rotate; this system (e.g. GE 8800), though liable to circular artefacts from 
failure of a single detector, has in practice produced excellent results. In 
fourth generation machines the head lies within a complete circle of 
stationary, closely packed detectors. Though the most expensive, this type 
has the greatest stability and there is less blurring due to scanner motion 
than with any other design. A scan time as low as 2 seconds can be achieved. 
Two types of mechanical arrangement are possible: 

(i) with the tube near the head and the detectors forming a peripheral 
ring; 

(ii) with the detectors in the most efficient location close to the head 
and the tube rotating peripheral to them. In this type (EMI 7070), the 
detector ring tilts (nutates) during rotation to carry the detectors on the 
side of the tube, which are not at that time recording, out of the plane of 
the incident ray. 

The main factor limiting speed with purely rotational mechanisms is the 
time necessary for each detector to be excited by an incident photon and 
to return to the resting state. This is short in compressed xenon gas detec
tors, which have the additional advantages of being thin-walled, which 
allows close packing, and of being stable, but they are under 70 per cent 
efficient in responding to incident X-rays and provide low electronic 
amplification, so that background noise tends to be relatively prominent. 
Solid state scintillation devices are over 90 per cent efficient with a very 
high gain. Previously they were bulky and they are less stable than xenon 
detectors but these defects are being progressively resolved and solid state 
detectors are presently used in most third and fourth generation scanners. 
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Image Quality 
Given the absence of artefact and consistency of image reproduction, scan 
quality is assessed by: 

1. Maximal spatial resolution, which is about 0-5 mm, compared with 
0-2 mm on conventional X-ray film. It depends on matrix size, which is 
ultimately proportional to the closeness of packing of the detectors, and 
on collimator size, which determines the X-ray beam width and section 
depth. 

2. Density discrimination, which should always be better than 0-5 per 
cent (± 5 HU): it is a factor of signal to noise ratio, and values as low as 
0-15 per cent can be achieved with acceptable radiation dosage. 

Even using small voxels it is likely that several tissues of differing attenua
tion will be averaged in the attenuation value of the pixel; this is referred 
to as partial volume effect. 

A trade-off may be made between density discimination and spatial 
resolution which is partly dependent on use of machine soft ware. Thus, 
density discrimination may be increased by filtering in the high frequency 
range which contributes most of the noise [6]. 

High Resolution Sector Scans 
Such scans may be obtained on machines with translate-rotate scan 
systems and are in use on the EMI CT 5005 [7]. In this modification the 
slow transverse speed (72 seconds) and distance are used as in normal opera
tion but the field of interest is limited and the usual number of attenua
tion readings, each utilizing about half of the distance transversed for 
standard resolution, are obtained from the central quadrant. Selected data 
for the attenuation outside this region are used for calibration. The effec
tive pixel size is thus reduced to one-quarter, the voxel now being (0-375)2 

X 5 mm or 0-7 mm3, and the image is magnified. If, in addition, the beam 
width is halved, a higher proportion of any attenuation change will be due 
to the object and less to the background so that resolution will be in
creased. Since radiation exposure is unaltered there must be loss of signal 
to noise ratio of J2, due to halving the beam width, and there is also a loss 
of v/"8 due to high resolution construction of half-size pixels. These factors 
act independently giving effectively a fourfold increase in noise with con
sequent loss of density discrimination. This modification is of value in 
examination of regions of high natural contrast. Thus, in the orbit where 
recognition of minor density differences is of little diagnostic significance, 
the morphological detail which can be achieved by the high contrast be
tween the soft tissues and the orbital fat is of great value in revealing 
details of the morphology of the optic nerve and extraocular muscles and 
frequently shows small vessels (Fig. 2.1) and nerves down to 1 mm dia
meter; equally it allows separation of structures lying very close together, 
which may be crucial in determining suitability for surgical resection. 
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These are advantages, however, of high resolution scanning in general. 
It is achieved directly with the best third and fourth generation machines 
wihout loss of contrast discrimination. In the orbit such facilities have 
made other studies redundant for diagnosis unless a vascular lesion is sus
pected. The small diameter of the orbital apex relative to the thickness of 
the surrounding bone necessitates use of small collimeters to eliminate par
tial volume effects in order to show the optic canal, optic nerve and other 
contents (Fig. 2.2). Because of anatomical variation it is difficult to orien
tate consistently in the axis of the optic nerve so as to include its whole 
length in a very narrow axial section; a section thickness of about 3 mm is 
a reasonable compromise for most purposes in examinations of the whole 
orbit. 

Axial section of the skull base is more easily achieved with CT than 
with the conventional tomography. CT also has the advantage of less radia
tion dose and that, at appropriate electronic windows, both soft tissues 
and bone can be demonstrated, thus revealing the continuity of abnormal 
processes. 

In examination of the ear, high resolution CT with narrow (1-5 mm) 
collimation clearly shows the structures of the bony labyrinth and the 
middle ear cleft, as well as the internal auditory and descending facial 
nerve canals. The individual parts of the ossicles and their ligaments, 
muscles and tendons, the oval window and the tympanic membrane can all 
be recognized; even the crura of the stapes, which are under 1 mm in 
thickness, can be visualized (Fig. 2.3), which has not been achieved by any 
other radiological method [8]. Fractures and dislocations of the ossicles, 
congenital malformations, tumours and cholesteatomas may be revealed. 

The radiation dose at the cornea on axial sections can be as low as 0-75 
rem, about the same as a skull series, but greater than is necessary for a 
carefully controlled hypocycloid poly tomography series; lens dose is 
avoided by using coronal sections, which are technically more satisfactory 
than more anterior sections being on a plane behind the teeth. Poly tomo
graphy, which has higher resolution and has been extremely valuable in the 
examination of this region, inevitably produces low contrast images which 
are degraded by background blurring in which fine detail may be obscured, 
due to the rays traversing the overlying structures. At present, polytomo-
graphy is only superior to CT in showing some very small anatomical 
features, including the round window and vestibular aqueduct and in the 
diagnosis of otosclerosis; it has been replaced by high resolution CT where 
the latter is available. 

Scout Film Facäity 
Several modern scanners can produce a longitudinal image in any desired 
plane on which the attenuation values can be varied electronically to 
demonstrate various tissues. This image is achieved by making a low radia-
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Fig. 2.1. Angiomatous malformation around left optic nerve: (a) just above and (b) 
at the level of the nerve. Tortuous vessels are clearly shown around the whole length 
of the intraorbital part of the optic nerve, separated by orbital fat from the medial 
and lateral rectus muscles. 

Fig. 2.2. Papilloedema of left eye. The right optic nerve is normal; the left is enlarged 
due to distension of the sheath. 
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f# Fig. 2.3. Normal middle ear; high resolution CT. 
The window has been arranged to show 
the stapes to best advantage. 

Fig. 2.4. Glioma of corpus callosum and septum pellucidum. a, Plain scan, b, Same 
section repeated after repositioning following inhalation of 70 per cent xenon for 
20 minutes, c, Same section repeated after intravenous bolus injection of 70 ml Con-
ray 420. d, Subtraction of (a) from (b) using a subtraction window (10 Hounsfield 
units). The xenon has been absorbed into the normal brain tissue, but not into the 
ventricles or most of the tumour, e, Subtraction of(b) from (c). The iodine enhances 
the blood shown in the straight sinus, the regions without a blood-brain barrier, in
cluding the falx cerebri and choroid plexuses and where the blood-brain barrier is 
abnormally permeable due to the tumour. 
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tion dose exposure (100-200 mrad) with a narrowly collimated beam 
while the detectors and tube remain stationary and the couch and patient 
are moved through a chosen distance. A cursor line corresponding to the 
level and axis of the tube and detectors and therefore to the plane of scan
ning can be incorporated in the image, shown on the display console. Thus 
the level of a section can be precisely pre-selected as desired and the plane 
can also be modified by tilting the gantry in scanners which have this addi
tional facility. 

The scout film is valuable in both localizing and recording the position 
of a section and in confirming that the whole of the region of interest has 
been sectioned. It has replaced the various methods of external marking 
[9] which were previously necessary both for prospective and retrospec
tive assessment of position. It facilitates the reproduction of particular 
positions but has its greatest value in situations where the plane and angle 
of scanning are of critical importance for avoiding partial volume effects, 
as for example when CT is used for measurement of the diameters of the 
spinal canal, or the diagnosis of intervertébral disc prolapse and in the 
assessment of small basal masses. 

Arithmetical subtraction of scout films taken before and after intra
venous contrast injection will give a selective image of the vascular struc
tures. This forms the basis of one method of digital angiography, a facet of 
radiology which is rapidly developing practical applications [10]. 

Reproducing Position for Comparative Studies 
Careful standard positioning for CT generally gives images on which com
parison with previous studies may be achieved adequate for clinical pur
poses, such as assessing the progress of a disease over a period of time or 
the degree of enhancement after contrast medium. Recorded scout images 
using the scan facility, with superimposition of the cursor line to mark sec
tions of interest, will aid in particular cases. 

More exact repositioning is essential if the scanner is to be used for pre
cision techniques such as stereotactic surgery or biopsy, or for measuring 
changes of tissue attenuation or for exact integration with other radio-
diagnostic studies. For sterotactic surgery or biopsy an aluminium base 
plate, which clamps on to the scanner aperture and to the appropriate 
mechanical parts of other diagnostic or therapeutic units, is rigidly 
attached to the patient's head, either directly with screws or pins or, pre
ferably, indirectly using an individually made plastic helmet. The base 
plate is then a constant and reproducible reference plane and the coord
inates may be transformed for use in the other units [11]. This method 
allows accuracy within 1 mm in each direction, but is rather too complex 
for routine diagnostic use. 

A simpler method of achieving comparable sections has been described 
[12] in which two television cameras are rigidly fixed to display from 
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standard angles reference marks on the scanner aperture and the position 
of the patient's face. Video disc recordings are made during the initial 
study of positions, which it is necessary to reproduce. These recordings 
can be projected in positive phase on to a television monitor at the time of 
any subsequent study, and live images of the head, projected in the nega
tive phase, can be superimposed. The head is moved until all parts of the 
images are subtracted and is therefore exactly repositioned. 

This method has been proved to be sufficiently precise to produce 
subtractions of plain scans from iodide-enhanced studies (Fig. 2.4), as used 
in the measurement of regional cerebral blood volumes, and from xenon-
enhanced sections, which are valuable with rapid scans, for the measure
ment of regional cerebral blood flow. 

Image Reformatting (Fig. 2.5) 
Images in coronal, sagittal or other planes may be essential for differential 
diagnosis and precise localization of intracranial lesions. They are of great 
value in the elucidation of extra-axial masses showing, for example, the 
amount of extension of a tumour above and below the tentorial edge or 
the deformity of the third ventricle caused by anterior or posterior supra-
sellar or parasellar masses; in the confirmation of subtemporal or high 
convexity subdural haematoma; and in the diagnosis of expansion of the 
brain stem and of cerebellar ectopia. 

The spatial resolution on reformatted images is dependent on the height 
of contiguous voxels; good visualization of thin structures which is neces
sary in the orbit and suprasellar region is only achieved by reformatting 
thin (1-5-2Ό mm) contiguous sections. 

Advantages of Re formatting over Direct Multiplane Imaging 
1. A very wide aperture is necessary to accommodate the head in the 

sagittal position and this is only available on one machine, the Varian. 
Direct sagittal sections are generally only possible in small babies. 

2. To achieve direct coronal sections hyperextension of the cervical 
spine is necessary. This is uncomfortable and, therefore, tends to induce 
patient motion. It may cause compression of the cervical spinal cord by 
spondylosis. 

3. Artefacts due to teeth, especially with fillings, may detract from 
direct coronal images (see Fig. 2.16d). 

4. On reformatted images an individual pixel may be electronically 
marked and identified in any plane so that more exact localization is pos
sible than on direct images. 

Theoretical Disadvantages of Reformatted Images 
1. Narrow interval or thin section overlapping scans increase the time 
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Fig. 2.5. Image reformatting. Pituitary adenoma. Transverse axial sections after intravenous contrast medium, Û, Through enlarged sella 
showing the extension of tumour around the right side of the dorsum into the prepontine cistern, b, Through the chiasmatic cistern showing 
a lobulated suprasellar extension, c, d, Coronal reformatted sections, 3 pixels in thickness, c, Made in plane indicated by double line on sec
tion (e) shows suprasellar extension up to third ventricle, between supraclinoid segment of carotid arteries, d, 2 cm posterior to (c) and 
shows retroclival extension of tumour into cerebello-pontine angle. /, g, Sagittal reformatted sections 3 pixels in thickness. /, Made in plane 
indicated on section (h) and ig), 0-5 cm lateral to it. The relations of the suprasellar and retroclival extensions are well shown. The low den
sity unenhancing anterior half of the intrasellar tumour suggests necrotic or cystic change. 
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and radiation dose necessary for the original examination, but this is 
balanced by excluding the necessity for sectioning in more than one plane. 

2. Computer processing increases the noise inherent in the original 
scans and decreases spatial resolution. 

3. With some systems using thin reformatted images there is consider
able reduction in density discrimination. With most newer soft ware pro
grammes the thickness of the reconstruction can be varied and in this way 
the defect can be overcome. 

In conclusion, the technical difficulties have been mastered and recon
struction programmes are an important routine requirement of a modern 
scanner. 

CT with Contrast Enhancement in Neuroradiology 
Contrast enhancement refers to the administration of a substance for the 
specific purpose of altering X-ray attentuation characteristics. There are 
a variety of elements with suitable attenuating properties including rare 
earths and metals, of which the most effective is erbium (atomic number 
68), but they are completely impractical for clinical use because of rarity 
or expense [13]. 

In clinical practice the substances, which can at present be administered 
in sufficient total mass to be useful at the effective X-ray energies for CT, 
are limited to compounds of iodine by intravascular injection, the rare 
gases xenon and krypton by inhalation and metrizamide, oxygen or air by 
intrathecal injection. 

Intravascular Contrast Media 
Those in common use are hypertonic solutions of the sodium or meglu
mine salts of the monomeric compounds, diatrizoate, metrizoate and 
iothalamate containing three atoms of iodine. They have similar physical 
properties and toxicities. Meglumine salts have a theoretical advantage for 
lesions of the central nervous system in being less neurotoxic than sodium 
salts, which may be significant when the blood-brain barrier is disrupted 
and high concentrations or large quantities are used. 

The large organic molecules to which iodine is linked are confined 
within the normal blood-brain barrier, but elsewhere are distributed im both 
the intra- and extravascular spaces. Intravenously administered contrast 
medium effuses rapidly, over 50 per cent is in the extravascular space in 
under 1 minute [14] and equilibrium is achieved in about 10 minutes. 
Renal clearance is exponential, about 20 per cent being cleared within 5 
minutes [15]. The change in attenuation measured by CT is proportional 
to the total amount of iodine (both intra- and extravascular) contained in 
the voxel and is equivalent to 26 Hounsfield units mg"1 ml"1 of iodine 
concentration at 120 kV [16]. 
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Toxicity 
The significant reactions to contrast media are due to idiosyncrasy and are 
not dose-dependent; they usually occur rapidly after injection and have an 
incidence of 1 in 14 000 with a death rate of 1 in 40 000 [17]. When the 
blood-brain barrier is abnormally permeable seizures may be precipitated 
[18]. For these reasons contrast studies should not be routine, but should 
be performed for clear clinical and/or radiological indications and with 
resuscitation facilities available. 

Minor transient reactions are much more frequent and their incidence 
increases with higher dose rates. They usually abate spontaneously and are 
significant only because of patient discomfort, which may make coopera
tion difficult, but they may require treatment with hydrocortisone or 
antihistamines. With extremely high doses, chemotoxic effects could 
occur. Since enhancement is dose-dependent, a compromise must be made 
between toxicity and expense on the one hand and degree of enhancement 
on the other; most workers have found that between 28 and 42 g of 
iodine, corresponding to 100 or 150 ml containing 280 mg I/ml in adults 
and proportionally less in children, administered as a bolus injection, pro
duces satisfactory results. Drip infusions and biphasic techniques of ad
ministration using the same dose do not produce such intense enhancement 
and are more complex and time-consuming; though it has been claimed 
that minor discomforts are less with these techniques, they are no longer 
recommended. Higher iodide doses may occasionally have diagnostic ad
vantages as, for example, in the detection of extracerebral effusion by ren
dering small vessels on the surface of the hemisphere more evident. 

At the usual time of scanning immediately after the termination of the 
bolus of contrast medium, the blood iodine level is about 4 mg/ml causing 
intravascular enhancement of between 80 and 100 Hounsfield units. At 
this concentration brain vessels down to a diameter of 2 mm can be visual
ized so that the larger cerebral arteries and veins down to a size corre
sponding to the major cortical branches can be shown and the larger 
aneurysms and angiomatous malformations are usually evident. 

The visibility of small lesions is increased by high attenuation differ
ences from adjacent structures. If the particular objective is to get maxi
mum demonstration of the vascular system the intravascular iodine 
concentration at the time of scanning should be as high as possible without 
administering too large a dose of contrast medium. This is best achieved by 
utilizing the first circulation during rapid intravenous injection of a bolus of 
metrizamide, a contrast medium which combines low neurotoxicity with 
the relatively lower osmolality of an ester. It is hyperosmolality which, by 
causing vasodilatation and affecting blood flow, is largely responsible for 
the discomfort experienced with contrast injection and therefore for 
patient movement. Metrizamide is too expensive for routine use but the 
recently introduced monoacid dimers are cheaper and also possess the ad
vantages of low osmolality and neurotoxicity between that of the rnono-
meric media and metrizamide. 
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Fig. 2.6. Scan during rapid bolus injection of sodium iothalamate (420 mg I/ml). 
a, Axial section: the anterior cerebral and the left posterior communicating arteries are 
displaced to the right and the posterior cerebral is displaced posteriorly by a large 
left frontoparietal mass causing tentorial herniation. b, Semicoronal section: normal. 
The supraclinoid carotid and the middle cerebral arteries and some branches are well 
shown. The cavernous sinuses are also evident. 

The scan is commenced after a period corresponding to the arm to 
tongue circulation time (about 10 seconds but measured previously using 
decholin), plus the estimated cerebral circulation time (7 seconds) from 
the beginning of the bolus. The whole of the cerebral circulation is main
tained opacified throughout the scanning time, which must be short (10 
seconds maximum), by making the injection time 7 seconds plus the scan
ning time. A reasonable injection rate is 1200 mg I/second, equivalent to 
4 ml/second with a concentration of 300 mg I/ml. Assuming dilution into 
75 ml of blood per second, this will give a concentration of 16 mg I/ml in 
the cerebral vessels. The enhanced CT sections (Fig. 2.6) 'approach the 
appearances of a specimen injected with Indian ink' [19], and, though CT 
resolution is insufficient for such sections to replace conventional angio-
graphy, they may aid in the diagnosis of aneurysms, vascular malforma
tions and neovascularity; vascular displacements may be recognized and 
variations in the capillary vascularity, reflected in regional changes in brain 
density, allow recognition of under perfusion (infarcì, haematoma, cyst) 
or hyperaemia. 

Heinz et al. [20] utilized rapid intravenous contrast injection followed 
by serial 5-second CT scans with inter-scan times of only 1 second, from 
which the data could be reprocessed to create 12 serial images obtained 
during the 35 seconds immediately following the contrast injection. The 
studies provide high resolution cerebral perfusion images, which are nor
mally symmetrical with respect to the two hemispheres. Blood transit 
time, blood volume and its distribution and abnormal leakage through the 
blood-brain barrier are recognized by constructing iodine wash-out curves. 
In ischaemia due to ipsilateral carotid stenosis delayed and diminished per
fusion is demonstrated. Infarction is associated with absent perfusion and 
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several abnormal perfusion patterns are found in brain tumours. The 
method gives a crude indication of blood flow and it has not yet been 
correlated with established procedures. However, at its present stage of 
development it will show markedly diminished flow and could be useful, 
for example, in immediate preoperative reassessment for significant spasm 
in some cases of subarachnoid haemorrhage already elucidated by 
angiography. 

The blood-brain barrier prevents passage of iodide contrast medium 
into the brain substance and normal cerebral enhancement (about 5 
Hounsfield units) is due to the cerebral blood volume which constitutes 
about 5 per cent of the cerebral mass; when the blood-brain barrier is nor
mal, this enhancement has been used to calculate regional cerebral blood 
volumes [21]. The lack of any similar barrier in the méninges, muscles or in 
the orbital structures allows interstitial extravasation into these tissues 
which, therefore, show considerable enhancement (Fig. 2.4). The vessels 
in many tumours and inflammatory processes as well as neocerebral capil
laries lack a barrier, which mainly accounts for the enhancement in these 
lesions. In many pathological processes, including infarcts, damage to the 
blood-brain barrier occurs which can be diminished by steroids [22] ; the 
associated non-specific enhancement may also be influenced by steroids. 

Aneurysms and large angiomas apart, contrast extravasation is generally 
the main cause of enhancement, and therefore in most cases there is no 
simple relationship between the vascularity found at angiography or sur
gery and the degree of enhancement of a lesion. Delayed scans taken 1 or 
more hours after contrast injection may give some additional information 
about the nature of a lesion. For example, when there is peripheral 
enhancement in solid and microcystic tumours, slow diffusion of the con
trast medium may take place to totally opacify the mass, whereas similar 
enhancement occurring around large cystic or necrotic tumours and 
effusions may progress to dependent layering within the fluid. In regions 
lacking a blood-brain barrier such as the orbit and tissues adjacent to the 
skull base and the spine, the total absence of enhancement within a lesion 
may be significant in suggesting avascularity and, therefore, a cyst, epider-
moid or lipoma. 

When plain CT shows a focal lesion, the intensity and pattern of en
hancement may indicate the likely nature or suggest the probability of a 
cystic or necrotic element which may be amenable to aspiration. Even 
when the diagnosis is evident, CT after contrast medium may still be use
ful, but is obviously contraindicated when it is not going to influence 
management. Examples of the latter include colloid cysts, extracerebral 
effusions, and cerebral malformations with typical plain CT appearances, 
hydrocephalus or atrophies of known aetiology and the follow-up of many 
lesions during therapy. When plain CT is unequivocally negative, enhance
ment is indicated in relatively few circumstances; these include clinical 
probability of an angiomatous malformation or aneurysm unless angio-
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graphy is already planned, some recent ischaemic episodes — for example 
prior to surgical procedures intended to increase blood flow — posterior 
fossa tumours or basal meningitis. 

Xenon Enhancement 
The atoms of xenon (Z54, K-edge 34-6 KeV) and iodine (Z53, K-edge 
33 KeV) absorb similar amounts of X-radiation and cause similar attenua
tion changes on CT scanning, but in other respects they differ radically 
(Fig. 2.4). Xenon is a chemically inert, non-toxic gaseous element, which 
in concentrations greater than 50 per cent induces anaesthesia. It is 
usually administered by an anaesthetist through an endotracheal tube in 70 
per cent concentration with 30 per cent oxygen, and since it is expensive, 
a completely closed circuit is usual. Xenon diffuses freely through the 
blood-brain barrier and it is absorbed into the tissues being 2-3 times 
more soluble in brain tissue than in water and almost twice as soluble in 
white as in grey matter. 

The distribution of xenon and hence the relative enhancement of tissues 
on computed tomograms is influenced by three factors: 

(i) the concentration of xenon, which is maintained constant; 
(ii) the regional blood flow, and 
(iii) the nature of the tissues themselves which determines the partition 

coefficient between the tissues and the blood when equilibrium has 
been achieved. 

Cost apart, xenon is an ideal anaesthetic for computed tomography. 
The enhancement of the cerebral tissue itself is of value in regions where 
contrast discrimination is relatively poor for anatomical reasons, these 
include the spinal cord brain stem. The very low xenon uptake in fluid 
collections such as subdural effusions, isodense haematomas, cystic and 
necrotic areas including the central parts of some infarcts allows delinea
tion of the avascular region and definitive diagnosis of some subdural 
effusions (Fig. 2.7) and cysts [21]. It may occasionally be useful in dis
tinguishing between tumour and recent infarction in which uptake is 
generally lower but may increase with time, but the difference in xenon 
uptake in various tumours has not proved useful in differential diagnosis. 

Using a rapid scanner, curves reflecting the regional cerebral blood flow 
can be constructed from the change in attenuation values on serial CT sec
tions during the time in which xenon is being washed out of the tissues 
[24]. Preliminary plain scans are examined and an appropriate level is 
selected. The patient first breathes 100 per cent pure oxygen for 5 minutes 
in order to wash nitrogen out of the tissues, followed by a sub-anaesthetic 
concentration of xenon (30-50 per cent) in oxygen for 10 minutes 
through a tight-fitting mask from a semi-closed anaesthetic circuit. Scans 
are next taken at the pre-selected level commencing at 10 seconds, then 30 
seconds and at 1 minute intervals for 10 minutes (GE8, 800 scanner). By 
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Fig. 2.7. Isodense subdural effusion, a, Plain scan shows displacement of the ventri
cular system towards the left side with compression of the right lateral ventricle. /?, 
During inhalation of 70 per cent xenon there is enhancement of the brain substance 
but the density of the cerebrospinal fluid and of the fluid in the subdural effusion is 
unchanged and it is, therefore, relatively less dense than the brain substance and ren
dered clearly visible. 

utilizing the first and/or last scan as a mask, the drop in attenuation can be 
plotted from subtraction measurements. A problem with the method 
stems from the relatively small total increase in attenuation (up to 12 
Hounsfield units) caused by the low concentration of xenon; consequently 
the incremental changes during excretion are small. The method is non-
invasive and is capable of showing and localizing anatomically relative 
regional variations in perfusion which could be of value in, for example, 
the assessment and follow-up of patients with cerebral ischaemia being 
studied for external to internal carotid anastomosis. Absolute values of 
regional cerebral blood flow can be obtained by measuring attenuation 
changes in arterial blood withdrawn at the time of the brain scans or from 
measurements of simultaneous end-expiratory xenon concentrations [25]. 

A major advantage of transmission scanning for this type of study is 
easy availability, which contrasts with ECAT scanning using short-lived 
oxygen isotopes which though having the advantage of allowing measure
ments of perfusion, oxygen extraction and utilization will be confined to 
centres possessing cyclotrons. 

Krypton (Z36), being a smaller atom than xenon, causes less enhance
ment. It is not an anaesthetic but often causes patient agitation and is not 
generally useful in CT. 

Cerebrospinal Fluid Enhancement 
When contrast discrimination between soft tissues, including normal neural 
substance, and cerebrospinal fluid is inadequate, it may be increased by 
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metrizamide injected into the spinal theca. In the spine (see below) at 
present computed myelography is most frequently used as an adjunct to 
conventional myelography; sections made at the level of pathology may 
give a more exact demonstration of the size and position of the spinal 
cord, of deformity of the theca and of the degree of compression or 
obstruction (Fig. 2.8). For demonstration of morphological changes 
using CT alone, the dose of metrizamide can be much smaller than for 
conventional studies, with the advantage of reducing the incidence and 
severity of the common minor toxic effects such as headache and 
vomiting. 

Computed water soluble cisternography will show minor degrees of 
brain stem deformity and small extra-axial masses. In the posterior fossa it 
is used to study acoustic neurinomas and epidermoids(Fi£. 2.9) unrevealed 
or incompletely demonstrated by conventional CT. Suprasellar extensions 
of pituitary tumours and optic chiasm gliomas are well shown with suffi
cient contrast differential for detailed reconstruction in other planes. 
Metrizamide cisternography is also useful in distinguishing low density 
within intrasellar pituitary adenomas from an accompanying partly empty 
sella (see Fig. 2.16). It is not necessary for recognition of typical empty sella 
in which the pituitary stalk is shown (Fig. 2.10). 

Fistulas may be accurately outlined provided that leakage is occurring 
at the time of the study and opacified fluid can be pooled along the track. 
After a control CT, which establishes the attenuation of any fluid in the 
region of interest, about 3-5 g of metrizamide is injected in isotonic solu
tion and pooled over the region of the leak. In the usual problem of CSF 
rhinorrhoea or otorrhoea, preliminary CT will show any fluid collected 
in sinuses or middle ear clefts, or abnormal air within the skull (Fig. 2.11). 
Imaging, performed in the prone position with coronal sections, will show 
any opacified fluid within the sella or extending into the sinuses (Fig. 2.12) 
or middle ears. If leakage is not occurring spontaneously it may be possible 
to induce it to demonstrate the fistula. The patient is positioned so that 
metrizamide will pool over the suspected site of leakage and 20 ml of 190 
mg I/ml concentration is infused by lumbar injection until leakage occurs 
or until a pressure of 600 mm H20 is attained [26]. Leaks which are small 
or into large fluid collections such as pleural effusions or from which pool
ing cannot be achieved into a track are better confirmed using isotopes. 

Intrathecal metrizamide may also be useful in the study of non-enhan
cing superficial lesions of about CSF attenuation which could be cystic on 
routine CT. The treatment of arachnoid cysts, especially when they are 
associated with hydrocephalus, may depend on the presence or absence of 
communication with the general subarachnoid space. If the cyst opacified 
simultaneously with the remainder of the subarachnoid space it is con
sidered to be in free communication and may be expected to reduce in size 
with treatment of the hydrocephalus; if the cyst opacified at a relatively 
slower rate it is likely to require direct drainage. 
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Fig. 2.8. CT with intrathecal metrizamide. a, Lower cervical neurofìbroma: the 
tumour has enlarged the left intervertébral foramen and displaced the theca towards 
the right, compressing the cord, b, Thoracic disc protrusion: the protrusion com
presses the left side of the theca and slightly deforms the spinal cord. 

Fig, 2.9. Basal cisterns with intrathecal metrizamide. a, b, c, Epidermoid: adjacent 
coronal CT sections at level of medulla and lower part of tumour. The cisterns 
anterior and lateral to the brain stem are enlarged and show multiple filling defects 
strongly suggesting the nature of the tumour, d, Acoustic neurinoma: the tumour 
causes a smooth, well-defined mass, enlarging the right cerebello-pontine angle cistern. 
The fourth ventricle is slightly displaced and the right side of the floor is elevated. 
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Opacification by metrizamide distinguishes arachnoid cysts from epi-
dermoids and other low attenuation masses (Fig. 2.13). Similarly, cystic 
arachnoiditis following surgery may be distinguished from recurrent 
tumour extending into the subarachnoid space. 

PI 
Fig. 2.10. Empty sella reformatted in (a) coronal and (b) sagittal plane. Cerebro-
spinal fluid from the basal cistern fills the enlarged sella turcica. The pituitary stalk 
(->) traversing the posterior part of the sella distinguishes the condition from a low 
density tumour. 

Fig. 2.11. CSF rhinorrhea. Plain CT (a) at the level of the lateral and third ventricles; 
(b) wide window image at the level of the floor of the anterior fossa. There is air in 
the lateral and third ventricles which are dilated. An aerocoele extends from the 
frontal horn to expand the frontal lobe to a fracture which passes through the right 
frontal sinus. In this case the site of CSF rhinorrhea is evident from plain CT alone. 

Study of CSF Dynamics 
Although RIHSA (molecular weight 69 000) is a much larger molecule than 
metrizamide (molecular weight 789-1), it has been demonstrated that similar 
information about CSF dynamics can be obtained using either [27, 28]. 
RIHSA has certain disadvantages; being radioactive it may give a significant 
amount of radiation to neural tissue if there is a failure of adequate dilution 
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Fig. 2.12. CSF rhinorrhea through the right nostril. Semi-coronal sections passing through suprasellar cisterns and upper part of sphenoidal 
sinus after opacification of CSF by metrizamide. Previous surgery for epidermoid erodes the medial part of the right medial fossa including 
the body of the sphenoid (a). Residual or recurrent epidermoid is present within the right side of the sella (b) and there is depression of the 
adjacent part of the floor. A plug of muscle inserted transnasally into the right sphenoid sinus had failed to stop the leak, and there is 
increased density of the tissue in the upper part of this sinus (c) due to seepage of opacified CSF through its superior wall. ^1 
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Fig. 2.13. Arachnoid cyst. Sections through mid-dorsal spine following metrizamide myelogram. a, Normal 
section below cyst. Dense myodil droplets are from an earlier myelogram. b, Through lower half of cyst, c, 
At maximum diameter of cyst. The cyst is densely opacified. It displaces the spinal cord anteriorly and to the 
left and compresses it. 
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due to the presence of adhesions and it occasionally produces arachnoiditis. 
Gamma detectors have much lower resolution than CT, and when this is 
coupled with superimposition of activity in the ventricles and cisterns, 
there may be difficulty in recognizing the distribution of low concen
trations of isotope unless emission tomography is available. 

Using a fine (22-26) gauge needle, 5 ml of isotonic metrizamide is in
jected into the spinal theca. Usually, with lumbar injection, much of the 
contrast medium is absorbed from the spinal theca and to avoid this the 
medium is run into the lower posterior fossa with the patient supine; out
lining of the fourth ventricle at this stage is advantageous for exclusion of 
obstruction at its outlets. In clear-cut normal cases filling of the cisterns 
and fourth ventricle is present on sections taken at approximately 2 hours; 
by about 5 hours the Sylvian fissures are generally outlined and there may 
be slight reflux into the third and even lateral ventricles. By 12 hours any 
contrast medium in the ventricles should be clearing and contrast medium 
is passing over the cerebral cortex, with some diffusion into the cerebral 
substance; by 24 hours there is little or no residual metrizamide in the ven
tricles and it is clearing from the parasagittal subarachnoid space, though 
some may persist for 36 or even 48 hours especially in the presence of atro
phy and in elderly patients. Those cases of communicating hydrocephalus, 
which are most likely to respond to shunting, tend to have reflux into the 
ventricles with retention over 24 hours sometimes associated with poor 
filling of the fissures and sulci and poor cortical staining. Low attenuation 
may increase or appear in the white matter around the lateral ventricles 
occasionally followed by increased attenuation due to passage of metriza
mide into the same region [29]. The increase in low attenuation suggests 
additional obstruction to normal CSF flow during the study, which may 
be related to transient increase in resistance within the arachnoid 
granulations [30]. 

Communicating hydrocephalus may also be present with less pro
nounced abnormalities or with flow dynamics within the range of normal 
variation and is then less likely to respond to shunt procedures. Cases in 
which distinction between low pressure hydrocephalus and atrophy, causing 
enlargement of the ventricular system with relative sparing of high convex
ity cortical sulci, remains a problem after metrizamide study may require 
further elucidation by transducer monitoring of intracranial pressure. 

Sensory Neural Deafness 
Finely collimated high resolution CT after intravenous contrast medium 
using a fourth generation scanner should detect virtually all small cerebello-
pontine masses (Fig. 2.14). Subtraction of unenhanced from enhanced CT 
scans has revealed the intracanalicular part of some acoustic neurinomas, and 
Shaffer et al. [31 ] have predicted that a scanner with 1 per cent contrast dis
crimination and 1-5 mm collimation will reliably show small tumour s without 
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Fig. 2.14. Acoustic neurinoma. a, Plain CT: widened internal auditory meatus. 
b, With intravenous contrast medium: enhanced mass in the right cerebello-pontine 
angle and within the internal auditory meatus. The tumour is isodense with brain 
and not clearly identified on the plain scan. Removed at surgery, it was 7-5 mm in 
diameter. 
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Fig. 2.15. a, Acoustic neurinoma: the tumour, which projected 0-25 mm from the 
enlarged meatus, was not revealed by plain scan or with intravenous contrast medium. 
Air meatogram shows the tumour projecting from the enlarged meatus into the 
cerebello-pontine angle cistern. The seventh or eighth cranial nerve is visible extending 
between the tumour and the pons. b, Arachnoid cyst of internal auditory canal. The 
cerebello-pontine angle is well filled with air. No air enters the enlarged meatus which 
contains a mass of soft tissue attenuation with a minimally convex margin bulging 
towards the cistern. The seventh or eighth cranial nerve is shown extending from the 
pons towards the meatus. 

the intrathecal contrast medium, which is necessary at present to confirm 
or exclude them. 

Intrathecal Air in Diagnosis of Acoustic Neuroma [32] 
The patient's body is placed at a lateral angle of 45° with the head in the 
lateral decubitus position and 3-5 ml of air are introduced by lumbar punc
ture and directed into the appropriate cerebello-pontine angle. The full 
length of the internal auditory meatus is shown in normal cases and the 
nerves within it are usually visualized. This method may be used to detect 
the very small acoustic neurinomas which have not been revealed by scan
ning after intravenous contrast medium (Fig. 2.15). 
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The Pituitary Gland and Suprasellar Region 
The normal pituitary gland and pituitary microadenomas have been 
studied by Syvertsen et al. [33] using a fourth generation scanner 
(GE 8800). Normal pituitary tissue is homogeneous on CT, nearly isodense 
with brain, and enhances uniformally to approximately the same attenua
tion as the adjacent vessels. The height of the gland is between 2 and 5 
mm in the male and 2 and 7 mm in the female. Its upper surface is flat or 
concave inferiorly. It is situated between the cavernous sinuses, containing 
the cavernous segments of the carotid arteries and having the attenuation 
of fluid blood which is slightly greater than that of brain; these vessels 
enhance homogeneously apart from small defects caused by the third, 
fourth and sixth nerve. 

The shallowness of normal pituitary gland and the central umbilication 
often cause the cerebrospinal fluid in the chiasmatic cistern to be averaged 
with the central part of the gland on axial sections even if small collimeters 
are used. In ideal circumstances, the superior and inferior borders of the 
gland are best studied with coronal and sagittal reformations of thin (1-5 
mm) sections or with coronal sections and the anterior, posterior and 
lateral borders and tumour extensions from them in transverse sections 
(Fig. 2.5). 

Unfortunately with many scanners, especially of the second generation, 
reformatting is inadequate to display the region in sufficient detail and in 
direct coronal or semicoronal sections artefacts may be troublesome. 
These factors are much less critical if metrizamide cisternography is used 
in combination with CT (Fig. 2.16), but this should be necessary in only 
occasional cases if the more efficient machines are used. 

A gland with a superiorly convex upper surface or with a height of 
greater than 9 mm is always abnormal. Most prolactinomas are of lower 
attenuation with absent or less dense enhancement than normal gland 
tissue. Other types of pituitary adenoma show more variation in attenua
tion but are most frequently either isodense with gland or of lower attenua
tion. Enhancement may be greater than, equal to or less than that of 
normal brain. Adenomas as small as 3 mm diameter can be recognized; 
pars intermedia cysts are indistinguishable from non-enhancing adenomas. 

About 25 per cent of pituitary adenomas are associated with a partly 
empty sella and it may be difficult, without re-scanning after metrizamide 
to distinguish between CSF in the sella and a low density adenoma. The 
pituitary stalk is often deviated by an adenoma and outlined within 
an empty sella; when visualized it is a useful distinguishing feature 
(Fig. 2.10). 

It should be noted that although failure of a tumour to enhance may 
indicate a cystic or necrotic component this is not necessarily the case. 
Calcification occurs in only about 5 per cent of pituitary adenomas and 
its presence should raise the possibility of craniopharyngioma or menin-
gioma. Curvilinear peripheral calcification in a high attenuation mass 
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Fig. 2.16. Pituitary adenoma: CT with intrathecal metrizamide. Previously a pituitary 
adenoma had been treated by yttrium implantation. No radiological evidence of a 
recurrence. Axial sections (a) through the pituitary fossa - contrast medium from 
the cisterns enters the upper part of the sella; (b) through the lower part of the supra-
sellar cisterns - optic nerves (v) joined by chiasm in U-shaped image, pituitary stalk 
(-►) and basilar artery (^); (c) just above (b) optic chiasm (-*■►) and tracts forming 
boomerang-shaped image; (d) coronal section. There is a surgical defect in the sellar 
floor below the metallic implant. The normal inferior convexity of the upper border 
of the pituitary is accentuated opposite the implant, presumably due to contraction 
of the gland. Note linear artefacts caused by metallic filling in tooth. 

showing almost total enhancement should suggest the possibility of aneu-
rysm. Dynamic scanning showing similar enhancement of the patent lumen 
and the adjacent arteries may support the diagnosis and there is little 
doubt that in the near future such lesions, and indeed the disposition of 
the vessels in the region of the sella and pathology related to it, will be 
elucidated by digital angiography. A denser periphery with central en
hancement may also suggest a partially thrombosed aneurysm. 

Plain films of the sella are of importance in differential diagnosis of 
sellar and parasellar masses and they should be viewed together with the 
computed tomogram before any further study. 
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The optic chiasm [34] is usually visible in the chiasmatic cistern. On 
lower axial sections it is in continuity with the optic nerves as a U-shaped 
structure; in higher sections it is continuous with the optic tracts and 
appears boomerang-shaped (Fig. 2.16). It is 12-27 mm in transverse dia
meter and 4-9 mm in anteroposterior diameter. In coronal sections the 
chiasm is U-shaped at its junction with the hypothalamus and dumb-bell-
shaped more anteriorly, where the suprachiasmatic cistern is above it; the 
vertical thickness measures 3-6 mm. The normal chiasm is smooth in out
line, isodense with brain and enhances to a similar degree. Optic chiasm 
gliomas increase the anteroposterior and vertical measurements, causing 
rounding of the chiasm. They are often irregular, hyperdense, occasionally 
calcified and frequently enhance. 

Aneurysmal Haemorrhage 

CT is of considerable value in the management of patients presenting as 
apparently primary subarachnoid haemorrhage (SAH). In about 20 per 
cent of cases an unsuspected abnormality is revealed, such as post-traumatic 
changes, extension into cerebrospinal fluid of an intracerebral haematoma 
or haemorrhage from a tumour. Blood is shown in the cisterns in 65 per 
cent [35] to 100 per cent [36] of cases scanned within the first two days 
of SAH, falling rapidly in incidence towards the end of the first week. Fail
ure to demonstrate blood obviously does not exclude SAH at any time, 
but its presence is not only diagnostic; if localized it may be helpful in 
suggesting the site or at least the side of the source of the haemorrhage. 
Localization is more exact in the presence of parenchymal haematomas, 
which are likely to be of aneurysmal origin, only if they extend near the 
circle of Willis. Intraventricular blood is common in the first few days 
after the ictus. 

Low attenuation of ischaemic origin, caused by restriction of blood 
flow due to critical narrowing of arteries in spasm, has been shown in up 
to 21 per cent [37] of carefully studied cases, and acute hydrocephalus is 
demonstrated in 30-60 per cent [38]. Such features, as well as CT evi
dence of recurrent or continuing bleeding or of extracerebral effusion 
occurring before or after surgery, are now essential for the elucidation of 
patient deterioration. 

Contrast enhancement is not necessary if angiography is to be per
formed, but Ghoshhafra et al. [39] have claimed that it is possible by using 
contrast enhancement and overlapping CT sections (EMI 1010 and Acta 
scanners) to detect about three-quarters of the anterior and middle, and 
over one-third of internal carotid aneurysms responsible for subarachnoid 
haemorrhage. The smallest aneurysms shown were 5 mm diameter, though 
aneurysms as large as 15 mm lying close to the skull base or within the 
haematoma could be obscured. 
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Angiomatous Malformations 
The typical CT appearances of angiomatous malformations (AVMs) are 
due to the higher than brain attenuation and more marked enhancement 
of the blood within the enlarged vessels which are shown on section as 
tubular, oval or circular structures sometimes associated with visible 
enlargement of feeding arteries or draining veins. There may be low attenua
tion, due to microcystic changes, in the adjacent brain sometimes accom
panied by atrophy with dilatation of the ipsilateral subarachnoid space and 
ventricle. Mass effect is unusual unless the malformation is very large or 
there has been a recent haemorrhage. Increased attentuation lesions with 
CT features of AVMs may not be confirmed by angiography due to throm
bosis; enhancement is usual, due to persistence of increased permeability of 
the blood-brain barrier. An AVM may also fail to fill on an angiogram if it 
is compressed by clot. 

Enhancement may be seen in neocapillaries in the wall of an absorbing 
spontaneous haematoma or in the brain adjacent to it, but enhancement 
occurring less than a week after the time of haemorrhage is likely to be 
within underlying pathology. 

Angiomatous malformations may present with unusual CT features. 
Following absorption of a haemorrhage a low attenuation cyst may re
main, with the AVM showing as a dense enhancing nodule in the wall [40]. 
Cavernous angiomas may cause a well-defined high attenuation enhancing 
mass and venous angiomas may be suspected from linear enhancement 
within an enlarged vein, which should direct careful attenuation to the 
venous phase of angiograms performed to confirm the lesion. 

The Spine 
The spinal canal and its contents pose exacting problems for computed 
tomography. Beam hardening, due mainly to thick bone, and the inter
mittent nature of the bony column interspersed with intervertébral discs 
and foramina, together with the variable amount of gas and soft tissue 
overlying it, make discrimination between the small structures within the 
canal a severe test of both contrast and spatial resolution, especially when 
there is movement. Short of using general anaesthesia, which is one advan
tage of xenon (see below), even in fully cooperating patients, the tendency 
to artefacts due to respiratory movements and, to a lesser extent, from 
cardiac and vascular pulsation can be abolished only by using machines 
with rapid scanning times. Artefacts in the cervical region due to move
ment of the larynx during swallowing can usually be voluntarily controlled, 
though rapid scanning is advantageous for reducing these also. 

To display the anatomy clearly and to diminish partial volume effects 
thin sections in the transverse axial plane perpendicular to the long axis of 
the spinal canal are optimal. The sections may be made in this axis, but 
this may involve changing position between individual sections in order to 



RECENT ADVANCES IN COMPUTED TOMOGRAPHY 45 

compensate for the spinal curves in both sagittal and coronal planes which 
can only be consistently achieved in units possessing both a scout film-
cursor line facility and a tilting gantry. The teeth, especially if they con
tain fillings, may cause artefacts, which can be avoided only by adopting a 
compromise position to move them out of the plane of section. Alterna
tively, the sections may be made with an unangled gantry and reformatted 
in the axial and if necessary coronal and sagittal planes. 

Bone and paravertebral tissues are well shown by using wide window 
settings, especially with high resolution programmes. The shape and size 
of any part of the spinal canal can be appreciated in the sections perpen
dicular to its long axis. The size of the pedicles and laminae, and the pre
sence and degree of any stenosis of the canal whether due to a congeni-
tally short anteroposterior diameter or to hypertrophiedilaminae encroach
ing on the lateral recesses are better shown by CT than any other method. 

A variable amount of low attenuation epidural fat outlines the outer 
margin of the soft tissue density of the dura; the axillary root pouches can 
also be seen within it extending through the intervertébral foramina [41]. 
In sections through them, the margins of intervertébral discs are shown 
outlined against the epidural fat. 

Though cerebrospinal fluid is of lower attenuation than the spinal cord 
and dura, these structures can be consistently resolved on plain scans, even 
using rapid high resolution machines, only when the subarachnoid space is 
more than 2 mm wide [42]. With the CT 5005 high resolution programme, 
the spinal cord is visible on plain sections in the upper cervical region 
where the subarachnoid space is widest, in about 50 per cent of patients, 
decreasing to about 20 per cent at C7 level; it has been shown [43] that 
special programmes for data filtering and addition of multiple sections 
taken at the same level give more consistent visualization, at least in the 
cervical region, though at the expense of an increased dose of radiation. 

The grey and white matter of the cord cannot at present be distinguished 
and the normal cord substance appears homogeneous. 

Ideal information for management of a lesion affecting the contents of 
the spinal canal is a longitudinal image together with selected horizontal 
sections at known levels. Presently the CT facilities available in many 
centres are best used for further examination of lesions which have been 
localized by conventional radiology or isotope study, though there are 
exceptions. 

Spinal CT without intrathecal contrast medium has practical applica
tion in several conditions. These include: 

Spinal Trauma [44] 
Vertical fractures of the bodies and fractures of the vertebral arches, many 
of which are not evident on conventional films, are well shown. Hori
zontal fractures, however, are only visualized with coronal or sagittal 
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reconstruction techniques. The relationships of displaced bone and bullet 
fragments are usually better appreciated than with conventional radio
logy and tomography [45]. Soft tissue abnormalities, such as herniated 
discs and haematomas within the spinal canal, may also be visualized. 
When they are of high attenuation, haematomas may be specifically recog
nized [46]. Loss of intraspinal tissue planes may preclude distinction 
between cord swelling and extrinsic compression; this can be resolved by 
metrizamide CT. 

CT in conjunction with plain films has therefore substantial advantages 
over conventional tomography which CT should replace. Metrizamide CT 
is a useful supplement in both acute and chronic trauma. 

Erosion, Destruction and Sclerosis of Bone (Fig. 2.17) 
Visualization of a continuous soft tissue swelling encroaching on the epi
dural fat or extending into the paravertebral region gives a valuable overall 
view of the extent and relationships of the pathology. However, details of 
trabecular structure, periosteal bone formation and the degree of disc nar
rowing, which may be helpful in recognizing the nature of some types of 
pathology, are generally well appreciated on plain X-rays and conventional 
tomograms; the studies are complementary. 

Spinal Canal Stenosis 
Developmental short-pedicle stenosis has been mentioned and can be 
quantified. The degree of narrowing due to disc bulging or prolapse and 
osteophytes from the margins of discs or apophyseal joints can be appre
ciated relative to the original dimensions of the canal (Fig. 2.18). Facet 
hypertrophy, periarticular calcification, subchondral irregularity and ero
sions indicating osteoarthritis of the apophyseal joints are clearly shown 
on high resolution CT [47]. Stenosis of the lateral recess by superior 
articular facet enlargement and of the more central type, caused by in
ferior facet enlargement, as well as post-traumatic, spondylo-listhetic and 
post-surgical stenosis are well demonstrated. The precise detail revealed on 
CT is useful for planning the surgery and judging its effectiveness. 

Prolapsed Intervertébral Disc (Fig. 2.19) 
A focal protrusion of the disc margin may be shown encroaching into epi
dural fat, displacing the dura, or into an intervertébral foramen displacing 
or occluding an axillary root sheath. Partially calcified discs are more 
easily visualized. If a prolapse corresponding to clinical features is identi
fied, myelography is unnecessary [48]. Also, lateral prolapses, causing a 
soft tissue mass in the lateral part of the intravertebral foramen or ad
jacent paraspinal tissues, and L5/S1 discs extending into wide epidural fat 
and not reaching the dura will not be shown on myelograms. 



RECENT ADVANCES IN COMPUTED TOMOGRAPHY 47 

Fig. 2.17. a, Myeloma: there is destruction of the right side and posterior half of the 
body and the right pedicle and also partial destruction of the right lamina of the sixth 
dorsal vertebra. The tumour causes a small right paravertebral mass and extends into 
the spinal canal but the theca and its contents are not visible separately from the 
tumour mass, b, Hydatid disease: CT section with intrathecal metrizamide. There are 
multiple paravertebral hydatid cysts. These are causing partial destruction of the 
body of the third dorsal vertebra, more extensive on the right side, and of the ad
jacent parts of the right ribs. There is angular kyphosis at the level of destruction 
which is causing the asymmetrical appearance of the metrizamide in the theca due to 
partial volume effect. The low density in the right side of the theca is an artefact due 
to computer overshoot associated with residual myodil from a previous study. 

Fig. 2.18. Spinal stenosis: CT with intrathecal metrizamide. The sagittal diameter of 
the spinal canal is development ally small. The spinal cord is deformed by a small 
osteophyte on the posterior border of the 4th cervical body. 
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Fig. 2.19. a, L5-S1 disc prolapse to right side. The prolapse (*) displaces the epidural 
fat and occludes the right SI nerve root sheath. Left SI nerve root sheath (-+). 
b, c, L4-5 disc protrusion and osteroarthritis of apophyseal joints: b, At level of end 
plate of vertebral body: (->) SchmorFs nodes: (>) disc margin, c, Through disc. 
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Dysraphism [49] 
Any bony deformity (Fig. 2.20) is evident and associated congenital 
tumours such as intra- or extra-thecal lipoma and dermoid may be recog
nized by low attenuation readings. The size and shape of the spinal cord is 
also shown in some cases and the small divided cord segments in diastemato-
myelia can be distinguished from the normal-sized twin cords of the rare 
condition diplomyelia [50], but details of intrathecal abnormalities includ
ing the level of the conus medullaris and the origin and course of the 
nerve roots will generally require intrathecal metrizamide to elucidate [51]. 

Lesions which differ markedly in attenuation from the normal intra-
spinal contents can be recognized, even when the normal structures cannot 
be resolved. Included among these are high attenuation in meningiomas 
(Fig. 2.21), some of which are calcified, and in haematomas; very low 
attenuation in lipomas [52] (Fig. 2.22)\ and cerebrospinal fluid attenua
tion within the spinal cord substance as in syringo- or hydromyelia (Fig. 
2.23). Using a high resolution system on a CT 5005 scanner. Bonafé et al. 
[53] demonstrated cavitation in the cervical cord in each case of a series 
of 32 patients with syringomyelia. The cord was enlarged and rounded 
(10 cases), flattened in its anteroposterior diameter and lying posteriorly 
in the spinal canal (13 cases), atrophie and small throughout the cervical 
region (5 cases) or of normal diameter (4 cases). As the authors point out, 
in the latter cases the cord appears normal on conventional positive con
trast myelography. In these cases associated cerebellar ectopia was iden
tified in only 50 per cent of those in which the cervico-cranial junction 
was examined. Since surgery is dependent on the condition of the cranio-
cervical junction intrathecal metrizamide is necessary if the tonsils are not 
shown to be ectopie on plain CT. 

The diagnosis of intramedullary tumours by CT has been much less suc
cessful. The diminution of the subarachnoid space by cord swelling and 
the fact that most gliomas of the cord are of similar density to the cord 
itself renders most of them undetectable. However, regions of low density 
have been described in some and of high density in others [54]. Enhance
ment with intravenous contrast medium may reveal haemangioblastomas 
[55], astrocytomas [56] and large angiomatous malformations [57]. 
Meningiomas and neurofibromas also enhance with intravenous contrast 
media. The recognition of intramedullary cysts in association with 
tumours, which is important in management, is possible with CT in some 
but not all cases [58] since some cysts are isodense with the cord and low 
density regions are not necessarily cystic. 

Low density has been recorded within the cord in one case of acute 
demyelination with multiple sclerosis [59]. In several other patients 
examined the findings have been normal. 

Xenon Enhancement 
Xenon inhalation considerably increases the attenuation of normal cord 



Fig. 2.20. Diastematomyelia: 
a central sagittal bony spur completely divides 
the upper lumbar theca. 

o 

Fig. 2.21. Meningioma, lower dorsal spine: three adjacent sections. The tumour, which is of high density, lies anteriorly, displacing the 
theca posteriorly. In the upper section (a) the tumour fills half of the spinal canal; in the middle section (b), more than three-quarters; and in 
the lower section (c) it almost fills the canal, compressing the theca and its contents to a low density crescent posterior to it. 
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Fig. 2.22. Lipoma, axial sections at level of axis (a) and C3 (b). Coronal section (c). The lipoma is of low 
density (-30 H). It is partly within the theca, extruding from the posterior aspect of the spinal cord, and 
partly extradural, extending through the second cervical intervertébral foramina. There is considerable 
enlargement of the spinal canal. 

Fig. 2.23. Syringomyelia. The spinal cord is only slightly enlarged. Its substance 
higher density than the surrounding cerebrospinal fluid and the central syrinx. 
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Fig. 2.24. Syringomyelia: scan with xenon 
inhalation. The xenon enhances the cord 
substance and increases the difference in 
density between it and the cerebrospinal fluid. 
The syrinx, which has a bilocular 
configuration, is clearly shown. 

Fig. 2.25. Diastematomyelia in the lower 
dorsal region. CT scan with intrathecal 
metrizamide. The spinal canal is enlarged and 
the cord is divided into two almost equal 
parts by the subarachnoid space between them. 
No bony spur was present. 

Fig. 2.26. Post-traumatic cyst of the dorsal and cervical 
segments of spinal cord, a, Metrizamide myelogram. 
There is swelling of the lower cervical and dorsal cord. 
b, CT 1 hour after myelogram: expanded cord outlined in 
opacified subarachnoid space, c, Eight hours after 
intrathecal injection of metrizamide: the syrinx is outlined 
by the contrast medium and is now denser than the 
subarachnoid space. 
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substance. It may be of particular value in the detection of low attenua
tion avascular lesions including syringo/hydromyelia (Fig. 2.24) and cysts 
associated with tumours [60]. 

Computed Myelography 
On plain scans, it may be difficult and sometimes impossible to show 
details of the structures within the spinal subarachnoid space. This is parti
cularly so when the space is narrow, whether as a normal variation or due 
to a pathological process. The anatomy is much more clearly shown after 
intrathecal injection of a low concentration of metrizamide. The spinal 
cord and the nerve roots in all regions are then delineated (Fig. 2.25), cord 
atrophy and swelling, small masses and even minor irregularities are 
outlined. 

In syringo- or hydromyelia, the variation in the contour of the cord 
with posture, consisting of flattening of the uppermost surface has been 
demonstrated; opacification of those syringo/hydromyelic cavities, which 
are enlarging the cord, occurs within 6 hours and is generally relatively 
more intense by 12 hours [61] (Fig. 2.26). Intrathecal metrizamide pene
trates into cord substance [62] ; it is not generally possible to determine 
whether filling of a syrinx has occurred through the cord substance or 
directly from the subarachnoid space. The cerebellar tonsils are well shown 
by coronal scanning or by reformatting. 

Since computed myelography involves spinal puncture, it is generally 
used as an adjunct to conventional metrizamide myelography. The display 
of a lesion in transverse section often gives a clear indication of its relation 
to and effects on the spinal contents. An apparently complete obstruction 
on conventional myelography may allow sufficient metrizamide to extend 
past it for assessment by CT and an additional puncture may thus be 
avoided in some cases. 

If computed myelography is performed as an elective procedure using a 
low concentration of metrizamide, longitudinal images obtained with the 
scout film facility are a valuable supplement to the scan images and in 
favourable circumstances may replace conventional myelography. 

Computed Endomyelography 
A well-defined, low attenuation, intramedullary lesion on plain CT suggest
ing the probability of a cyst or syrinx, may be punctured with a fine 
needle and a specimen of fluid replaced by a smaller volume of metriza
mide. The appearance of the fluid and the contour of the cyst shown on 
conventional films may indicate the nature of the pathology [63]. Narrow 
extensions, containing concentrations of metrizamide too low to be 
visible on conventional films, may be shown on CT. 

The method is only very rarely necessary for diagnosis, but it can be 
useful in two situations. First, to demonstrate extension of a syrinx into 
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the filum terminale which may be significant if division of the filum for 
treatment of the syrinx is under consideration and secondly, in long ex
pansions of the cord caused by a tumour combined with a cyst, where the 
surgeon desires to remove or biopsy the former and drain the latter through 
a short laminectomy. Endomyelography gives the essential localizing 
information but CT provides supplementary detail in the transverse axis. 
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M. J. G. Harrison 

V ^ Carotid Endarterectomy 

This is an appropriate time to review the role of carotid endarterectomy 
in the overall management of cerebrovascular disease. The newer extra-
cranial-intracranial bypass procedure (Chapter 4) is being carried out with 
increasing frequency, and antiplatelet drugs have been shown to be at least 
partially successful in the prevention of stroke. It is pertinent therefore to 
re-examine the rationale for carotid endarterectomy, and to reconsider the 
pros and cons of the procedure in the light of the natural history of stroke 
disease, and the success of the rival treatments. 

RATIONALE 
If a large percentage of strokes are due to carotid stenosis, then endar
terectomy should logically be an effective preventive measure. It will be 
necessary to review the evidence that arteriosclerotic disease of the inter
nal carotid artery in the neck can be the cause of cerebral infarction. 

Lhermitte et al. [1] studied 122 cases of cerebral infarction in the terri
tory of the middle cerebral artery. In 56 cases the cause of the infarct was 
occlusion of the internal carotid artery. In 6 of these instances the carotid 
was obstructed by a cardiac embolus, but in the others the occlusion was 
due to local thrombosis superimposed on atheromatous stenosis. Forty per 
cent of the middle cerebral territory infarcts were thus attributable to 
thrombosis of a previously stenosed carotid artery. Another 40 per cent of 
the infarcts were due to occlusion of the middle cerebral artery itself. 
These more distal occlusions were nearly always embolie. The source of 
the embolie material was shown to have been a stenotic carotid lesion in 
6 per cent. Carotid disease was thus the demonstrable cause of 46 per cent 
of the infarcts in the middle cerebral artery territory. 

When one turns to studies of unselected strokes, the role of carotid 
disease is less striking. Thus carotid occlusion in the neck accounted for 14 
of the 80 cases of cerebral infarction in Jorgensen and Torvik's community 
hospital autopsy survey [2]. Angiographie studies also give a figure of 
approximately 20 per cent for carotid occlusion [3,4] . Some 50 per cent 
of all strokes due to cerebral infarction are believed to be due to cardiac 
embolism [2, 5] , and perhaps 10 per cent are due to embolism from the 
aorta [6]. The role of carotid stenosis without occlusion is less certain, 
being seen in many patients without cerebral infarcts [7], but as we have 
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Fig. 3.1. Example of middle cerebral occlusion due to embolism from the internal 
carotid artery, a, Angiographie demonstration of middle cerebral occlusion, b, From 
neck films of same study: thrombus in the post-stenotic segment of the internal 
carotid artery. 
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Fig. 3.2. Ulcerative lesion of internal carotid artery at bifurcation. There is also 
narrowing of the origin of the external carotid artery. 

seen in Lhermitte's careful study, embolie occlusion of the middle cere
bral artery may occasionally originate in disease at the carotid bifurcation 
[1] (Fig. 3.1). 

A further finding of the French study was that the stenosis underlying 
carotid thrombosis was usually severe [8], commonly 75 per cent or more. 
This suggests that it is the severely stenosed vessel that is most at risk from 
thrombosis. There are two possible reasons for this. First, such stenosed 
lesions are usually ulcerated [9], the ulcerated area being a nidus for 
thrombus formation. Secondly, stenoses over 65 per cent cause a pressure 
gradient and at 80 per cent or so cause a reduction in mean flow [10]. 
This haemodynamic effect would also be expected to favour propagation 
of local thrombus where the stenosis is tight. 

Angiographie evidence of intracranial embolism is twice as frequent 
in the presence of ulcération of the carotid lesion [11, 12]. Stenotic 
lesions that have no effect on pressure or flow in the vessel may thus 
be important to the development of stroke if they are a source of embolism 
due to the presence of ulcération (Fig. 3.2). 

The rationale for carotid endarterectomy in the prevention of stroke is 
thus principally to remove a stenosis that might otherwise thrombose, 
and to remove an ulcerated lesion that might be the source of embolie 
occlusion of intracranial vessels such as the middle cerebral artery. 
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DETECTION OF CAROTID STENOSIS 
Clearly the presence of stenotic disease of the internal carotid artery or a 
source of embolism at the bifurcation needs to be detected before the 
occurrence of stroke if carotid endarterectomy is to be preventive. 

Clinical Features 
Although the association of apoplexy with carotid disease was known in 
the last century [13, 14], detailed clinical studies were only carried out 
in the 1950s [15, 16]. These showed that some 50 per cent of patients 
suffering a stroke due to carotid occlusion had had preceding symptoms of 
transient cerebral ischaemia in the territory of the same vessel. It was thus 
realized that patients at risk of carotid occlusion could sometimes be 
detected clinically. Attention then focused on the transient ischaemic 
attack (TIA) as a marker of the stroke-prone patient. 

That TIAs are associated with a high stroke risk is clear from natural 
history studies. That carried out in Rochester for example [17] revealed 
that 35 per cent of TIA patients went on to a completed stroke in 5 years, 
contrasting with a 5 per cent risk in the rest of the community. While the 
increased risk is striking, it is sometimes forgotten that 65 per cent of such 
patients will not suffer a major stroke in the next 5 years, that those at 
risk cannot be separately distinguished [18], and that the major mortality 
is cardiac [ 17]. Fifty per cent of the strokes that do occur in TIA patients 
do so within the first year, 17 per cent in the first month. Any preventive 
measure, such as endarterectomy, must therefore be considered promptly 
after the onset of TIAs. 

Unfortunately for the early detection of carotid disease, only 10 per 
cent of stroke victims in the community have such a TIA. This figure rises 
in the case of patients seen in hospital but is still only 30 per cent [19]. 
Also, not all TIAs are due to the same mechanism [20]. Many have causes 
unrelated to atheroma of neck vessels, such as anaemia, polycythaemia, 
hypoglycaemia, migraine, angioma, aneurysm, subdural haematoma, cere
bral tumour etc. Cardiac dysrhythmia, though frequently detected in 
patients with TIAs [21], is rarely causally related to symptoms of focal 
cerebral ischaemia [22]. The rare combination of a cardiac dysrhythmia, 
affecting cardiac output, and a haemodynamically severe carotid stenosis 
can cause focal symptoms, and indeed this was the situation in the first 
successful carotid reconstruction [23]. Postoperatively the patient still 
had cardiac irregularities but with the relief of carotid stenosis these no 
longer caused retinal and hemisphere symptoms. 

The majority of TIA patients have neck vessel disease. The ipsilateral 
carotid artery shows ulcération, stenosis or occlusion in up to 80 per 
cent of patients with TIAs in the retina (amaurosis fugax) or hemisphere 
when these other causes have been eliminated [12]. In a study of over 
200 patients with carotid territory TIAs, Harrison and Marshall [24] 
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found 60 per cent to have atheroma of the carotid though less than 1 in 3 
had an operable lesion. Eisenberg found 64 per cent to have a stenotic 
lesion [25] whilst Wilson and Ross Russell found 30 per cent of patients 
with amaurosis fugax to have an operable stenosis [26]. 

Thus no more than half of all strokes can be shown to be due to carotid 
disease and less than half of these have a preceding TIA. If TIA patients 
are investigated for the presence of stenosis 50-60 per cent will have such 
atheromatous lesions but only 1 in 3 may have an operable stenosis. It is 
against this background that carotid endarterectomy was developed for the 
treatment of recurrent TIAs and the prevention of stroke. 

Asymptomatic Carotid Disease 
More recently the possibility of detecting asymptomatic carotid stenosis has 
been pursued in an attempt to increase the number of patients that could 
be offered preventive surgical treatment. As angiography is invasive and 
has associated morbidity and mortality, non-invasive methods have been 
increasingly investigated [27-30] for use in asymptomatic individuals [31]. 

Carotid Bruits 
The presence of a bruit over the carotid bifurcation has long been known 
to be associated with the presence of angiographie ally confirmed vessel 
wall disease [24]. Experimental study shows that a 40 per cent area reduc
tion causes a bruit but no pressure gradient, a 60 percent area reduction pro
duces a pansystolic murmur and a reduction in peak systolic flow. A 70 
per cent area reduction causes a bruit that extends into diastole and a 
reduced mean blood flow. There may be no bruit with extreme stenosis 
and in the presence of occlusion there is no bruit and heart sounds are not 
conducted up the vessel [32]. The quantitative assessment of bruits in 
patients also being investigated by angiography has shown that the assess
ment of the residual lumen compares well [33]. Difficulties arise when the 
external carotid artery is stenosed and is the source of a bruit, when the 
internal carotid artery is occluded and when a bruit is conducted into the 
internal carotid artery from the heart, aorta, innominate or common caro
tid vessel. Severe stenosis may be missed by carotid phonangiography as 
may lesions with less than 35 per cent stenosis. Ulcerated lesions causing 
no flow abnormality will similarly cause no bruit. A bruit may, however, 
alert the physician to a stenotic lesion of 40-50 per cent that will be causing 
no pressure drop and therefore be undetected by other flow-dependent non-
invasive screening tests. 

Doppler Flow Studies 
The flow in the supra-orbital artery is influenced by the development of 
collateral channels if there is a haemodynamically significant stenosis or 
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occlusion of the internal carotid artery. The direction of flow is monitored 
by a small directional Doppler instrument at rest and in some versions of 
the technique, it is monitored also in response to manual compression of 
the superficial temporal, facial and carotid arteries. A normal result has no 
significance; any abnormality of flow pattern has a 90 per cent chance of 
being associated with occlusion or a stenosis of 75 per cent or more. 
Stenoses that might be clinically important but do not reduce internal 
carotid artery pressures, and ulcerated non-stenotic lesions, will be missed. 

Isotope Scanning 
Rapid sequence scintiphotography and rectilinear scanning after " T c m 

injection were assessed in TI A patients by Yuson and Toole in 1976 [34]. 
In patients with an occluded carotid, the rapid sequence scintiphotography 
proved reliable when positive. There were many false negatives, however 
(6 of 17). There were fewer abnormalities in patients with stenotic lesions 
but there were no false positives. When combined with bruit evaluation 
and ophthalmodynamometry the chances of detecting an abnormality in 
carotid occlusion were very high. Some abnormality was present in all but 
4 patients with stenotic disease but angiography was still necessary to 
assess suitability for surgery. 

Ocular Plethysmography 
In one technique the pulse waveform recorded from the two eyes is dis
played simultaneously. It represents the change in ocular volume with pul
satile arterial blood flow. A haemodynamically significant stenosis causes a 
delay of the waveform over the ipsilateral eye. A flow reduction of 40 per 
cent detected by this method corresponds with a 70 per cent angiographie 
stenosis [35]. There are difficulties if there is bilateral disease; occlusion 
cannot always be distinguished from tight stenosis, and stenosis of less 
than 50 per cent is probably not detectable. 

In another technique devised by Gee, ophthalmic artery pressure is 
measured as ocular pulsations return, after a negative pressure applied to 
the eye is slowly reduced. McDonald's group [36] have recently compared 
both techniques and found the Gee method superior for stenosis over 60 
per cent. 

Oculoplethysmography methods currently represent the most reliable 
of the non-invasive techniques for the detection of severe stenosis [37]. 

Ultrasonic Angiography 
The use of pulsed ultrasound and B mode scanning promises to overcome 
many of the difficulties of other non-invasive methods. Thus a plaque 



CAROTID ENDARTERECTOMY 63 

causing 20-30 per cent encroachment on the lumen may be detectable. 
At present these techniques are still in the stage of development. Calci
fication of plaques and difficulties in identifying the internal and exter
nal carotid artery cause technical problems, but views of the carotid 
bifurcation in three planes are theoretically possible [37]. 

Combined Techniques 
Haemodynamically significant lesions can be detected by oculoplethys-
mography, phonangiography and supra-orbital Doppler measurements. 
Lesions of less than 50 per cent stenosis are difficult to detect though 
some will be associated with a bruit and may be visualized by ultrasound 
scanning. Ulcerated lesions with little encroachment on the lumen will 
be missed by all the non-invasive tests. Occlusion and tight stenosis cannot 
always be distinguished. If surgery is contemplated, angiography remains 
obligatory to visualize the atheromatous lesion. 

Angiography 
For symptomatic (TIA) patients angiography is indicated to detect and 
define the extent of carotid arterial disease. The highest yields are in 
patients with both retinal and hemisphere attacks, and in those with a 
cervical bruit [20, 38]. Patients with brief attacks are more likely to have 
stenosis than those with symptoms lasting more than 1 hour [39]. Eisen-
berg found a stenotic lesion of the relevant carotid artery in 64 per cent, 
occlusion in 17 per cent and ulcération without stenosis in 7 per cent of 
cases. Over 50 per cent stenosis was present in 34 per cent (Fig. 3.3) [25]. 

In the case of amaurosis fugax the highest yield is in individuals over 
the age of 50 with hypertension, peripheral vascular disease, associated 
hemisphere symptoms and a bruit. Normal angiograms are rare in such 
instances [26]. 

Overall the yield of operable lesions in the presence of carotid territory 
TIAs is, however, under 50 per cent [24, 26]. 

Although thrombus is present in over half the cases subjected to surgery 
[40], angiographie visualization of thrombi in the lumen of the internal 
carotid artery above a stenotic lesion is rare [41] (Fig. 3.4). Ulcération 
of the stenotic lesion is detected in approximately half [42], though 
operative findings [9] suggest this too is a significant underestimate 
(Fig. 3.5). 

The complications of angiography include a mortality rate which is, 
however, less than 0*5 per cent [30], and persisting cerebral complications 
occur in from 0*5 to 2*5 per cent; patients with severe stenosis and more 
frequent TIAs appear to be at greater risk [43]. The difference between 
carotid puncture, brachial and catheter techniques does not seem marked 
though there are arguments against carotid puncture in this situation. 



64 TOPICAL REVIEWS IN NEUROSURGERY 

Fig. 3.3. Example of severe stenosis of the internal carotid artery in a patient with 
transient ischaemic attacks. (Reproduced from Ross Russell R. W. (ed.) (1976) 
Cerebral Arterial Disease, by kind permission of Churchill Livingstone.) 

Fig. 3.4. Thrombus visualized in post-stenotic segment of internal carotid artery, 
in a patient with transient ischaemic attacks. 
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Fig. 3.5. Ulcerated wall lesion shown by retained contrast medium in crater. 

Thus, complications attend subintimai injections and up to 25 per cent of 
cases in one study had a local haematoma [29], which can interfere with 
subsequent surgery, 

Arch angiography is probably attended by a greater risk [30, 31], and 
often does not give adequate detail of the carotid bifurcation. The patency 
of the other main cervical vessels and adequacy of the circle of Willis, both 
factors in the genesis of cerebral infarction [44], may need to be assessed 
angiographically, however, before surgery can be planned. The risks of 
angiography must be added to the risks of surgery when judging the advisa
bility of the surgical procedure. 

The accuracy of angiography has been assessed at surgery [45] and in 
post-mortem studies [46]. With stenotic lesions the agreement is high 
(90 per cent for stenosis over 50 per cent). If ulcération is visible angio
graphically it is almost always, though not invariably, confirmed at surgery 
or dissection [47]. Most patients with marked stenosis have ulcération 
even though it is often not detected angiographically. Most difficulties 
attend the interpretation of lesions causing less than 50 per cent stenosis 
[30] and depend on the presence or absence of ulcération in non-stenotic 
lesions. Here the accuracy can fall to below 50 per cent [42,46]. 
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Asymptomatic Carotid Disease 
The high risk of stroke in patients with TIAs provides a clear rationale for 
the correction of symptomatic carotid stenosis and prompts investigation 
by angiography. Clinical examination including auscultation for bruits, and 
non-invasive investigation of patients with vascular disease in other terri
tories, reveals individuals with asymptomatic lesions of the internal carotid 
artery. Are these too associated with an increased stroke risk, and there
fore to be considered for angiography and endarterectomy? 

Angiographie studies show that asymptomatic vessels investigated 
because of a bruit have less severe stenotic disease than symptomatic cases 
[12]. Serial angiography, however, suggests that the degree of stenosis is 
likely to progress in over 50 per cent of carotid arteries affected by local athe-
roma [47]. The greatest increases in stenosis are seen in patients with a 
bruit, in hypertensives and in those with most severe stenosis in the first 
place. These pointers could perhaps be used to select lesions most likely 
to progress towards a level of stenosis that might then be complicated by 
occlusion. 

The clinical follow-up of asymptomatic carotid atheroma however 
suggests that the actual risk of stroke is relatively small. 

Johnson et al. [48] followed up 103 carotid endarterectomy survivors 
for up to 4 years to see what had happened to the unoperated but also 
diseased second side. No strokes had occurred on the unoperated side (3 
had occurred on the operated side), only 3 patients had developed TIAs 
and only 3 had come to further surgery. This benign behaviour of the 
second side applied equally to cases with contralateral occlusion, and to 
22 patients with over 50 per cent stenosis. 

Prospective epidemiologie al studies give a somewhat less benign look 
to the fate of patients with an asymptomatic carotid bruit. Wolf et al. 
[49] followed 245 such subjects from the Framingham cohort. Two 
developed TIAs and 16 had strokes. Six of the strokes were unrelated to 
neck vessel disease, and more often than not the thrombotic stroke related 
to a different vascular territory. We must assume therefore that less than 6 
strokes occurred in the 245 subjects on the side of their bruit. Though the 
bruit could be shown to make an independent contribution to stroke risk, 
the effect seems small. 

In patients likely to sustain a period of hypotension, for example 
during coronary bypass or other major surgery, a haemodynamically signi
ficant carotid stenosis could cause hemisphere ischaemia or infarction, even 
without occlusion. It has been argued that in such patients there is a parti
cular need to detect tight carotid stenosis. As we have seen, non-invasive 
methods especially in combination can do this with perhaps 90 per cent 
accuracy [37, 50], though angiography would be needed before end
arterectomy was considered. The actual risk of stroke in patients having 
major surgery or aorto-iliac reconstruction, however, proves to be small. In 
two studies it was noted that though 15 per cent of surgical patients had 
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bruits over a carotid artery, none of the small number of postoperative 
strokes (0-6-1-6 per cent) occurred in those with bruits [51, 52]. Even 
when non-invasive tests uncovered severe occult stenotic lesions the 
strokes following cardiac and iliofemoral surgery proved not to have 
occurred in such individuals [53]. Strokes after aorto-iliac surgery were, 
however, more common (2 of 7) if the patients had symptomatic carotid 
disease with TIAs [52]. 

Moore [54] has some evidence that the stroke risk for asymptomatic 
patients is much greater with well-marked ulcération (12-5 per cent per 
year compared with 0-4 per cent per year with little or no ulcération). 
Therefore, patients with angiographie studies of asymptomatic carotid 
stenosis that show severe ulcération might be considered special cases. 

RISKS OF ENDARTERECTOMY 
The operation is attended by a mortality, though in most experienced 
centres this is below 2 per cent and often below 1 per cent for patients 
with TIAs or asymptomatic lesions [12, 42, 55, 56]. Most of these deaths 
within 72 hours of surgery are due to myocardial infarction, less com
monly to cerebral infarction. Riles et al. [57] found evidence of myocar
dial infarction within 72 hours of carotid endarterectomy in 2-3 per cent 
of 491 patients; 5 died. The incidence in patients with pre-existing heart 
disease was 4-9 per cent, and in its absence, 0-5 per cent (P < 0-001). 
White [58], discussing a series of 200 operations, noted that in addition 
to 4 postoperative deaths (2 due to myocardial infarction), 13 operations 
had had to be cancelled due to myocardial infarction or stroke occurring 
the night before the scheduled procedure. 

The operative risk of hemiplegia due to cerebral infarction varies from 
0*7 per cent [12, 55] for TIA patients to well over ten times this figure. 
Most centres with extensive experience report an incidence of 2 per cent 
or less [42,59,60]. 

The risk of preoperative stroke is up to ten times greater if the patient 
has had a prior completed stroke [42]. A history of a symptomatic epi
sode over 24 hours, or residual soft neurological signs at the time of 
surgery, appear just as important causing a similar increase in risk [61]. 
Goldstone and Moore [62], however, have recently reported successful 
surgery in 28 patients with a crescendo of TIAs or ingravescent fluctu
ating stroke associated with a tight 90 per cent stenosis, thus challenging 
the usual reluctance to tackle unstable cases. 

The cerebral risks also relate to the preoperative angiographie findings. 
The risks of endarterectomy are thought to be increased by contralateral 
occlusion or stenosis (to be expected in 1 in 3) [63], the presence of com
bined intracranial and extracranial stenosis (so-called tandem lesions) 
[61], the presence of visible thrombus, a long lesion or a high bifur
cation [56]. 
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Fig. 3.6. Friable material removed at carotid endarterectomy. 

The mechanism of the cerebral complications has been debated. Experi
mentally an endarterectomy site is covered by a carpet of platelets and fib
rin, and in the first 48 hours may develop a mural thrombus [64]. This 
may cause local occlusion requiring re-exploration when it occurs clinically. 
In Hertzer's study [65], perioperative stroke occurred in 9-9 per cent of 
111 operations in the presence of angiographie ulcers, but in only 0*7 per 
cent of non-ulcerated lesions. This represents further evidence that embo
lism during manipulation and dissection may well be responsible for many 
operative deficits. Embolie material is actually present at the time of sur
gery in as many as two-thirds of cases operated upon shortly after a recent 
TIA [39] (Fig. 3.6). 

That flow factors are also relevant is seen in the finding [65] that 
patients with a low carotid stump pressure after cross-clamping of the 
carotid artery have an increased risk of persisting stroke after surgery. 

Some of the postoperative strokes are haemorrhagic and associated with 
hypertension [66], and pre-existing hypertension is a further factor in 
increasing the risk of stroke associated with endarterectomy [67]. 

Whether or not the use of a shunt reduces the risk of stroke is contro
versial. Some surgeons have found that the operative risks are lower in 
patients with a high stump pressure, or if there is a low pressure with the 
support of a shunt [65]. This argument, and the increased time allowed 
for careful dissection, leads some to employ shunts routinely [55]. Others 
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find the operative risk greater with shunts [68], though this latter study 
referred to the results of less experienced units. Many use a shunt only 
if there is evidence of a low pressure in the terminal internal carotid artery 
during clamping. This haemodynamically hazardous situation may be 
assessed during the operation by stump pressure measurement, cerebral 
blood flow measurements or by EEG monitoring [69]. Preoperative pre
diction of the need for a shunt may be possible using supra-orbital Doppler 
recordings. If frontal artery flow reverses or stops during brief carotid 
compression, stump pressure proves to be of the order of 25 mmHg. If no 
change in the direction of flow occurs, stump pressure averages 68 mmHg 
[70]. There is obviously a theoretical risk in manual carotid compression 
in such patients though many report no difficulties in practice. 

The critical stump pressure for shunt insertion is difficult to judge. 
Smith et al. [71] noted little difference in stroke risk between patients 
with stump pressures of over 50 torr and between 25 and 50 torr. Many 
take 25 as the critical level, others 50. EEG flattening occurs with cerebral 
blood flow below 14 ml 100 g"1 min"1 [69], so if cerebral blood flow is 
used shunt insertion is deemed prudent at 18 ml 100 g"1 min"1 and per
haps even below 30 [56] (normal level 50-55 ml 100 g"1 min"1). Hyper-
carbia to increase cerebral blood flow is probably unhelpful [72], main
tenance of a normal blood pressure being more important. 

If both sides are to be operated upon there is little evidence that a long 
interval between the two procedures is worth while. Timing is usually 
governed more by any temporary deficit after the first side has been 
treated [73]. 

If a coronary bypass procedure is needed in the same patient there is 
evidence that the operations should be combined, or the cardiac surgery 
performed first. The cardiac morbidity and mortality attending endarterec-
tomy in patients with unstable ischaemic heart disease is excessive, but is 
reduced by previous successful coronary bypass surgery [74]. 

Re-stenosis after endarterectomy affects only a minority (0-6-9*8 per 
cent). In some this is due to myointimal proliferation [75]. Later athe-
roma [76] causes symptomatic re-stenosis. Factors in the development of 
re-stenosis appear to include incomplete removal of a long plaque at the 
limit of the endarterectomy, hyperlipidaemia and hypertension. 

RESULTS OF ENDARTERECTOMY 
Since the long term patency is so good, what of the clinical outcome? 
Does carotid endarterectomy prevent subsequent TIAs and stroke? 

There has only been one controlled trial which was carried out on a 
multicentre basis 10 years ago [77]. A total of 316 patients was allocated 
to surgical or non-surgical treatment. All had had TIAs in carotid or verte-
brobasilar territories. Overall TIAs continued in 36 per cent of surgically 
treated cases and 47 per cent of medically managed patients. Most of the 
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attacks, however, were not in the territory of the endarterectomized ves
sel. TIAs were much less frequent when the surgery had been for a carotid 
stenosis on the side of carotid territory TIAs. For example, of 44 patients 
having isolated carotid TIAs, who had unilateral or bilateral carotid endar-
terectomy, only 2 continued to have TIAs. Of 39 similar patients treated 
medically, 12 had further carotid TIAs. 

New strokes developed in 4 per cent of surgical survivors and 12*4 per 
cent of medically treated patients. The surgical mortality and morbidity 
were sufficiently high, however, to cancel out the long term benefit. Also 
the study is difficult to evaluate as the non-surgical group had diverse 
medical treatments. 

The risks of surgery have declined dramatically since this study was 
carried out. For example, Moore's group have reported a combined death 
and stroke risk of 10 per cent for endarterectomies carried out before 
1970, contrasting with a figure of 0-9 per cent between 1971 and 1979 
[78]. 

A new trial needs to be done in centres with currently low operative 
risks. In the meanwhile the joint study [77] has to be 'buttressed' by un
controlled observations to obtain a workable consensus on the value of 
surgery. 

To reiterate the natural history of symptomatic patients (TIA). Some 
5-6 per cent per annum will have a stroke throughout the years of follow-
up with a higher rate, perhaps 12-15 per cent in the first year after presen
tation [17]. The combined risk at 5 years is about 30-35 per cent. Long 
term follow-up in a number of surgical survivors reveals a stroke risk of 
about 10 per cent in 5 years [79], or even less [55]. To this, of course, 
must be added the surgical and angiographie risk. 

Clearly where the stroke and death risk attending endarterectomy are 
high [80], there will be no net gain from the procedure. It will therefore 
be a parochial decision, based on the success of the local vascular surgeon, 
whether to refer symptomatic cases of carotid stenosis. Hass has calculated 
that a stroke complication rate of over 2-9 per cent will negate the long 
term benefits of surgery [81]. Many of the best centres can report a com
bined angiographie and surgical risk of this order [67, 68]. West's report 
[78] calculated that after a combined short term stroke and death risk of 
3 per cent, the long term risk of stroke in survivors amounted to 3-3 per 
cent per annum, probably half the rate to be expected from natural his
tory studies. Stanford et al. [42] reported an initial mortality and stroke 
risk of 2*5 per cent and a long term stroke risk at an average follow-up of 
20 months of 47 per cent, approximately one-third of the expected rate. 
Thompson with an initial operative mortality and stroke risk in TIAs of 
about 1*5 per cent found a long term stroke risk of 5-7 per cent during a 
follow-up of up to 13 years [55]. 

Operation for non-stenotic ulcerated lesions was reported in a separate 
small study of 35 patients by Moore and Hall [82]. The only operative 
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death occurred in a patient having bilateral endarterectomy. Three patients 
had transient neurological deficit, none an operation-related persisting 
morbidity. Follow-up from 4 to 39 months revealed that only 1 patient 
had had a stroke and this on the unoperated side, a striking reduction com
pared with the follow-up of severely ulcerated lesions by the same unit 
[54]. Without a randomized trial of sufficient size it is impossible to be 
sure whether surgery should be offered in this group at present. 

Long Term Survival 
deWeese [79] reported on the long term outcome of 103 patients 5 years 
after their endarterectomy. Thirty-five had died—5 of stroke and 25 of 
ischaemic heart disease. The mortality had been 56 per cent in those with 
preoperative evidence of coronary artery disease, and in these patients 93 
per cent of the deaths were due to myocardial infarction. There is no evi
dence of improved survival after carotid surgery in the long term due to 
this cardiac mortality [19, 31]. Of deWeese's survivors, 3 had a major and 
4 a minor neurological deficit at the end of 5 years. 

SPECIAL CIRCUMSTANCES 
Contralateral Carotid Occlusion 
Despite the theoretical hazards of surgery for stenosis with a carotid occlu
sion on the asymptomatic side, several surgeons have reported series with
out excessive complications [55], though the risks are increased [56]. The 
follow-up shows no excess of long term strokes related to the occluded 
side [48]. There is no need to exclude such cases from surgical considera
tion therefore. 

TIAs with Residual Neurological Deficit 
The definitions of TIA and completed stroke imply that if symptoms 
remit within 24 hours there has only been reversible ischaemia, but that if 
they exceed this arbitrary limit infarction has occurred. This is obviously 
naïve and many patients with brief attacks have evidence of structural 
change in the form of persisting EEG, CT scan, and/or rCBF abnormality. 
If there is evidence that an episode, whatever its precise duration, has been 
due to embolism from the carotid bifurcation it is reasonable to contem
plate endarterectomy to prevent recurrence. This policy would therefore 
be applicable to TIAs with soft residual signs, to small strokes and even 
major completed strokes if recovery was good. The risks of surgery are, 
however, higher in these clinical groups [55, 56, 61]. Also, though carotid 
stenosis is commonly the cause of TIAs, it is less often the cause of com
pleted strokes, and the risk of repeated strokes is probably less than that 
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of a first stroke after the onset of TIAs. An active approach to such 
patients is clearly only permissible in centres with the lowest operative 
casualty rates. 

Asymptomatic Cases 
The follow-up studies of asymptomatic carotid lesions detected by auscul
tation or non-invasive investigation of patients with arterial disease in other 
territories have already been discussed. It was argued that their stroke risk 
was low, and therefore unlikely to be improved upon by surgery that 
carried any mortality or appreciable morbidity. The operative risk, how
ever, is at its lowest with asymptomatic cases, and some argue that surgery 
should therefore be offered to cases with asymptomatic lesions that are 
haemodynamically 'tight' [55], or heavily ulcerated [54]. Unless the sur
gical risk is of 0 per cent mortality and 0-1 per cent stroke morbidity it 
would seem unwise to recommend endarterectomy in these patients. The 
only exception may be in patients having coronary artery bypass surgery 
[74]. 

Carotid Kinks and Loops 
The cause and effect relationship between such angiographie findings and 
TIAs and strokes is controversial. Their presence in cases of amaurosis 
fugax for example was no more frequent than in the population at large in 
Wilson and Ross Russell's study [26]. Operative correction is probably 
only indicated in symptomatic cases with either atheromatous disease in 
the loop or flow reduction as judged by non-invasive tests. 

Carotid Occlusion and Recent Stroke 
The chances of restoring patency are less than 50 per cent and the mortal
ity may be as high as 60 per cent due to haemorrhage and oedema in the 
infarcì. Exploration of a recently occluded carotid artery can however be 
contemplated if seen within a few hours of the onset of the neurological 
deficit (probably < 6 hours). 

Asymptomatic chronic occlusion of the carotid artery has a small risk 
of stroke (2 per cent per year [83] ), and surgery would not seem to be 
indicated. 

MEDICAL TREATMENT 

In view of the evidence linking thrombotic occlusion of the carotid artery 
to stroke, and thromboembolism to both TIAs and strokes, the prevention 
of thrombus formation should theoretically be a highly effective way of 
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preventing TIAs and strokes even in the presence of carotid stenosis and 
ulcération. 

Anticoagulants 
The prevention of fibrin formation by anticoagulation has proved to be 
hazardous and of little value in the aftermath of completed strokes due to 
infarction. In the case of TIAs, several trials were carried out but were 
either small or not randomized. Attempts to combine the figures from the 
few randomized studies, or to use natural history studies as controls, sug
gest a modest benefit in reduction of TIAs [84] and less certainly a reduc
tion in stroke [85, 86]. In none of the randomized trials was the reduction 
of strokes by anticoagulants statistically significant. There is some evi
dence that the risk of stroke in the first few months after a TIA is reduced 
[87], whilst haemorrhagic complications are unusual before 12 months. 
Some physicians who still employ anticoagulants have therefore changed 
to a short term use. There is, however, an increased risk of TIA and stroke 
on withdrawal of treatment [86]. 

Antiplatelet Drugs 
Since the first step in mural thrombus formation is considered to be the 
adherence of platelets to sub-endothelial structures, and the propagation 
of a platelet aggregate, drugs that inhibit platelet adherence and aggre
gation have been sought. Dipyridamole, which inhibits the development of 
a platelet mass on injured arterial vessels in the rabbit [88], has not, when 
administered alone, been found to affect patients with TIAs [89]. Com
bined with anticoagulants, dipyridamole does improve the suppression of 
embolism from prosthetic heart valves [90]. Its more widespread use in 
cerebrovascular disease is at present without scientific justification. 

Aspirin inhibits platelet aggregation by such materials as collagen 
through an irreversible inhibition of synthesis of thromboxanes by platelet 
cyclo-oxygenase. Small doses are sufficient to cause this effect for the life
time of the exposed platelets. Aspirin also inhibits the synthesis in the vessel 
wall of a different prostaglandin, prostacyclin. Whilst thromboxanes are 
vasoconstrictive and promote platelet aggregation, prostacyclin is a powerful 
vasodilator and inhibits platelet aggregation. The net effect of aspirin 
ingestion, especially in small doses, is probably to inhibit in vitro platelet 
aggregation since the inhibition of prostacyclin synthesis is short lived. The 
prolongation of bleeding time by aspirin also suggests this. 

Anecdotal evidence suggested that aspirin could inhibit thromboembol-
ism to the retina at least [91], and the large Canadian trial has looked at 
this compound in TIAs of all sorts [92]. Aspirin in a dose of 1300 mg/day 
produced a 48 per cent reduction in stroke and/or death rate in males with 
TIAs. No effect was discernible in females and the result for all patients 
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was only just significant at P < 0Ό5. The study had not been stratified to 
test for a male/female difference, and so this and other detailed findings of 
the study are to be reinvestigated in a UK trial which will also include a 
300 mg/day 'arm'. We do not yet know whether aspirin is equally success
ful in patients with severe carotid stenosis, ulcération without stenosis and 
in those with normal angiograms. It is also possible that the effect of 
aspirin is influenced by haematocrit [93] and so it may be less effective in 
patients with a high normal haematocrit. Such patients also have a low 
cerebral blood flow related to their higher viscosity [94], and a higher risk 
of stroke [95]. A combination of aspirin and venesection might be re
quired in such individuals. 

Sulphinpyrazone, despite its ability to lengthen the platelet half-life, 
was ineffective in the Canadian trial [92], although a pilot study had 
been promising in cases of amaurosis fugax [96]. It seems quite possible 
that the small emboli involved in amaurosis fugax are more sensitive to 
antiplatelet medication than larger thromboemboli involved in some 
patients' cerebral TIAs. Antiplatelet drugs would also not be expected to 
affect embolization of cholesterol debris from ruptured atheromatous 
plaques. 

Even this limited discussion reveals that one might expect different 
therapeutic efficacy of aspirin in patients with emboli of different size and 
structure. We do not yet know how clinically to identify the nature of the 
embolie material in different patients except perhaps in the retina [97]. It 
thus remains to be seen how often aspirin will be indicated and whether it 
is successful in preventing stroke in those same patients in whom carotid 
endarterectomy is currently considered indicated. Combinations of anti
platelet drugs such as dipyridamole and aspirin are also under trial, and 
may be found to have yet another spectrum of activity. 

BYPASS PROCEDURES 
The extracranial-intracranial bypass procedure is discussed in Chapter 4. 
Its success in revascularizing the middle cerebral artery territory with little 
morbidity and mortality is already accepted. How often this is relevant to 
the prevention of stroke is debatable. The operation is still under evalua
tion therefore, but might be considered most logical in those patients 
who have TIAs above an occluded carotid artery, or with intracranial steno
sis of the carotid or middle cerebral artery. Barnett [98] has, however, 
shown that some cases of carotid occlusion continue to have TIAs due 
to embolization from the stump and respond to re-exploration of the 
bifurcation. 

Other bypass procedures have been carried out extracranially in the 
presence of severe stenotic or occlusive disease of neck vessels [99]. They 
are difficult to evaluate, however, as they have never been subjected to 
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trials and many patients remain asymptomatic despite occlusion of major 
cervical arteries. 

CONCLUSIONS 
1. Though only 20 per cent of all strokes relate to carotid occlusion, 

some 45 per cent of strokes in the middle cerebral territory can be attri
buted to disease of the internal carotid artery, usually thrombotic occlu
sion of a severe atheromatous stenosis. 

2. Fifty per cent of patients whose strokes are due to carotid occlusion 
have had previous TIAs, presumably at a time when the carotid artery was 
stenosed rather than occluded. Thirty per cent of hospital strokes, and 10 
per cent of community strokes, give a history of TIAs. 

3.TIA patients have an increased risk of stroke which amounts to 
approximately 30 per cent in 5 years. 

4. Angiographie study of patients with carotid artery TIAs reveals the 
presence of atheromatous disease of the internal carotid artery in 50-65 
per cent, including an operable stenosis in a third or more. 

5. Carotid endarterectomy carries a risk of approximately 1 per cent 
mortality and 2 per cent neurological morbidity in the best units, but in 
less experienced hands the combined risk can reach 20 per cent, and is 
commonly 6-7 per cent. 

6. Successful carotid endarterectomy reduces the long term stroke risk 
to 10 per cent or less over 5 years. 

7. Auscultation of the neck and non-invasive tests of carotid blood 
flow detect a large number of patients with asymptomatic carotid disease. 
Their stroke risk, however, is small, and it is unlikely that the benefit of 
endarterectomy outweighs the risk except in a few centres with a zero 
mortality for such cases. 

8. An adequate randomized trial has never been carried out to prove 
whether anticoagulants cause a significant reduction in stroke risk. Such a 
trial is now unlikely to be started. In view of the uncertainty and risks, the 
popularity of anticoagulants is on the wane except for cardiac embolism. 

9. Aspirin is currently under evaluation, but appears to reduce the 
stroke risk in males with TIAs, perhaps by as much as 50 per cent. The 
particular circumstances in which aspirin does and does not have this pre
ventive effect, and the optimal dosage, are as yet unknown. 

10. The correct indications for the extracranial-intracranial bypass 
procedure are as yet unknown, but may well prove to be limited. 

Policy 
It therefore seems appropriate at the present time to recommend carotid 
endarterectomy for patients at risk of stroke as identified by the occur-
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rence of a TIA, and in whom stenosis of the ipsilateral carotid artery has 
been delineated by angiography. This advice only applies if the centre con
cerned has an acceptably low mortality and morbidity for the procedure. 
Patient selection needs to consider adverse risk factors of which the most 
important is probably evidence of a previous cerebral infarcì. 

For patients with ulcerated atheroma without stenosis, and for those 
with high surgical risk factors, aspirin would appear preferable, this policy 
to be modified by the results of the new series of medical trials. Asympto
matic carotid stenosis might be considered for carotid surgery in excep
tional centres. Elsewhere medical rather than surgical treatment would 
again be preferred until adequate controlled trials are carried out. 
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John Marshall 

4 Indications for Extracranial -
Intracranial Anastomosis 

Advances in treatment are sometimes made in response to an urgent thera
peutic need. The introduction of intermittent positive pressure respiration, 
at first manually operated by teams of volunteers, during the epidemic of 
poliomyelitis in Denmark in 1950 is an example of this. At other times a 
technical advance with therapeutic potential is made, but then conditions 
must be sought in which it may be used with benefit. The successful 
anastomosis of arteries of 2 mm diameter [1] and its use in the cerebral 
circulation in man [2] provides such an example. This operation was 
whimsically described as 'a good operation looking for an indication'. 
During the past decade indications have progressively emerged and it is 
the purpose of the present chapter to discuss and define them. 

The management of disease of the internal carotid artery at its origin is 
the subject of a separate chapter in this book, but as the place of extra-
cranial-intracranial anastomosis can only be determined in reference to the 
carotid system as a whole, besides referring the reader to Chapter 3, a brief 
recapitulation of the essential features of carotid disease will be given here. 

Clinical interest in disease of the carotid artery began with the classic 
papers of Miller Fisher [3, 4] who found stenosis and occlusion of the 
carotid artery in the neck to be common among cases of cerebrovascular 
accident. Although Miller Fisher himself recognized from the outset that 
reduction of blood flow was unlikely in general to be responsible for the 
link between the two, the general tendency was to seize upon stenosis and 
a reduction of blood flow as the causative factor in both transient 
ischaemic attacks and completed strokes. So much was this so that radio
logists developed a habit of reporting stenoses of less than 25 per cent of 
the lumen as 'not significant'. A stenosis of this degree would certainly not 
reduce flow; a reduction of the lumen of the artery by 90 per cent is re
quired before there is an appreciable fall in flow [5]. This may neverthe
less be significant clinically because it frequently provides a source of 
emboli to the cerebral vessels as has now been amply documented [6]. 
Endarterectomy of the origin of the internal carotid artery is carried out 
in most instances to remove a source of emboli and not to increase blood 
flow which is not in fact reduced. 

Occlusion of the internal carotid artery at its origin presents a different 
problem because flow is reduced to the point of being absent. Moreover, 
though occlusion by thrombus commonly starts at the origin of the vessel, 
because of the absence of branches in the cervical portion of the artery, it 
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rapidly extends to the level of carotico-cavernous or ophthalmic branches 
and becomes organized so that re-establishment of flow by surgery in the 
neck is rarely successful. Here would seem to be a prime case for bypassing 
the occluded segment. 

The problem is, however, not so simple. In patients who are experi
encing transient ischaemic attacks (TIAs), occlusion of the carotid artery 
does not always cause a stroke and is usually followed by cessation of TIAs. 
This latter phenomenon is one of the arguments for the embolie origin of 
TIAs, occlusion of the vessel being nature's ligature, cutting off the source 
of emboli. The absence of a stroke is undoubtedly due to the abundant 
collateral circulation, primarily via the circle of Willis, but also via external-
internal carotid branches such as the facial-ophthalmic. 

If these collateral systems are inadequate, occlusion of the internal 
carotid artery is followed by a stroke, again with cessation of TIAs in most 
cases. Occlusion of the internal carotid artery with or without a completed 
stroke does not therefore of itself appear to provide a strong indication for 
bypass surgery. If a stroke has occurred, the damage has been done; if a 
stroke has not developed, nature has already provided adequate collaterals. 

However, in some instances of internal carotid occlusion, TIAs recur in 
the territory of the vessel, usually after the lapse of a considerable period 
of time. Until recently this has been taken as an indication of progressive 
inadequacy of the collateral circulation, presumably due to advancing 
atheroma, the TIAs being haemodynamic rather than embolie in origin. 
Clinical features of the attacks, such as their occurrence with sudden 
change of posture or in association with cardiac dysrhythmia, points 
strongly to this conclusion. This situation, namely recurrence of TIAs after 
a carotid occlusion, would seem to be a clear indication for bypass surgery 
to supplement the failing collaterals before infarction occurs. 

As with most subjects that become the focus of intense study, it is not 
long before seemingly impregnable conclusions are challenged. Recent 
observations have indicated that in some instances post-occlusion TIAs 
may be embolie. Occlusion of the internal carotid usually occurs about 
1 cm from its origin leaving a 'stump' (Fig. 4.1). In a recent careful clinico-
pathological study [7, 8] it has been shown that thrombus may form in the 
stump, extend back to the common carotid artery and give rise to emboli 
which pass into the external carotid artery and reach the internal carotid 
circulation distal to the occlusion via collaterals. New clinical events from 
this cause occur weeks to years after the initial occlusion. 

Similarly, in a well-documented angiographie study of patients experi
encing post-occlusion TIAs, in which the vessels distal to the occlusion 
were filled from the opposite side by cross-circulation, evidence of embolie 
occlusion of distal cerebral vessels was found [9]. Thus the haemodynamic 
origin of one type of TIA which seemed eminently suitable for bypass 
surgery has been challenged. 

It has already been mentioned that in cases of stenosis at the origin of 
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Fig. 4.1. Angiogram showing a typical 'stump' at the origin of an occluded internal 
carotid artery. 

the internal carotid artery, endarte ree tomy is most frequently carried out 
to remove a source of emboli rather than to increase blood flow, the latter 
being unimpaired. On this hypothesis stenosis in the carotid siphon — 
which cannot be reached in order to carry out endarterectomy — would 
seem better treated by anticoagulants than by bypass surgery. Again the 
problem is not so simple as it appears at first sight. 

Some TIAs associated with stenosis in the carotid siphon are haemo-
dynamic, the stenosis being severe and the circle of Willis inadequate. But 
even when the TIAs are believed to be embolie in origin, a case can be 
made for increasing the blood flow beyond the stenosis by bypass surgery. 
The fate of emboli and the degree of damage they cause depend upon a 
number of factors. Prominent among these is of course the balance be
tween coagulation and fibrinolytic mechanisms in the blood, but speed of 
blood flow is also important. This is one of the reasons why thrombosis is 
much more common in veins than in arteries. It can be argued, therefore, 
that even if TIAs associated with stenosis of the carotid siphon are em
bolie, increasing the blood flow beyond the stenosis might facilitate the 
disintegration of emboli and so reduce the damage they cause. 

The same argument could be applied when the internal carotid artery 
has been occluded, except that if thrombus in the stump emerges as a 
common occurrence, providing more pathways by which emboli might 
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pass from the external to the internal carotid circulation might be deemed 
inappropriate. 

These considerations have been set out at some length to underline the 
fact that rules of thumb cannot be applied when considering the suitability 
of a case for bypass surgery. Indeed this applies to the entire spectrum of 
cerebrovascular disease, but is particularly apposite in relation to bypass 
surgery. Although general guidelines can be laid down, each case must be 
considered individually and an attempt made to determine the nature of 
the pathophysiological disturbance, difficult though this may be in clinical 
practice. It is against this background and with this reservation, that the 
following 'indications' for bypass surgery are suggested. 

Although the decision to operate will rest largely upon angiographie 
findings, patients present with a clinical disturbance, hence it seems best 
to approach the problem from this starting point. Most frequently the 
clinical disturbance will be a TIA, which is indeed the best starting point as 
irreversible damage to the brain has not yet been done, whereas with a 
completed stroke there has already been cerebral damage, albeit mild in 
some cases. 

FIRST PRESENTATION WITH CAROTID TIAs 
Stenosis in the Siphon 
If a patient presents with TIAs which he is experiencing for the first time 
in the internal carotid territory, angiography is usually required. Most 
commonly a stenosis at the origin of the internal carotid will be found in 
which case endarterectomy is indicated. But if the stenosis is in the siphon, 
then particular attention should be paid to the circumstances in which the 
TIAs occur (as indeed should be done with all TIAs) in order to try to 
decide whether they are embolie or whether they are haemodynamic in 
origin. If the evidence favours the latter, then anastomosis of the super
ficial temporal to a branch of the middle cerebral artery is clearly 
indicated. When the evidence favours the former, it is reasonable to try 
anticoagulant therapy. If this is going to be efficacious, cessation or at 
least a dramatic reduction in frequency of TIAs will soon be apparent. 
Should this not occur, bypass surgery should be undertaken. 

Stenosis in the siphon is sometimes associated with stenosis at the 
origin of the internal carotid artery — often referred to as stenosis in 
tandem. Previously the double lesion deterred surgeons from performing 
endarterectomy at the origin, partly because of the increased risk of sur
gery and partly because there seemed little advantage in dealing with a 
proximal stenosis whilst leaving a distal lesion untouched. It could of 
course be argued that removing the proximal stenosis reduced the risk 
of emboli from that site lodging in the distal lesion but on the whole this 
argument did not appear to carry great weight. 
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The advent of extracranial-intracranial anastomosis offers opportunity 
for a new approach. The distal stenosis can first be bypassed and at a later 
stage the proximal lesion dealt with by endarterectomy. This does not 
reduce the risk of embolization during surgery, but does provide a colla
teral circulation which could be beneficial if the distal stenosis is reducing 
flow. 

Carotid Occlusion 
When a patient who presents for the first time with carotid TIAs is found 
to have occlusion of the appropriate internal carotid artery, this would 
formerly have been taken as a strong indication for bypass surgery. The 
fact that the patient presents in this way suggests that the occlusion is of 
long standing and has been compensated for by collateral circulation 
which is now proving inadequate. This might, for example, be due to 
advancing stenosis of the contralateral internal carotid artery or progres
sive disease in collateral channels. Certainly the condition of the contra-
lateral internal carotid artery has to be taken into account, but in view of 
the recent observations on the 'stump' of the occluded internal carotid 
described above, careful examination of the angiograms is indicated. If 
thrombus appears to be present, then surgical obliteration of the stump 
is required. If there is no thrombus (and surgical exploration may be 
required to establish this definitively) superficial temporal-middle cerebral 
anastomosis is indicated. 

Middle Cerebral Occlusion or Stenosis 
Stenosis or occlusion of the middle cerebral artery is much less frequent 
than is disease of the internal carotid in patients presenting for the first 
time with TIAs. When such a lesion is found the decision is straightforward; 
anastomosis of the superficial temporal artery to a branch of the middle 
cerebral should be undertaken. Unfortunately stenosis of the trunk of the 
middle cerebral artery is relatively uncommon; only 9 out of 59 angio-
graphically identified lesions of the middle cerebral artery were stenotic 
[10]. Likewise, few trunk occlusions present as TIAs; the great majority 
(87 per cent) [11] present with a completed stroke. Thus the lesions most 
suitable for extracranial-intracranial bypass are either uncommonly met 
with or have already caused considerable cerebral damage. 

LATE PRESENTATION WITH CAROTID TIAs 
Patients with a past history of TIAs (or even a completed stroke from 
which there has been substantial recovery), who were found at the time to 
have an internal carotid occlusion, in whom TIAs recur require careful 
assessment. 
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Contralateral Stenosis 
Increasing stenosis of the contralateral internal carotid requires that end-
arterectomy be considered. The risks of this operation are greater when 
one internal carotid artery is already occluded [12]. Nevertheless, restoring 
normal blood flow through one internal carotid artery is likely to con
tribute more to overall cerebral perfusion than will bypass surgery. 
Measurement of cerebral blood flow by a non-invasive 133Xe clearance 
technique can be of great help in this situation. If overall cerebral per
fusion is considerably reduced, the indication for removing the contra-
lateral stenosis is strong. 

Embolism from the Stump 
If the contralateral internal carotid artery is normal, but there is a stump 
remaining at the origin of the occluded internal carotid artery, surgical 
obliteration of the stump is the treatment of choice. To provide further 
anastomoses between the external and internal carotid systems beyond 
those which have developed spontaneously is to provide more pathways 
for the passage of emboli. The first logical step is to eliminate a possible 
source of emboli. 

Haemodynamic TIAs 
Absence of a stump or of thrombus within and a normal contralateral 
carotid artery, is a strong indication for superficial temporal-middle cere
bral anastomosis. TIAs in these circumstances are highly likely to be the 
result of inadequate collateral circulation. This may have been sufficient 
originally but collaterals, like main vessels, become diseased, hence the 
need to supplement them by suitable surgical procedures. 

PRESENTATION WITH COMPLETED STROKE IN THE 
CAROTID TERRITORY 

It is always regrettable when a patient presents with a completed stroke 
particularly if there were preceding TIAs, the significance of which was 
ignored. One thing is, however, quite clear, namely that surgery is posi
tively contraindicated in the acute stage. A completed stroke means that 
a degree of infarction has taken place and to increase the blood supply to 
recently infarcted tissue will aggravate the situation [13], converting 
white to red infarcts. This is the same situation as was encountered in the 
early days of carotid endarterectomy which, when carried out in the acute 
phase of a completed stroke, made matters worse. 

The contraindication to surgery in the acute stage of infarction does 
not, however, apply to the later stages. Once the infarcì has healed, obser-
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vation of which is greatly facilitated by the CT scan, the situation should 
be reviewed. Much depends upon the clinical condition of the patient. 
Patients who are left with severe deficits are not likely to benefit from any 
increase in blood flow howsoever produced. Patients with milder deficits 
which do not prevent them from functioning adequately can be considered 
much as patients who presented with TIAs and the same principles 
applied. 

For example, if they subsequently develop TIAs, the reason for this 
should be sought in the manner described in the section on TIAs and 
appropriate action taken. 

Whether extracranial-intracranial anastomosis helps patients with mild 
fixed deficits cannot be decided at the present time as there is insufficient 
experience on which to base reliable conclusions. The argument for 
fashioning surgical anastomoses in such cases is that around an infarcì 
there is a zone in which the neurones though suffering a degree of ischae-
mia are not irreversibly damaged. There is now much experimental animal 
work showing that evoked potentials and metabolic activity can be re
stored after considerable periods of ischaemia [14]. Still less do we know 
the situation in man, in whom despite encouraging reports in the litera
ture [2, 15-23], it is difficult to distinguish between the natural tendency 
of many stroke patients to improve, the effect of increased cerebral blood 
flow and that of the inevitable increase in attention to rehabilitation 
measures during the postoperative phase. Nevertheless the facts that 
neurones have a potential for recovery from ischaemia of considerable dura
tion and that extracranial-intracranial anastomosis does restore the flow 
of blood through cerebral arteries (Fig. 4.2) provide a sound basis for 
exploring the possible benefit of bypass surgery in carefully selected cases 
of completed stroke. More care will, however, have to be given to deter
mining to what extent patients improve and why, before a definitive state
ment can be made as to the place of this operation. 

PRESENTATION WITH DEMENTIA 
Longer life expectancy has increased the proportion of the population in 
the older age groups with a consequent rise in the number of people with 
dementia, an affliction most commonly encountered in old age. Although 
such patients are commonly referred to as suffering from 'cerebral arterio
sclerosis', in fact the majority have primary degenerative changes in the 
brain of the type known as Alzheimer's disease. It is the minority who 
have vascular disease and, though there are arteriosclerotic changes in the 
cerebral vessels, the striking feature is the presence of multiple small in-
farcts. For this reason the term 'multi-infarct dementia' has been applied 
to this group [24] as being more accurately descriptive of the pathological 
condition. Measurements of cerebral blood flow in mild to moderate cases 



88 TOPICAL REVIEWS IN NEUROSURGERY 

Fig. 4.2. a, Preoperative angiogram showing carotid occlusion with no filling of 
middle of anterior cerebral arteries, b, Postoperative angiogram showing enlarged 
superficial temporal artery supplying branches of middle cerebral artery via the 
anastomosis, c, Anteroposterior view of (b) showing contrast medium in anterior 
cerebral artery also. (By courtesy of Mr J. S. P. Lumley, FRCS.) 
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of dementia have shown that whereas in the Alzheimer group it is in the 
low normal range, in multi-infarct dementia it is significantly reduced 
[25]. This raises the possibility that increasing cerebral blood flow might 
arrest the progress of the condition. Angiography does not reveal occlusion 
or stenosis of major vessels as the cause of the reduced cerebral blood 
flow. Moreover, it has been shown that the reduction is not the result of 
arterial insufficiency of small vessels [25] because increasing PaC02 pro
duces a significant increase in cerebral blood flow. This indicates that 
reduced metabolic demand for, rather than inability to supply, blood is 
the cause of the low cerebral blood flow. 

Nevertheless this still leaves us with the cause of the multiple small in-
farcts which appear to be related to changes in the walls of small vessels, 
particularly in relation to hypertension [26]. If thrombotic occlusion at 
the site of these arterial wall lesions is the final determinant of infarction 
it can be argued (as was argued above in relation to emboli) that increasing 
blood flow might retard this process. Because the external carotid circula
tion from which the collateral flow is derived by anastomosis is not 
determined by cerebral metabolic demands, it could be that increasing 
blood flow via this route might be beneficial. In the light of these considera
tions it cannot be said that multi-infarct dementia is an indication for 
extracranial-intracranial anastomosis but it is certainly a subject worthy 
of careful study. 
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Although dementia associated with vascular disease is in most cases of 
multi-infarct type there is a small group in which low cerebral blood flow 
is the primary cause. These are cases in which angiography reveals exten
sive occlusion or stenosis of the carotico-vertebral system. Endarterectomy 
of major vessels and bypass procedures are clearly appropriate here, the 
type of surgery being determined in each case by cerebral blood flow 
measurements and angiographie findings. 

PRESENTATION WITH VERTEBRO-BASILAR SYMPTOMS 
Continued technical advance has enabled surgeons to fashion anastomoses 
between extracranial arteries and branches of the vertebro-basilar system 
[27, 28]. What place these procedures have in the management of verte
bro-basilar ischaemia is difficult to determine. Transient ischaemic attacks 
in the vertebro-basilar territory are common but the proportion followed 
by a stroke is less than in the carotid system in some series [29, 30] 
though not in another series [31]. Some vertebro-basilar TIAs are ex
tremely benign in that they may continue over months or even years, 
without ever giving rise to residual deficit. In these circumstances surgery 
would hardly seem justified. 

Vertebro-basilar TIAs which are associated with long tract symptoms 
such as alternating or bilateral weakness or sensory disturbance have a 
more sinister prognosis and may be followed by brain stem infarction 
[29]. However, it is far from clear whether these are embolie or haemo-
dynamic in origin. Nor is this a problem which can readily be resolved 
because measurement of cerebral blood flow through the vertebro-basilar 
circulation is beset with technical difficulties. For these reasons it is 
virtually impossible at the present time to indicate what place, if any, 
there is for extracranial-intracranial anastomosis. Certainly it should at 
present be restricted to the treatment of TIAs of the more ominous kind 
and again it would seem wise to place considerable emphasis on the 
circumstances in which the attacks occur in an endeavour to determine 
whether or not they are caused by a fall in blood flow. 

MIDDLE CEREBRAL ANEURYSMS 
This in effect concludes what may be termed the 'medical' indications for 
extracranial-intracranial anastomosis but to complete the picture mention 
should be made of the value of the procedure in the management of 
aneurysms of the middle cerebral artery. When such an aneurysm is of 
appreciable size it may be difficult for the surgeon to obliterate it without 
compromising blood flow through the artery. Fashioning a bypass by anas
tomosing the superficial temporal to a branch of the middle cerebral artery 
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before operating upon the aneurysm provides an insurance against ischae-
mia or infarction [32]. 
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David G. T. Thomas 

Chemotherapy of Cerebral Glioma: 
Current Research and its Application 
to Clinical Practice 

The management of malignant tumours of the central nervous system 
forms a significant fraction of the clinical practice of neurologists and 
neurosurgeons. In most neurological clinics over half of intracranial 
tumours diagnosed in adults prove to be malignant gliomas of the cerebral 
hemispheres, arising from astrocytic glial cells or, less commonly, from 
oligodendroglial or ependymal cells. In children, most commonly, gliomas 
arise in the posterior fossa, affecting the cerebellum or brain stem. Treat
ment of malignant glioma by surgery and radiotherapy is relatively in
effective, and it remains a lethal disease. The cerebral glioma at time of 
diagnosis generally consists of a tumour 3-5 cm in diameter. At its peri
phery there is a rim of actively proliferating tumour cells, intermingled 
with oedematous normal brain, which may still be functionally recover
able. Inside this there is a further actively growing well-vascularized shell 
of tumour with varying degrees of homogeneity. Within this is an area of 
tumour poorly vascularized, non-proliferating or only slowly growing, and 
surrounding an inner core of frankly necrotic and degenerating tumour. 
Even where selective and macroscopic ally total removal of the tumour can 
be performed by radical surgery, without unacceptable neurological 
damage to the patient, there remains tumour which has infiltrated micro
scopically into normal brain at the edges of the resection. This continues 
to grow, causing disability and death due to further diffuse infiltration of 
normal brain, or by causing fatal raised intracranial pressure with brain 
herniation. The median survival of patients from time of operation is 5-6 
months, with fewer than 10 per cent alive at 2 years [1]. Radiotherapy is 
commonly used in treatment, either after biopsy operation or more radi
cal resection. This method can be used to kill glial tumour cells selectively 
in a particular area of brain, but does not stop recurrence of tumour, due 
to the persistence of viable cells which survive such treatment [2]. Because 
of the bleak outlook for patients, many forms of chemotherapy for this 
disease have been tried during the past two decades. No single, highly 
effective drug has yet emerged. However, with the best agents so far dis
covered for chemotherapy of glioma, namely nitrosoureas and procarbazine, 
there is a modest beneficial response which has been clearly shown in care
fully designed trials, and there has come a better understanding of the 
basic concepts important in chemotherapy. The purpose of this chapter is 
to introduce to those neurologists and neurosurgeons, who may have had 
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little or no experience with clinical chemotherapy, some of the basic con
cepts in chemotherapy and to selectively review laboratory and clinical 
studies which have been performed in cerebral glioma and which indicate 
directions for progress in the future. 

DRUGS FOR CHEMOTHERAPY OF GLIOMA 
Chemotherapy of cancer is based on the proposition that the malignant 
tumour cell is different in some way from the normal cells of the body, so 
that oncolytic agents may be discovered capable of differentially killing 
tumour cells more than normal cells. Such an effect is not selective in the 
same sense that surgical excision of a mass or radiotherapy to an organ is 
selective. All known oncolytic agents in their effective therapeutic doses 
have toxic effects on normal body cells, most frequently on proliferating 
bone-marrow and gut cells. The therapeutic index, that is the ratio of toxic 
to therapeutic dose, is generally close to 1. The biochemical mechanism by 
which some agents work is known to some extent, and it is possible to 
classify chemotherapeutic drugs according to this, as well as by their 
chemical structure or method of production. A second means of classify
ing chemotherapeutic drugs, even if their mechanism of action or chemical 
structures are unknown, is by whether they are cycle-specific or cycle-non
specific, that is whether they act to kill only proliferating cells passing 
through the cycle of cell division, or whether they can kill both prolifer
ating and resting cells within a tumour. 

Drugs Inhibiting Nucleic Acid Function 
Bifunctional Alkylating Agents 
The nitrogen mustards are the parent substances of this group, which in
cludes chlorambucil, phenyl-alanine mustard, busulphan and cyclophosph-
amide as well as thio-TEPA and nitrosoureas. These drugs contain 
chloroethyl groups, and their active products can form bridges between 
the strands of desoxyribonucleic acid (DNA) in the nucleus, thus prevent
ing their division at mitosis. Thio-TEPA (triethylene thiophosphamide) has 
been used for intra-arterial chemotherapy of brain tumours [3]. The 
nitrosoureas, BCNU (l,3-bis-(2-chloroethyl-l-nitrosourea), CCNU (1,(2-
chloroethyl)-3-cyclohexyl-l-nitrosourea) and methyl-CCNU (MeCCNU), 
are the most effective agents at present for chemotherapy of malignant 
glioma [1, 4-6]. Their action, in part, is as alkylating agents. However, 
they are also carbamoylating agents which inhibit protein and purine 
synthesis [7] and are cycle non-specific agents. 

Antibiotics 
These agents are produced from fermentation products of fungi and bac
teria and have varying biochemical sites of action, to interfere with normal 
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DNA or ribonucleic acid (RNA) function in the tumour cell. Bleomycin is 
radiomimetic and disrupts DNA strands in a way similar to radiotherapy. 
Purinomycin interferes with transfer of messenger RNA-amino acid 
complexes and limits protein synthesis. Actinomycin D, adriamycin and 
mithramycin form complexes with nuclear DNA and inhibit the formation 
of DNA-dependent RNA. Of these, mithramycin has been used clinically 
against malignant glioma, and is ineffective [8]. 

Vinca Alkaloids 
Vincristine and vinblastine are extracted from the plant Vinca rosea. They 
act at the mitotic spindle and arrest cell division in metaphase, and are 
therefore cycle-specific drugs. They inhibit formation of RNA-amino acid 
complexes. Vincristine has been used effectively alone and in combination 
chemotherapy of medulloblastoma [9, 10]. 

Drugs Inhibiting Synthesis of Nucleic Acids or Protein 
Most of these drugs are antimetabolites which interfere with normal cellu
lar work or metabolism in both normal and tumour cells. They are ana
logues of vital metabolic precursors with structures so closely similar to 
the normal biological compound that they compete in essential biochemi
cal pathways and cause blocks, often at a known enzymatic site. 

Folk Acid Antagonists 
Methotrexate (MTX), one of the most widely used and extensively studied 
chemotherapeutic drugs, belongs to this group. It is a structural analogue 
of folic acid and binds with the enzyme dihydro-folic acid reductase, and 
so blocks the conversion of folic acid to tetrahydro-folic acid. It also in
hibits thymidilate synthesis, which may be the major cytotoxic effect on 
cells treated with MTX. Derivatives of tetrahydro-folic reductase are im
portant co-enzymes in several essential biochemical synthetic pathways. 
Synthesis of thymidilic acid and purine synthesis, necessary for DNA and 
RNA synthesis, are reduced. It has systemic toxic effects which can be 
largely reversed by leucovorin or citovorum factor. It is a cycle-specific 
drug. 

Methotrexate has been employed in the past in several studies of brain 
tumour chemotherapy, but delivery to brain is difficult. Its main role 
currently is for treatment of carcinomatous or leukaemic infiltration of the 
méninges, and in these conditions it is administered by intrathecal injec
tion [11] . Other antifolic agents are more lipid-soluble and may prove 
easier to deliver to the brain. These include DMP (2,4-diamino-5-(3,,4' 
dichlorophenyl)-6-methyl pyrimidine) [12]. 
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Anti-pyrim idines 
These drugs are analogues of pyrimidine bases, like thymidine, in nucleic 
acids. 5-Fluorouracil (5-FU), which enters brain following systemic adminis
tration, has been used against glioma alone [13] and in combination 
[14]. Cytosine arabinoside (ARA-C) has also been used by the intrathecal 
route for meningeal infiltration with carcinomatous or leukaemic deposits. 

Anti-purines 
This group includes 6-mercapto purine and 6-azaguanine, analogues of the 
purine bases. Trials of 8-azaguanine for cerebral tumour were not success
ful [15], although the enzyme which deactivates the drug is not present in 
gliomas. DTIC (5-(3,3-dimethyl-l-triazeno) imidazole4'-carboxamide) is 
in this group, which has some potential for delivery to cerebral gliomas. 

Miscellaneous Chemotherapeutic Drugs 
L-Asparaginase 
This enzyme causes hydrolysis of L-asparagine to L-aspartic acid, which is 
an essential amino acid. Since asparagine synthetase is absent in glioma 
cells this drug theoretically could cause critical inhibition of protein syn
thesis in the tumour cells. 

Epipodophyllotoxin VM 26 (4'-dimethyl-epipodophyllotoxin-D-thery-
lidene-glucoside) 
This drug inhibits entry of cells into the mitotic phase of the cell cycle and 
inhibits thymidine incorporation. 

Procarbazine 
This is a derivative of the mono-amine oxidase inhibitor drugs. It exerts a 
complex action on the synthesis of nucleic acids and of proteins, inter
feres with transfer RNA function, as well as probably having a radio-
mimetic effect on DNA strands. It is a cycle-non-specific drug and appears 
to be effective clinically against glioma [16]. 

Hydroxyurea 
This drug acts at the site of the enzyme ribonucleotide reductase, and 
inhibits protein synthesis. 

Corticosteroids 
In some forms of cancer glucocorticosteroids are effective chemothera
peutic agents in their own right. In cerebral glioma they are highly effec-
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tive in controlling cerebral oedema and, since their introduction, have 
made a major contribution to the clinical management of patients with 
glioma of the brain [17]. However, it is not established whether they exert 
an inhibitory effect on glioma cell proliferation./« vitro they may even 
enhance glioma cell growth [18]. 

CHEMOSENSITIVITY TESTING 
An assumption about chemotherapy is that tumours of one organ, for 
example glioma, may be sensitive to a drug which is ineffective against 
tumours of other organs, for example carcinoma of the breast, lung or 
bowel, while being themselves resistant to drugs effective in those 
tumours. This assumption has to a large extent been borne out in practice. 
In the past forty years many thousands of chemicals, most extracted from 
biological sources but many synthesized by chemists, have been screened 
against animal tumours, representing haematological malignancies and a 
panel of solid tumours of different organs, in an attempt to find effective 
chemotherapeutic agents. A handful of drugs have been synthesized with 
an anticipated anti-tumour effect, based on rational biochemical predic
tions. However, most useful agents have been established by taking agents 
with some activity in the animal screen, and then moving on to clinical 
trials in man against a panel of various cancers to look for a biological 
effect. The animal brain tumours employed in this way to screen for acti
vity in new drugs have generally themselves been induced by chemical 
carcinogens, although virus-induced gliomas and gliomas spontaneously 
arising in experimental animals are also available [19]. Usually the glioma 
is passaged from animal to animal, either by intracerebral inoculation or by 
injection at a more readily accessible site, like the flank. Much of this 
experimental work has been done not with astrocytoma, which is the most 
common type of human glioma, but with other histological types, parti
cularly ependymoblastoma and gliosarcoma. Such experimental study 
models are very artificial analogues of the human tumour, and are rela
tively insensitive so that they may not reveal the activity of weakly active 
agents. 

Many tens of drugs have been tested in this way and most have been 
used against human brain tumours in Phase I or Phase II studies (see 
below). Unfortunately, in some cases it has not been possible to obtain a 
definite answer to drug efficacy, due to variation in selection of patients, 
dosage of drug or end-point chosen to assess results. 

Largely for this reason chemotherapists concerned with the treatment 
of malignant gliomas have attempted to develop laboratory methods to 
measure the sensitivity of individual tumours to drugs. By a rational selec
tion of drugs based on some sort of in vitro or in vivo test it should be 
possible to maximize the anti-tumour effect and to minimize associated 
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toxic reactions, by dispensing with drugs to which a class of tumours, for 
example malignant gliomas, are, in general, resistant. 

A second theoretical assumption is that cells from the individual 
tumours of different patients of identical histological appearance may 
have differing sensitivities to drugs. In some types of tumours, including 
malignant glioma, tissue culture methods have been used to assess anti-
tumour effect of chemotherapeutic drugs, and have shown that apparently 
identical tumours exhibit a wide range of chemosensitivity and that this 
may correlate with the clinical outcome in the patient [20-22]. This 
offers the potential to screen for chemosensitivity in an individual patient's 
tumour in an attempt to plan optimum chemotherapy. In vitro methods 
for determination of chemosensitivity generally consist of treatment of 
cells for a period with graded concentrations of drugs and, after variable 
periods of exposure and recovery, measurement of residual cell viability. 
Drug-induced changes in metabolism or cytotoxicity can be measured by 
isotope uptake or release, or by morphological changes in cells, cell counts 
or colony formation. Malignant glioma is one human tumour which readily 
lends itself to in vitro chemosensitivity assay. It is possible to initiate cul
tures from nearly 90 per cent of surgical brain tumour biopsy samples, 
an unusually high percentage for a human primary tumour. About one-fifth 
of these cultures will give rise to established cell lines, while remaining cul
tures die out within 50 passages. Cell cultures from cerebral glioma are 
not contaminated with stromal fibroblasts, although there may be an 
appreciable component derived from endothelial cells within the tumour 
[18]. Easty and Wylie [23] used the microscope to count cells remaining 
in culture after drug treatment and demonstrated a range of chemosensiti
vity in human gliomas. Other workers [24-26] have used morphological 
changes in fixed and stained, drug-treated glioma cells to determine 
sensitivity to cytotoxic agents, antibiotics and glucocorticoid steroids. 

Cloning assays, which rely on the emergence of colonies of cells from 
stem cells within the tumour, have been used successfully to correlate in 
vitro sensitivity and clinical behaviour in myeloma and ovarian carcinoma 
[22]. Rosenblum [27] has developed a cloning assay for use in the chemi
cally induced experimental rat glioma, and has recently applied the assay 
to human glioma [28]. Although the cloning assay may be the best 
approach on theoretical grounds to the assessment of chemosensitivity of 
the stem cells of a tumour, not all tumours readily form colonies under a 
particular set of conditions. The tests are technically complicated and time-
consuming to perform and these factors limit their routine use. A micro-
cytotoxicity assay, applicable to large numbers of glioma samples, has 
been developed by Kornblith and Szypko [29]. Cells are treated in micro-
titration plates, containing sixty separate wells, which allow numerous 
variations in dosage and timing of drug exposure to be studied. After 
recovery the remaining cells are counted and a dose of drug which achieves 
a 50 per cent reduction in cell count determined. In 24 gliomas tested 
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against BCNU they found a fivefold range in chemosensitivity, with three-
quarters of the tumours insensitive in vitro to BCNU at the concentration 
approximating to that attained by chemotherapy in vivo. 

A method which measures glioma chemosensitivity by employing scin
tillation autofluorography in microtitration plates, and is suitable for 
routine use in large numbers of tumour samples, has been developed by 
the author and co-workers [30]. These studies have shown that malignant 
glioma in vitro displays a wide range of chemosensitivity. When treated 
with CCNU there was a 160-fold range of apparent chemosensitivity in 15 
gliomas (Fig. 5.1a and b). When the frequency distribution of the sensi
tivity of these tumours is examined, comparing the distribution at short 
periods of recovery after drug exposure to that late on, it appears that the 
peak drug concentration fell from within the range 4 X 10"5 M to 1 X 
10"5 M to lie in the range 1 X 10"5 M to 7 X 10"6 M (Fig. 5.1a). This may 
represent a latent drug effect, and thus disclose a proportion of tumours 
which are relatively sensitive, at the right side of the histogram (Fig. 5.1b). 

Other experimental approaches to chemosensitivity testing of individual 
tumours have employed transplant of glioma biopsy material to animal 
hosts, and subsequent treatment of the host with chemosensitivity drugs. 
In this type of xenograft experiment, special precautions have to be taken 
in order to obviate destruction of the transplanted tumour by immunologi-
cally based transplant reactions. This can be done by using as the host 
either nude mice, which are congenitally deficient in their lymphocyte 
function and transplant response, or mice which have been made immuno-
logically deficient by thymectomy and irradiation as neonates. When the 
glioma is grown in the flank of such hosts direct measurement may be 
made of its change in size in response to drug administered to the host 
animal. Studies of this kind have shown a range of sensitivity in human 
gliomas subjected to irradiation treatment and chemotherapy in animal 
xenografts [31]. Practical difficulties of the method include a low rate 
of successful take of the transplant and the need for specially prepared and 
carefully handled host animals. A more fundamental limitation to the 
method's potential use for prediction in the individual patient is that the 
transplanted glioma appears to grow at approximately the same rate as the 
residual tumour in the human patient's brain. Therefore, information 
about the tumour's response in the laboratory animal to chemotherapeutic 
drugs is not available in time to anticipate events in the patient. 

PHARMACOLOGY AND DRUG DELIVERY 
Delivery of the chemotherapeutic drug to the tumour and maintenance of 
effective levels during treatment are pharmacological considerations which 
are vital to the rational planning of chemotherapy and to interpretation 
of results of empirical clinical studies. 
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Fig. 5.1. a, Scatter diagram of brain tumour 
chemosensitivities following in vitro treatment 
with CCNU and either short (4-24 hours) or 
long (4-12 days) recovery. · = ID5 0; ■ = 
IDl 0 . b, Frequency histogram showing distribu
tion of brain tumour chemosensitivities follow
ing short (4-24 hours) or long (4-12 days) 
recovery after treatment with CCNU. 
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In order to be effective against a malignant glioma cell a chemothera-
peutic drug has not only to be delivered to the appropriate site but has to 
attain adequate concentration for a sufficiently long period of time to kill 
the malignant cell. Drug delivery in practical terms depends on many 
properties of the drug, including whether it is aqueous- or lipid-soluble, 
its molecular weight, degree of binding to plasma proteins and its degra
dation by metabolism in the body. Many of the environments to which the 
drug is exposed during delivery are unfavourable. An orally administered 
drug, like CCNU or procarbazine, passes through the acid pH of the 
stomach and the enzymes of the small bowel, before crossing the intestinal 
wall and passing through the hepatic portal circulation to the liver. It is 
then exposed to degradation by enzymes in the liver. In the blood the drug 
is also subject to enzymatic degradation as well as to ionization in the 
aqueous phase, and it may become bound to serum proteins. 

Blood enters the brain through 'end arteries' with regional perfusion 
territories. The intact brain has a very specialized relationship to the circu
lation. The capillaries of normal brain are composed of endothelial cells 
with 'tight' junctions between them so that the fenestrations formed by the 
endothelial cells constitutes a filter with pores 5-7 Angstrom units in 
diameter [32]. The adjacent compartment to the capillary is the extra
cellular space (ECS), which is in contact both with brain capillaries and 
with the intracellular space (ICS) of neurones and of glial cells, as well as 
with the cerebrospinal fluid (CSF) which drains back into the circulation 
via the arachnoidal villi of the venous sinuses. This effective blood-brain 
barrier (BBB) at the cerebral capillary is altered to some extent by patho
logical changes in brain, including the presence of malignant glioma, but 
in normal brain the passage of a drug across the BBB is proportional to its 
degree of fat solubility, i.e. its lipophilic nature. Aqueous-soluble, i.e. 
hydrophilic, molecules with a molecular weight above 180 are excluded by 
the BBB from entry into the ECS of the brain [33], as are probably also 
lipophilic molecules of molecular weight above 450. 

The ECS is an aqueous medium, and this compartment interchanges 
water and other molecules with ICS and the CSF. Once in the ECS the 
chemotherapeutic drug has to pass through the plasma membrane of the 
glioma cell and the aqueous environment of the cell cytoplasm before 
reaching its final target, the nucleus or other vital organelle. 

In the brain, blood from the venous end of cerebral capillaries, carrying 
unabsorbed drug or that drug returned from the ECS, drains into the 
venous sinuses. A further, special, route is provided by the CSF which in 
turn drains through the arachnoid villi into the durai venous sinuses. 

There are several special changes which occur in the circulation of malig
nant glial tumours which may be very important to rational planning of 
drug delivery in order to obtain maximum absorption and anti-tumour 
effect with minimal systemic toxicity. In the central areas of malignant 
gliomas of the brain, the normal vascular anatomy and physiology is 
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altered in several ways. The BBB is to some extent broken down, and the 
capillary endothelium, particularly in malignant glioma, has wide 'gaps' in 
it [34]. Capillaries in the tumour are also probably spaced further apart, 
possibly by a factor of two to three times, making it more difficult for 
nutrients or drugs to reach cells by diffusion. Blood flow through capil
laries in malignant tumours, particularly in areas which show necrosis, 
is probably diminished. However, it is likely that at the infiltrating edge of 
a malignant glioma, where normal brain is only diffusely involved by 
tumour, capillary anatomy and physiology remain to a large extent intact. 

It has been possible to study the behaviour of isotopically labelled 
molecules in experimental [35] and human [36] tumours and also to 
generate theoretical models of the flow between the compartments de
scribed above [37]. It appears that the most critical factor limiting drug 
delivery in brain tumour chemotherapy is permeability at the BBB. The 
most important characteristic determining permeability of a drug at this 
barrier is its lipid solubility. This can be quantified by the octanol-water 
partition coefficient, that is log P (log P = log10 octanol solubility/water 
solubility [38]). Two nitrosoureas used in glioma chemotherapy have 
relatively high log P: BCNU, molecular weight 214, log P 1-53 and CCNU, 
molecular weight 234, log P 2*83. Such lipophilic chemotherapeutic drugs 
are freely transported from blood to brain, although this transport in prac
tice may be limited by low blood flow in the relatively ischa'emic parts of 
a tumour. This type of drug can attain similar tissue concentrations 
throughout the tumour and in normal brain. The tissue levels will gradu
ally fall as blood level falls but, because there are no steep concentration 
gradients, there is no particular tendency for the drug to drain from the 
tumour into CSF or normal brain. There are some reservations on these 
theoretical advantages of lipophilic drugs. In use, drugs must be suffici
ently soluble in aqueous media, like the blood, to be delivered physiologi
cally to the blood-brain barrier, and excessive lipid solubility may also 
limit diffusion within the ECS. 

Drugs which do not cross the normal BBB may pass into the tumour 
through abnormal, 'leaky' capillaries. However, the drug which does not 
cross an intact BBB but only a leaky one into tumour tends to fall rapidly 
in its concentration within tumour by diffusing down steep concentration 
gradients into normal brain or CSF. This reduces the period of exposure of 
the tumour to effective high drug concentrations. It is also probable with 
this type of drug that the outer shell of tumour which is most nearly nor
mal, and most viable, is relatively under-treated. 

Certain hydrophilic drugs of low molecular weight, for example 5FU, 
may exchange relatively freely between plasma and extracellular water. 
Binding of a drug to plasma protein is a characteristic that critically affects 
its behaviour at the BBB or within the ECS. The drug, while it is bound, 
takes on the size, shape and transport properties of its carrier protein. The 
release of the drug at the barrier or at the target tumour depends on the 
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avidity, that is the disassociation constants, of its binding with the carrier 
protein. 

ROUTES OF DRUG ADMINISTRATION 
Systemic 
The most commonly used chemotherapy for glioma has been systemic 
administration by oral, intramuscular or intravenous means. These 
methods are relatively easy and convenient for both patient and chemo-
therapist. However, when administered by these routes, a drug encounters 
all the unfavourable factors mentioned above. The behaviour of CCNU, a 
drug effective in glioma, is an example of what can be achieved in drug 
delivery by the systemic route. Walker and his colleagues, using isotopi-
cally labelled drug, have studied uptake of CCNU, a lipid-soluble agent, 
following oral administration to patients with malignant glioma of the 
brain [36]. There is rapid, almost complete absorption with a peak plasma 
level at 1 hour. The drug is quickly transformed to other active products. 
These may be bound to macromolecules, through alkylation of nucleic 
acids and proteins, as well as by carbamoylation of proteins in tissue. In 
plasma approximately half the drug is protein-bound. The maximum CSF 
level attained is under half that in plasma. However, tissue levels in glioma 
biopsied at periods of 1-3 hours after drug administration by mouth show 
levels similar to those in plasma. There is rapid urinary excretion, and 
about 70 per cent of the drug's products are excreted by this route in a 
period of 1 week. 

Intra-arterial Route 
Intra-arterial injection offers the theoretical advantage of high initial drug 
concentration achieved with less systemic exposure of the rest of the body 
to the drug [39]. However, this advantage is not sustained after the first 
passage through the circulation, although there may be a conceivable ad
vantage for some very rapidly absorbed drugs. This route also avoids the 
possibility of breakdown of the drug in the hepatic portal or pulmonary 
circulations. Similarly this route is of no value if enzymatic metabolic 
steps in the liver are required for activation of a particular drug. A great 
deal of technical ingenuity has been applied to the catheterization of ves
sels in the neck in order to perform this sort of drug delivery and the tech
nical problems can be surmounted. At this stage in the development of 
chemotherapy, however, these methods have not proved superior to less 
invasive ones. 

The Intrathecal Route 
It is possible to bypass the BBB by intraventricular or intrathecal lumbar 
puncture. These routes introduce the technical problems of repeated 
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cannulation, with the possibility of neural damage and infection as well as 
technical difficulties with blockage of implanted catheters [11, 15]. There 
may be also direct toxic effects of the drug on the nervous system, especi
ally if CSF circulation and absorption are disturbed by the tumour's pre
sence. However, this route has found definite acceptance for treatment of 
leukaemic and carcinomatous infiltration of the méninges. Methotrexate 
can be administered in this way [11]. It is a water-soluble, ionized drug of 
454 mol. wt, which does not cross the BBB. However, when injected 
directly into the CSF it attains adequate levels in the subarachnoid space 
and in the Virchow-Robin clefts around piai vessels entering the brain, and 
in the superficial brain parenchyma. It is effective against leukaemic and 
carcinomatous infiltration of the méninges. 

Intra-tumoral Route 
The injection of drugs into the cavity left after surgical resection of cere
bral glioma has been attempted, without systemic toxicity and with rela
tively few serious complications [40]. Changes in residual tumour due to 
the chemotherapy have been demonstrated, but the clinical effects have so 
far been disappointing. 

CELL KINETICS OF GLIOMA 
Frequent mitoses are seen in histological sections of glioma and are generally 
most frequent in those tumours which, judged by other morphological 
features including anaplasia, endothelial proliferation and necrosis, appear 
to be the most malignant. Before methods became available to 
measure cell proliferation, it was commonly assumed that all cells within 
a glioma were growing and that the rate of their proliferation was greatest 
in the most malignant. With the advent of isotopie tracers and their use to 
follow nucleic acid synthesis in replicating cells [41] it has become evident 
that the situation is more complex. In a solid tumour, like a glioma, there 
exist populations of both proliferating and non-proliferating or resting 
cells. There is some movement between these cell pools, and cells are also 
constantly dying and being removed. Cell loss is a feature of both normal 
and neoplastic tissue. Mature normal cells may fail and be replaced, while 
in a malignant glioma areas of necrosis are frequent, probably due to a 
failure of vascularization and local nutrition. Tumours increase in size 
because there is an increase in the proportion of proliferating cells, with 
possibly some tumour cells proliferating faster than their i normal equi
valents, and because cell loss exceeds cell removal, so that dead cells con
tribute to tumour bulk. 

Different types of tumours have different lengths of cell cycle and very 
different proportions of the tumour cell population either growing or 
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Proliferating cells Non-proliferating cells 
= Growth Fraction (GF) 
Approximately 1 5-30% of total Approximately 85-70% of total 

Fig. 5.2. Cell kinetics in human glioma. 

resting, i.e. different growth fractions. The normal cells from different 
tissues of the body also have individual cell kinetic profiles [42]. The 
cycle-specific drugs kill only proliferating cells in the growth fraction, 
while the cycle-non-specific drugs affect also resting cells. The cycle-
specific drugs may be further sub-divided into those which are phase-
specific or non-phase-specific, according to whether or not their action is 
restricted to a particular part of the cycle or replication and division of a 
proliferating tumour cell. Knowledge of the cell kinetic properties of any 
malignant tumour, including glioma, is therefore relevant to the rational 
choice of chemo therapeutic drugs as well as for deciding timing of drug 
treatment [43]. Using such information it may also be possible to plan 
to minimize the toxic effects on normal proliferating body cells [44]. 
Such relevant knowledge of the biology of cell growth has been obtained 
from animal and human research. The critical stages of the cell cycle have 
been determined and a general scheme of cell kinetics applicable to any 
solid tumour has been demonstrated (Fig. 5.2). 

The resting, non-proliferating pool of cells is termed G0. This consists 
of cells which may re-enter the proliferating pool and sterile cells which 
may die and eventually be removed (cell loss factor, CLF). It is not known 
what influences cause a tumour cell to pass into or out of G0, but possibly 
reduction of tumour bulk by surgery may encourage resting cells to re-
enter the growth cycle. The proliferating cells, undergoing cell division, are 
in one of four specific phases of the mitotic cycle. These are defined on 
the basis of desoxyribonucleic acid (DNA) content within the nucleus and 
are termed M, Gi, S and G2. The M phase, or mitosis, is visible under the 
light microscope and consists of distribution of previously replicated 
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chromosomes containing DNA to two daughter cells and accompanied 
by physical division of the cell into two. Normally each daughter cell 
is diploid, that is, it contains a IN complement of DNA, in this post-mito tic 
gap phase, termed G1. Tumour cells may have irregular chromosomes and 
are commonly aneuploid. During Gj phase, cells are available to move into 
the non-proliferating G0 pool, or to proceed to a further cell cycle. Syn
thesis of enzymes, protein and ribonucleic acid (RNA) occurs and, in those 
cells which proceed in the cycle, the next phase, termed S phase, begins 
with the synthesis of DNA. During S phase the genetic material DNA in
creases from IN to AN, as the chromosomes are duplicated. At the com
pletion of S phase there is a short gap, termed G2, before mitosis starts. 
In this pre-mitotic phase further protein and RNA synthesis takes place. 
The ratio of proliferating cells in cell cycle to non-proliferating cells in G0 
is termed the growth fraction (GF). The period of time required for the 
cycling cell to pass from one mitosis to the next is termed cell cycle time 
(JTC). If the GF were 100 per cent the theoretical doubling time of the 
tumour (Tp) would be the same as the cell cycle time (Tc). However Tp 
is longer than Tc in tumours, like glioma, where the GF is much less than 
100 per cent, and where a further factor of cell loss (CLF) operates. The 
actual observed tumour doubling time (Τά) is therefore considerably 
longer. 

Many values of these parameters, specific to glioma in animals and in 
man, have been determined in the past decade by Hoshino and co-workers 
[45-47]. Most of the experimental techniques which have been used in 
these studies rely on isotopie labelling of precursors of DNA, coupled with 
histological studies of radioautographically stained sections of tumours. 
One cell kinetic characteristic, the labelling index (LI), may be determined 
by administering a dose of the DNA precursor thymidine, labelled with 
tritium, to the intact host animal or human patient shortly before tumour 
biopsy. Only cells in the S phase, carrying out DNA synthesis, at the time 
of the 'flash' labelling will take up the isotope. Subsequently these cells can 
be identified and counted in an autoradiograph of the tumour section. The 
LI gives an approximate measure of the proliferative activity in a glioma 
studied in this way. In grade I, well-differentiated human astrocytoma, LI 
has been measured at 1-2 per cent, in anaplastic astrocytomas 3-11 per 
cent and in highly malignant gliomas 8-17 per cent (Table 5.1). However, 
even if the labelling indices of tumours are the same, their growth fractions, 
and consequently their doubling times, may differ widely. Other cell kine
tic parameters in addition to the LI, therefore have to be determined, 
using different isotopie labelling techniques or by means of indirect calcu
lations, in order to fully compare different tumours. Newer methods, parti
cularly flow microfluorometric techniques (FMF), are capable of analysing 
biopsy material with no prior isotope administration to the patient. These 
techniques are also more rapid and offer the possibility of producing 
results in the individual patient within days rather than weeks or months 
generally required by radioautographic methods. 
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Table 5.1. Cell Kinetic Data for Glioma 

Experimen tal animal Human glioma 
glioma 

20 h 2-3 days (52-3-69-1 h) 
6-7 h 
10 h 9 h (average 5-13 range) 
2-2-5 h 
1-2 h 

15-30 per cent 
80-85 per cent 
1-2 per cent astrocytoma 

Grade I 
3-11 per cent astrocytoma 

Grade II-III 
8-17 per cent astrocytoma 

Grade IV 

Data of Hoshino [45-47] . 

It has proved possible ethically to transfer some of the methods from 
animal work to study patients with malignant glioma, and to calculate 
many of the kinetic characteristics of human glioma as well as those of 
tumour-bearing experimental animals (Table 5.1). 

The measured growth fraction (GF) in the non-necrotic areas at the 
prolife rating edge of human malignant gliomas has been in the range 15-40 
per cent with an average of 30 per cent. Allowing for the presence of 
necrotic areas in the tumours, where the G F is virtually zero, a value of 
nearer 15 per cent may be assumed for the overall average in human malig
nant glioma. The cell cycle time (Tc) has been found remarkably constant, 
with an average of 2-3 days, as is the duration of S phase, with a duration 
of 7-10 hours. 

These cell kinetic characteristics of human glioma have theoretical im
plications for clinical chemotherapy. At the time of diagnosis and surgery 
a cerebral glioma may commonly be 3-5 cm in diameter, as shown by 
computerized tomography or other neuroradiological investigations. 
Approximately 109 cells occupy 1 ml volume, so that an approximately 
spherical tumour of 4 cm diameter may be assumed to contain of the 
order of 3-3 5 X 1010 cells. 

Tumour cell kill may be expressed on a logarithmic scale in which a ten
fold reduction of cells is a Ί log kill', i.e. 90 per cent reduction = 1 log, 
99 per cent reduction = 2 log, 99-9 per cent = 3 log. 

Partial surgical resection of a glioma may be expected to reduce tumour 
bulk by anything from 50 to 90 per cent, i.e. up to 1 log cell kill. If chemo
therapy with a cell-cycle-specific drug is then administered in the optimal 
theoretical way, maintaining therapeutic levels throughout one cell cycle, 
that is about 2-3 days, at best only those cells in the growth fraction, i.e. 
15-30 per cent, could be killed. The number of cells affected would only 

Cell cycle time (Tc) 
Gl phase 
S phase 
G2 phase 
M phase 
Growth fraction 
Cell loss factor (CLF) 
Labelling index (LI) 
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be 15-30 per cent of the total number, 3-35 X 10ιυ, that is approximately 
1 X 1010, reducing the total to 2-35 X 1010. This would represent much 
less than a 1 log cell kill, and chemotherapy alone in this way would 
reduce the tumour diameter in the order of 10 per cent only. If the cell-
cycle-specific drug was maintained at effective levels for a shorter period, 
for example 10-12 hours, only that fraction of the cells within the GF at a 
phase sensitive to the particular drug would be affected. This would limit 
even further the theoretical maximum cell kill, so that perhaps only 
5-10 per cent of cells in a malignant glioma would be affected. 

A subsequent retreatment with cell-cycle-specific drugs, after the 
proliferating cell population had been reconstituted by cells recruited 
from G0, if effective to the same extent, would at most only reduce the 
number of tumour cells to 0-7 X 1010. It is therefore unlikely, on cell 
kinetic grounds, that chemotherapy with cell-cycle-specific drugs will 
achieve a significant reduction in glioma bulk. 

Cell-cycle-non-specific chemotherapeutic drugs, on theoreticalcellkinetic 
grounds, are more likely to be effective because a major proportion of all 
cells in the tumour may be killed, rather than only those in GF. Drugs like 
the nitrosoureas, BCNU and CCNU, which are clinically effective in 
glioma, may exert a 2 to 3 log cell kill following one course of treatment. 

It is not known how quickly cell recruitment from G0 occurs, nor how 
quickly cell loss (CLF), i.e. removal of dead cells, occurs. However, assum
ing a cell cycle time of 3 days, GF of 30 per cent and zero CLF, after a 
course of chemotherapy with a 2 to 3 log cell kill, the tumour will take 
between 53 to 78 days to repopulate [46]. One reason why cell-cycle-
non-specific drugs alone are not curative is that the GF may increase during 
chemotherapy. Therefore, to obtain a stepwise reduction in tumour mass, 
the second course should be given within this time. If the GF increases 
after successful treatment, assuming the most favourable pattern of repopu
lation with GF approaching 1-0, the minimum times for repopulation fol
lowing 2 log and 3 log cell kills would be 20 or 30 days respectively [46]. 
Therefore retreatment with courses in 3-4 week intervals may result in 
stepwise decrease in tumour size. If cell loss factor (CLF) is appreciable 
the courses of chemotherapy may be spaced further apart and, as the toxi-
city of most agents relates to recovery of normal cells, this may be advan
tageous. Cell kinetic considerations also suggest that cell-cycle-specific 
agents may have a place after gross surgical or radiotherapy ablation of 
the tumour, when a small residual tumour mass may contain a high GF, or 
in combination with cycle-non-specific agents which have effects similar to 
surgery or radiotherapy, that is, inducing a high GF in residual tumour. 

Theoretical cell kinetic considerations are relevant to rational planning 
of combinations of chemotherapeutic drugs, as well as in selection of 
dosage and timing of administration, in order to achieve the optimal result. 
The rationale for combination of chemotherapeutic drugs with differing 
mechanisms of action, and often rather different limiting toxicity, is to 
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achieve an additive or even potentiated therapeutic effect, while main
taining toxic side effects at tolerable levels. A method, which on theore
tical cell kinetic grounds may be expected to enhance the effect of cell-cycle-
specific drugs, is cell synchronization. In the untreated glioma proliferating 
cells in the growth fraction are very numerous and at any one time they 
are randomly distributed through the phases of cell cycle in their progress 
towards cell division. Administration of an agent able to synchronize the 
dividing cells, so that all pass through the given phases of the cell cycle in 
step, would confer an advantage when, subsequently, a cell-cycle-specific 
drug was administered. Such an advantage has been claimed for the com
bination of VM26 and CCNU [48] and for bleomycin [49]. 

The effect of drug on tumour is proportional to its dose, but the toxi-
city on proliferating normal marrow or gut cells tends to be cumulative 
over time, with repeated doses. There appear to be differences in dose 
response curves of malignant cells and normal marrow or gut stem cells to 
a given drug, and these differences are probably in large part due to dis
similar cell kinetic profiles, for example GF and cell cycle time. Generally, 
intermittent high dose chemotherapy at maximum tolerated dose, re
peated as soon as the toxic effects have worn off, offers the optimum 
effect on tumour with least toxicity [42,44]. 

CLINICAL TRIALS IN CEREBRAL GLIOMA 

Nearly every drug which has been developed as a chemotherapeutic agent 
has been administered to some patients with glioma of the brain. Unfor
tunately the results of many studies have been disappointing and difficult 
to interpret. In order to make better progress in future it is important to 
consider basic principles of chemotherapy trials in patients with cancer, 
and to review some studies in glioma which are sufficiently thorough and 
well designed to stand up to critical examination. 

The sequence of trials which any chemotherapeutic drug passes through 
before it eventually gains acceptance in routine practice as an effective 
agent can be divided into three phases. Although not all drugs go through 
these phases in a clear-cut, precise way it is important to recognize the 
separate stages involved. Phase I is the first trial of a new drug in man, 
undertaken with informed consent of the patients. At this point the drug 
has shown activity in treating animal tumours and the toxic effects in 
experimental animals have been determined. The purpose of this sort of 
study is to establish the maximum tolerated dose and the toxic effects 
in man. The patients who are submitted to this treatment are those in 
whom all conventional therapy has failed, although they have not neces
sarily reached a terminal condition. About 20 patients with a variety of 
tumours, usually not including glioma, are closely studied, primarily to 
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establish the acceptable dose and means of administration of the drug. It is 
also hoped that an anti-tumour effect will be seen in the human patients. 

Phase II trials consist of the testing of a new drug in a group of patients 
with a single type of tumour. Generally these patients have recurrent 
tumours and conventional methods of treatment have been exhausted. 
Using the pharmacological information from Phase I trials about dose and 
toxicity, the drug is used to look for any response to therapy which might 
indicate potential benefit for patients with that specific type of tumour. 
Several Phase II trials have been conducted with glioma patients, in some 
cases with response rates of 50 per cent or more and with the remission 
sustained for 6-9 months [16, 50-54]. It is on the basis of such encourag
ing results that further prospective randomized controlled trials are plan; 
ned, or alternatively if the results are discouraging, the drug is abandoned. 
The Phase III trial consists of such a controlled prospective randomized 
study in which careful statistical design and analysis is applied to compare 
the effect of the new drug treatment with what is considered the best cur
rently acceptable conventional methods, which may include some other 
form of chemotherapy. This establishes objectively whether there is a 
benefit conferred by chemotherapy with a particular drug, and also indi
cates whether such benefit, if it exists, is substantial or only marginal. 

During these trials human toxicology and pharmacology can be studied 
in detail, and the optimum dosage and routes of administration established. 
Often this is a very empirical process, with many compromises accepted in 
order to achieve a regimen which is acceptable in routine practice. In Phase 
II and Phase III trials in patients with cerebral glioma particular problems 
arise when assessing results. These tumours are comparatively rare, and 
simple statistical randomization of the patients as they are diagnosed, allo
cating them arbitrarily between new drug treatment and best conventional 
methods, may not be sufficient to remove bias in results due to aggrega
tion in one group of those with more favourable natural prognosis. The 
best way to avoid such bias is to stratify the patients before randomization 
by assessing them according to any known prognostic factors, for example 
histological grade or age. These factors are taken into account when the 
input into the different treatment groups is matched. In many previous 
trials of glioma chemotherapy patients with astrocytoma of intermediate 
grade and malignant grade have been mingled with those with oligodendro-
glioma and ependymoma, where it is known that the natural history of 
these different tumours is significantly different. Exact information about 
whether certain clinical factors, for example side or site within the brain, 
which were thought to carry either a favourable or unfavourable prog
nosis have emerged during the course of chemotherapy trials [55], and 
some preconceptions have been corrected. In this way a better under
standing has been achieved of factors which should be considered in 
stratifying glioma patients prior to randomization. 

Another controversial problem is which parameters should be measured 
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in the patients in order to assess improvement following chemotherapy. 
Survival time in patients with malignant glioma treated by conventional 
methods is short, in the region of 6 months on average. Time to death can 
generally be easily determined and survival from time of surgery, radio
therapy or chemotherapy accurately determined. However, this measure
ment does not specify the quality of survival, and can be deceptive, in 
that chemotherapy patients are more likely to be treated terminally in 
hospital, possibly prolonging their survival, while those in untreated con
trol groups are often nursed at home. A second method is to measure rate 
and quality of remissions induced by chemotherapy drugs in patients with 
residual or recurrent glioma. In order to do this, objective criteria, for 
example scales for assessing function which can be measured by clinical 
examination, are required. The Karnofsky scale (Table 5.2 [56] ) permits, 
by repeated serial examination of the patient over a period of months, the 
response to be estimated in a quantitative way. Neuro-radiological investi
gations, particularly non-invasive studies like CT or isotope scanning, can 
be repeated regularly and quantitative scales to report the results of these 
tests have been developed. One future area for development is the use of 
biochemical markers of tumour mass to monitor regression or recurrence. 
Several laboratory assays have been proposed [57, 58] but so far with 
limited practical advantage. 

These sorts of objective measurement of response to treatment have 
most commonly been applied in Phase II studies, when patients with 
recurrent glioma are treated at some time, relatively late, after surgery 
has been performed and radiotherapy completed. In this type of trial these 
methods of assessment allow objective measurement of tumour regression 
and may obviate the need for untreated controls, when what is being 
sought is evidence simply of tumour regression. However, in order to 
achieve an effect which is tangible by these methods of measurement, a 
drug requires to exert a cell kill in excess of 1 log, so that the effect of 
weaker drugs may be overlooked. A further disadvantage is that change in 
steroid dose during follow-up can also influence parameters of this kind. 

With modification these parameters can be used to assess selected 
patients who are subjected to a prospective randomized trial of adjuvant 
chemotherapy commenced directly after surgery and radiotherapy. This 
can be done by measuring the length of the free interval before recurrence 
takes place. Unfortunately only a proportion of patients with cerebral 
glioma are entirely free of, or with only minimal, clinical signs and radio
logical evidence of residual tumour when they commence chemotherapy 
in this sort of Phase HI trial. However, those who meet these criteria can 
be followed during treatment, and measurements made of the period of 
time before tumour regression, as determined by sustained change in Kar
nofsky score and/or in CT or isotope scan during serial examinations, is 
detected. 

Differences in approach to measurement of results, particularly when 



Table 5.2. Karnofsky Scale of Patient s Performance 

Definition (%) Criteria 

Able to carry on normal activity and to work; no special 
care is needed 

Unable to work; able to live at home, care for most 
personal needs; a varying amount of assistance is 
needed 

Unable to care for self; requires equivalent of institutional 
or hospital care; disease may be progressing rapidly 

100 Normal; no complaints; no evidence of disease 
90 Able to carry on normal activity; minor signs or symptoms 

of disease 
80 Normal activity with effort; some signs or symptoms of 

disease 
70 Cares for self; unable to carry on normal activity or to 

do active work 
60 Requires occasional assistance but is able to care for most 

of his needs 
50 Requires considerable assistance and frequent medical 

care 
40 Disabled; requires special care and assistance 
30 Severely disabled ; hospitalization is indicated, although 

death not imminent 
20 Very sick; hospitalization necessary; active supportive 

treatment is necessary 
10 Moribund: fatal processes progressing rapidly 
0 Dead 
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o Data of Karnofsky et al. [ 56 ]. 
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the available chemotherapeutic drugs are still only modestly active, pro
bably account for some of the conflicting results reported by different 
groups using the same form of treatment. Other reasons include the prob
lems associated with patient selection, mentioned above, and with differ
ences in the dosage and timing of drugs used in different studies. 

RESULTS OF GLIOMA CHEMOTHERAPY 
Nitrosoureas 
The nitrosoureas, BCNU, CCNU and methyl-CCNU, have been investigated 
in numerous chemotherapy trials, which have often been performed on a 
co-operative multicentre basis. 

BCNU is administered by intravenous injection, in a dose according to 
the body surface area of the patient expressed in square metres (m2 ). This 
is calculated from tables relating body weight and height to area. There is 
often transient nausea and vomiting on the day of treatment, which is 
readily controlled with prophylactic anti-emetics. A toxic side effect is 
bone-marrow depression, which occurs late, with peripheral white blood 
cell and platelet counts falling after 3-4 weeks and recovering at 6-8 
weeks, when treatment can be repeated. CCNU and methyl-CCNU have 
the advantage that they can be administered orally, but have similar side 
effects. 

In Phase I or II trials BCNU [50], CCNU [52] and methyl-CCNU [59], 
used alone as single agents, have been found to produce objective remis
sions in a proportion of patients with recurrent glioma. In some trials the 
rate of remission has been in excess of 50 per cent with a sustained benefit 
for 6-9 months. BCNU is possibly slightly superior to the other two in rate 
of remissions induced. In other Phase II studies the combination of BCNU 
with vincristine [51] and BCNU with procarbazine [60] have not proved 
more effective against malignant glioma than drug therapy with the 
nitrosourea alone. 

In a Phase III trial by the Brain Tumor Study Group, organized by the 
National Cancer Institute in the USA, BCNU was found to prolong median 
survival time in patients with glioma when combined with radiotherapy as 
an adjuvant therapy, but not when used alone [4]. This Phase III trial by 
the Brain Tumor Study Group compared four forms of treatment: BCNU 
alone (80 mg m"2 day"1 by intravenous injection on 3 successive days every 
6-8 weeks), radiotherapy alone (5000 to 6000 rad over 5-7 weeks), the 
combination of BCNU and radiotherapy in the above doses, and conserva
tive treatment with neither radiotherapy nor chemotherapy following sur
gery. The use of corticosteroids was carefully controlled to avoid inadver
tent bias in the results. A total of 303 patients was entered and randomized. 
A proportion were later disqualified because of subsequent revision of the 
histological grading of the tumour, excessive use of steroids, or failure to 
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administer the drug treatment correctly. Those patients who passed these 
hurdles constituted the 'Valid Study Group' of 225 patients. Some of 
these died early, within days or weeks of the commencement of their 
treatment and so a further restricted group was defined, the 'Adequately 
Treated Group', of 167 patients. These patients, according to which of the 
appropriate treatment arms of the trial they were in, had to receive at least 
5000 rad of radiotherapy, two or more courses of BCNU, or to have sur
vived 8 weeks or longer from surgery without further treatment. In the 
Valid Study Group the results were, that the group treated with BCNU 
alone had a median survival of 18-5 weeks, that with radiotherapy alone 
36 weeks, that with combined therapy 34-5 weeks, and that with no addi
tional specific therapy 14 weeks. The Adequately Treated Group showed 
more meaningful results, with median survival in the group treated with 
BCNU alone of 25 weeks, that with radiotherapy alone 37-5 weeks, that 
with combination therapy 40-5 weeks, and that with no additional specific 
therapy 17 weeks. 

This confirmed the increase in survival time achieved by BCNU and 
radiotherapy, but BCNU alone was less effective than radiotherapy alone. 
Although combination of BCNU and radiotherapy produced only a small 
increase in median survival the combination appears to make a more signi
ficant effect on longer term survival. At the end of 18 months nearly all 
those patients who had received either chemotherapy or radiotherapy 
alone had died, while 18 per cent of those receiving combination therapy 
survived. 

A further Phase III trial by the Brain Tumour Study Group has con
firmed the increase in survival time achieved by BCNU and radiotherapy in 
combination: 349 patients were entered resulting in a Valid Study Group 
of 263. The effects of BCNU and radiotherapy in the combined doses men
tioned above, radiotherapy alone (6000 rad over 6-8 weeks), methyl-CCNU 
alone (methyl-CCNU 220 mg/m2 orally at 6-8 week intervals), or methyl-
CCNU and radiotherapy in combination in the above doses, were compared 
[5, 61]. In this series the median survival achieved by methyl-CCNU 
alone or methyl-CCNU in combination with radiotherapy was 31 weeks, that 
with radiotherapy alone 36 weeks and that for combination of BCNU and 
radiotherapy 51 weeks. BCNU in combination with radiotherapy therefore 
prolonged postoperative survival time in patients with cerebral glioma. A 
more recent study by the same group confirmed a modest benefit in long 
term (18 months) survival in those treated with BCNU and radiotherapy 
rather than radiotherapy alone, but the differences in survival curves were 
not significant at the 0Ό5 level [62]. 

The results of reported trials with CCNU for cerebral glioma are con
flicting. In a Phase III study, organized by the European Organisation for 
Research and Treatment of Cancer (EORTC) Brain Tumour Group [6] 
CCNU has been found to prolong median survival time but not to increase 
the disease free interval before tumour recurrence takes place. However, 
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Band and co-workers [63] found an increase in the mean time to tumour 
recurrence. Other groups, using different means of patient selection and 
assessment as well as different treatment regimens, have been unable to 
obtain an increase in survival with CCNU [64] or with BCNU, CCNU or 
methyl-CCNU alone [65]. 

Procarbazine 
Procarbazine has been studied in Phase II trials and is undergoing Phase 
III trials by the Brain Tumor Study Group. 

It is a drug which is administered orally, with bone-marrow depression 
as a side effect. 

Phase II trials [16, 66] show encouraging rates of remission, in the 
region of 50 per cent, when it has been used to treat recurrent cerebral 
glioma. 

COMBINATION CHEMOTHERAPY 
Single agent chemotherapy has shown a modest benefit, and combination 
chemotherapy with multiple drugs has been investigated in attempts to 
obtain increased beneficial effects with reduced toxicity. One such combina
tion is procarbazine, CCNU and vincristine. Vincristine is administered by 
intravenous injection. Its toxic effects spare the bone-marrow, but it can 
cause peripheral neuropathy. It has been noted that in Phase II trials 
BCNU and vincristine in combination in the treatment of cerebral glioma 
were not more effective than BCNU alone [51]. Procarbazine in combina
tion with BCNU was also ineffective in a Phase II trial, in which the drugs 
were administered simultaneously at reduced dosage. However, there is a 
suggestion from parallel animal studies that this combination can be made 
more effective than either drug used alone if an early high dose of BCNU is 
followed 4-8 days later by a low dose of procarbazine [60]. 

The rationale for the triple agent combination is that all the drugs have 
different mechanisms of action and different toxic effects. In a study with 
this triple drug regimen Shapiro and Young [67] have attained a projected 
median survival in their patients in excess of 50 weeks. 

It is disappointing that these agents which achieve a high response rate 
in Phase II trials, over 50 per cent in some cases sustained for 6-9 months 
when used against glioma at the time of recurrence, appear only to pro
duce a marginal increase in median survival when used as adjuvants shortly 
after completion of surgery and radiotherapy. It is possible that the cells 
within a tumour which respond to drugs and to radiotherapy are the same 
'sensitive' cells and that most of the remaining viable cells are relatively 
resistant to both modalities of treatment whether used alone or in 
combination. 
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FURTHER DIRECTIONS 
Malignant gliomas are rapidly proliferating, lethal tumours. The proportion 
of tumour which can be removed by surgical methods is limited, and the 
majority of neurosurgeons adopt a policy of partial removal of tumour to 
produce decompression and to obtain biopsy material for histology. It 
is possible by carefully planning the exploration with the help of anatomi
cal information that has become available recently from CT scan examina
tions to maximise the extent of tumour removal and so leave the minimum 
residual tumour burden to be tackled by other modes of treatment [68]. 
It has also been suggested that, in those patients in whom the preoperative 
diagnosis is virtually certain on clinical or radiological grounds, chemo
therapy should be started before surgery [69]. If this were done, those 
cells killed by the first round of chemotherapy would be removed effec
tively by the surgeon, along with the tissue that is routinely evacuated at 
the time of craniotomy. This, on theoretical grounds, should create more 
favourable cell kinetic and pharmacological environments for radiotherapy 
and subsequent courses of chemotherapy to operate in, as well as avoiding 
the troublesome cerebral swelling which can be associated with the accu
mulation of swollen necrotic tumour masses during effective drug therapy. 
A trial based on this rationale has been commenced by the Brain Tumor 
Study Group and results are awaited. 

A special class of drugs, radiosensitizers such as misonidazole and 
metronidazole, can, by countering the protective effect of hypoxia on 
tumour cells, increase the fraction of glioma cells killed by radiotherapy 
[70]. Some other drugs including nitrosoureas, which are chemothera-
peutic agents in their own right, potentiate radiation to tumour cells by 
preventing repair of otherwise sublethal radiation damage [71]. 

New schedules for administering currently available drugs in over
whelming doses have been adopted by some chemotherapists. In one such 
trial [72] the patients have been treated with massive doses of BCNU, 
after marrow and white blood cells have been removed and stored. The 
otherwise fatal toxic bone-marrow depression is reversed by subsequent 
auto-transfusion of marrow and blood. It remains to be established 
whether this will be more effective against patients' malignant gliomas, and 
whether late toxicity in other organs, including lung and kidney, will be 
prohibitive. New methods of drug delivery are being tested, including varia
tions of intra-tumoral and intra-arterial routes, employing liposomes 
which can carry insoluble drugs directly from site of perfusion to and 
through tumour cell membrane [73]. 

New chemotherapy agents are constantly being produced by chemists, 
using rational synthesis or extraction from biological sources. These drugs 
are tested in animal and tissue culture screens, and with the development 
of new animal brain tumour models which more closely resemble the 
human situation, as well as with the use of panels of cultured human 
glioma cells, it is hoped that more promising drugs for use in glioma will 
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be obtained. The nitrosoureas were rationally synthesized with the aim of 
crossing cell membranes and are amongst the first and most effective 
chemotherapeutic drugs which have been rationally synthesized [74]. The 
potential of the nitrosoureas for chemotherapy in glioma is being exploited 
further by employing chemical modifications of the molecule to create 
varieties with more anti-tumour effect or with more effective absorption 
and delivery to brain. It is unlikely that there will be a major advance, in a 
step-wise fashion, in the management of cerebral glioma by chemotherapy, 
as there was, for example, in the chemotherapy of bacterial disease with 
the advent of antibiotics. However, modest advances have been made, and 
nitrosoureas as adjuvant chemotherapy in the management of patients 
with glioma of the brain are taking a routine place in treatment. The basic 
requirements for planning further trials to test new methods have been 
established and some of the basic scientific principles determining the 
effectiveness of drugs in glioma chemotherapy have been defined. 
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A. Norman Guthkelch 

6 The Aetiology and Evolution of Chronic 
Subdural Haematoma 

Although case reports of entities that are recognizable as examples of 
chronic subdural haematoma (CSH) can be found in the medical literature 
prior to 1850 [1], modern studies of the aetiology of CSH are usually held 
to begin with Virchow's well-known review [2]. In this paper Virchow re
jected the majority opinion that a CSH represents the results of a free 
haemorrhage into the subdural space, the periphery of which becomes 
secondarily organized, and suggested that the underlying condition was a 
pachymeningitis, the haemorrhages which he observed both within the 
cavity and within the outer wall of its capsule, being secondary. He may 
have been misled by the fact that in his era CSH was commonly found at 
autopsy in demented patients dying in insane asylums and that in such 
cases a history of injury would often have been lacking. Almost 100 years 
were to elapse between Virchow's paper and the identification of non-
accidental injury [3, 4] as a cause of subdural haematoma, but Virchow 
himself suggested an analogy between CSH and the 'chronic haematomas 
of the external ear of backward children'. One may speculate that both 
conditions were often non-accidentally acquired ! 

As late as 1911, a standard neurological textbook [5] still referred to 
CSH as 'pachymeningitis hemorrhagica', noting its association with general 
paralysis of the insane, chronic chorea, senile dementia and alcoholism, 
but adding that 'head injuries often pave the way for it'. By this time, 
however, CSH was no longer just a pathological curiosity: it had become a 
surgically treatable condition. Trotter [6], on the basis of four consecutive 
personally observed cases, including one autopsy, stated categorically that 
CSH was traumatic in origin, noting that he had always been able to elicit 
a history of injury, that neither at operation nor at autopsy had any of his 
pathological material shown evidence of actual inflammation and that two 
out of the four patients made a rapid and complete recovery following sur
gical drainage of the contained fluid. Since then, the concept of pachy
meningitis haemorrhagica interna as a separate disease has been generally 
abandoned, and the alternative view that the chronic form is only a late 
stage of an unrecognized acute subdural haematoma has been fully docu
mented [7, 8 ] . 

There is, however, some doubt whether the term 'subdural haematoma' 
is accurate. A number of earlier authors [9] believed that in CSH the 
haemorrhage had occurred between the layers of the dura mater rather 
than into the subdural space as usually defined. In its original form the 
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evidence for this view was unconvincing, but recently Friede and Schachen-
mayr [10] have suggested from electron-microscopic studies that the inner 
boundary of what is usually regarded as the subdural space is formed by 
the cells of the border layer of the dura, which is separated by greatly 
dilated extracellular spaces from the remainder of the dura and shows no 
intercellular attachments to it. A subdural haematoma is said by these 
authors [11] to form by cleavage within the layer of durai border cells, 
but to avoid confusion the appellation 'subdural haematoma' will be retained 
in the present review. 

THE INITIAL FORMATION OF A SUBDURAL HAEMATOMA 
The commonest precipitating cause of a subdural haematoma, as Trotter 
first suggested [6], is a head injury of concussive type in which the sudden 
motion of the brain within the skull tears one or more of the cortical 
bridging veins. However, there are also well-documented examples of the 
occurrence of a subdural haematoma in circumstances in which there has 
not been any direct application of violence to the head: it may occur in 
cases of blast injury [12, 13] as well as accidental [14, 15] or non-acci
dental [16] whiplash injury. Although symptomatic subdural haematoma 
is a rather uncommon complication of neurosurgical operations, computer
ized tomography (CT) of patients who have recently undergone craniotomy 
reveals a high incidence of subdural collections of fluid, the density of 
which usually indicates that they contain some proportion of blood, and a 
few of which develop the ring-enhancement characteristic of membrane 
formation before ultimately disappearing completely. 

The list of factors which predispose to the occurrence of subdural 
haematoma is considerable. It includes conditions in which the clotting 
time of the blood is increased, e.g. in haemophilia or as a result of anti
coagulant therapy [17] ; spontaneous subdural haemorrhage can also occur 
in acute leukaemia. Intracranial hypotension associated with brain atrophy 
probably accounts for the relatively high incidence of CSH in old people: 
the possible additional aetiological factor of repeated trauma, including 
the non-accidental variety, in senile and alcoholic patients, has already 
been noted. A further predisposing cause of subdural effusions is the thera
peutic conversion of a state of increased intracranial pressure due to 
hydrocephalus into a low pressure situation. This phenomenon was first 
noticed as a complication of choroid plexectomy and of cerebrospinal 
fluid (CSF) drainage into the ureter [18] but is also seen occasionally 
following the insertion of valved shunt systems [19, 20]. It is particularly 
apt to occur when the hydrocephalus is of long standing, when the ven
tricles are very large and when the closing pressure of the shunt is low. 
Subdural haemorrhage is also encountered from time to time as a conse
quence of the rupture of an intracranial aneurysm through its overlying 
arachnoid and into the subdural space [21]. 
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From the clinical point of view, there is some merit in dividing the life 
history of a subdural haematoma into acute, subacute and chronic phases 
[22]. This chronology proves to coincide quite well with the CT appear
ances. A subdural haematoma is usually hyperdense in the first 7 days, 
isodense in the second and third weeks and hypodense thereafter. Acute 
subdural haemorrhage is commonly seen as a relatively thin layer of blood 
or clot overlying one or both hemispheres of the brain occurring after a 
severe injury with contusion and laceration of the brain substance. The 
disappointing results of the surgical treatment of this condition suggest 
that the presence of the haematoma contributes less to the patient's 
neurological state than does the underlying damage to the brain paren
chyma and particularly the oedema which commonly supervenes soon 
afterwards. In the subacute variety, the patient begins to show clinical 
deterioration with evidence of increasing intracranial pressure a few days 
after the injury and neuroradiological diagnostic procedures (CT scan, 
angiogram, scintillogram etc.) demonstrate the presence of a subdural 
mass lesion, the composition of which varies between almost pure blood 
and a faintly yellow fluid, having a protein and cell content which suggests 
that it is largely composed of CSF. Subacute subdural haematoma pro
bably arises after a relatively large vein has been torn at or near the point 
at which it crosses from the subarachnoid space to the dura. If over the 
next few days the intracranial pressure remains sufficiently low to permit 
further leakage of blood, the effusion may enlarge to the point that it 
causes symptoms: if there is an accompanying tear of the arachnoid, the 
effused blood contains an admixture of CSF which, incidentally, prevents 
it from clotting. The name hygroma (or hydroma) is often applied to a 
subdural collection of fluid in which the ratio of CSF to blood is high. 

The special distinguishing features of a CSH are its complete encap
sulation within a membrane and the fact that there is a latent interval 
amounting to weeks or even months between the presumed initial occur
rence of the subdural haemorrhage and the onset of symptoms of cere
bral compression. However, though the chronology of the changes in the 
CT scan can be regarded as setting the dividing line between subacute and 
chronic lesions at the end of the third week, the distinction may be arti
ficial. There is no a priori reason to distinguish between the onset of symp
toms of delayed cerebral compression respectively after a few days and 
after a period of weeks. Histological studies indicate that only a few hours 
elapse before an effusion of blood into the subdural space begins to pro
voke a fibroblastic reaction of the inner layer of the dura mater which lies 
in contact with it, the resulting neomembrane later extending over the 
inner aspect of the effusion until this is completely encapsulated. During 
the ensuing days or weeks the layer of fibroblasts thickens and is invaded 
by vascular channels budding off from the vasculature of the inner layer 
of the dura. Because of their dilated appearance, these new vessels are 
sometimes called sinusoids: they are particularly prominent within the 
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outer layer of the neomembrane. This layer is rather tightly adherent to 
the inner surface of the dura, while the inner layer is always thinner and 
less vascular and adheres only lightly to the arachnoid, from which it can 
be stripped without injuring the latter, although it forms sleeves around 
any bridging veins which traverse the cavity of the haematoma. 

The arachnoid does not seem to play any active role in the encapsula
tion of a subdural haematoma. Haematomas implanted into the subdural 
space of cats rapidly become encapsulated if the dura is in direct contact 
with the clot, but not if a layer of polyethylene film is interposed between 
these [23]. If, however, the polyethylene is placed between the clot and 
the arachnoid, membrane formation proceeds normally. The dura appears 
to be stimulated to its fibroblastic reaction by the presence of fibrin [24] ; 
preformed blood clots introduced into the subdural space do not become 
encapsulated if they have previously been treated with plasmin to cause 
fibrinolysis [25]. On the other hand, clots composed of pure fibrin with
out any blood cells not only become encapsulated, but are also later in
vaded by red and white blood cells escaping from the new blood vessels in 
the membrane [23]. The fact that it is the presence of fibrin, or fibrin 
degradation products, which stimulates the formation of a subdural mem
brane leads to the important consequence that the fibrin-containing sub
dural effusions which sometimes complicate bacterial meningitis become 
encapsulated in exactly the same way as subdural haematomas, the protein 
content of the fluids in the two conditions being essentially similar [26]. 
Indeed, unless the effusion is actually purulent, it often assumes the 
yellow or orange colour of chronic subdural fluid and numbers of red as 
well as of white blood cells are regularly found within it. 

The time required for complete encapsulation of a CSH doubtless varies 
with the size of the effusion, the age of the patient, and other unidentified 
factors. In the writer's experience a macroscopically visible membrane is 
found on both the outer and the inner aspects of a subdural haematoma 
by the fourteenth day after the accident which caused it, while in small 
mammals the period is significantly shorter [23]. 

THE PATHOPHYSIOLOGY OF ENLARGEMENT OF CHRONIC 
SUBDURAL HAEMATOMAS 

Because the subdural space is continuous over the convexities and the 
bases of the cerebral hemispheres, as well as between one side of the supra-
tentorial compartment and the other, a CSH which is sufficiently large to 
cause symptoms also usually extends over a large part of the surface of one 
hemisphere and, as has often been observed, is found to be bilateral in 
30-50 per cent of cases. This leads to a rather uniform compression of the 
brain in which focal neurological signs are minimal or even completely 
absent and general signs of cerebral malfunction such as headache, mental 
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confusion, deteriorating consciousness and alterations of vital signs are the 
only evidence available to the clinician in forming the suspicion of CSH. 
However, there is one feature of the evolution of CSH which is both more 
frequent and often more dramatic than when it occurs in patients suffer
ing from cerebral compression due to other mass lesions: namely, a fluctua
tion in the intensity of the symptoms and signs, particularly conscious 
level. Sudden episodes of deterioration may be followed by periods of 
almost complete remission so that a patient who was in a deep stupor one 
evening may be fully conscious and correctly orientated in time and space 
the next morning without having received any treatment. Observation of 
such episodes led to the reasonable hypothesis that a CSH undergoes epi
sodes of sudden enlargement followed either by adjustment of the intra-
cranial dynamics to the new situation or possibly by absorption of some 
of the haematoma fluid. This conclusion, however, is not logically neces
sary. An alternative view which has recently been restated, albeit without 
evidence from pathological studies, is that the presence of CSH causes 
stretching and narrowing of the cortical bridging veins, thus diminishing 
venous drainage into the superior sagittal sinus and triggering vasogenic 
brain oedema [27]. 

Serial angiography and more recently the use of the CT scan have made 
it possible to demonstrate actual enlargement of a CSH and to relate this 
to the patient's clinical state, but even so the source of the extra fluid re
mains subject to dispute. There are two main possibilities, the first of them 
being further haemorrhage and the second the entry of more fluid into the 
cavity through its walls. Trotter was convinced that a CSH enlarged by 
repeated haemorrhage [6] and Putnam and Cushing noted that surgical 
drainage of a CSH commonly reveals the presence of fresh erythrocytes 
[28]. Infants with large CSHs treated by repeated aspiration may at first 
show falling haemoglobin and haematocrit readings accompanied by the 
appearance of fresh blood in the aspirated fluid. This does not necessarily 
imply renewed haemorrhage from a previously injured cortical vein, for 
histological studies often show erythrocytes actually passing into the 
haematoma cavity from the outer layer of the neomembrane of a CSH. 
Direct proof that such new haemorrhage is an important cause of the ex
pansion of a CSH has recently been furnished by Ito and his colleagues 
[29] who showed that the intravenous injection of 51 Cr-tagged red cells 
into human CSH patients was followed by their appearance in samples of 
subdural fluid withdrawn 24 hours later, in proportions which indicated 
the occurrence of new haemorrhage in amounts averaging 10-2 per cent of 
the total volume of the haematoma with a remarkable maximum figure of 
27-2 per cent. High levels of fibrin degradation products have been found 
in CSH fluid [29, 30], suggesting that the haemorrhage may be facilitated 
by hyperflbrinolysis. (Since the level of fibrin degradation products was 
normal both in acute subdural haematoma fluid and in the blood, urine 
and CSF of CSH patients, these products must have originated within the 
capsule of the CSH itself [29].) 
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Gardner suggested many years ago [31] that repeated or continuous 
haemorrhage is not a sufficient explanation of the secondary expansion of 
CSH in all cases. Paediatricians and neurosurgeons who have treated infan
tile subdural haematomas by repeated aspiration are familiar with the fact 
that they may become symptomatic at a time when their contents com
prise yellow or brown fluid containing relatively few fresh blood cells. 
Also, serial estimations of the protein content of CSH fluid shows that it 
tends to rise at first but later falls progressively to a level that is much lower 
than that of plasma and eventually near to that of CSF [8]. Gardner 
believed that subdural haematomas grew in volume because their proteins 
broke down into smaller molecules, thus increasing the osmotic pressure 
of the fluid, so that water was drawn into the haematoma from the CSF in 
the adjacent subarachnoid space. However, although he claimed to observe 
expansion of cellophane bags filled with blood and inserted into the sub
dural space of dogs, a single experiment in which he used the inner mem
brane of a CSH as a bag which he then filled with blood and suspended in 
isotonic saline solution was less convincing, the net gain in weight of the 
blood-filled sac being only 2-9 per cent after 16 hours. Moreover, this was 
not an accurate model of what happens in vivo, for to pass from the 
subarachnoid space to the interior of a CSH, CSF must cross the outer 
layer of the arachnoid as well as the inner layer of the subdural membrane 
[32], which was not demonstrated. In any event, Weir [33] has destroyed 
the theoretical basis for Gardner's hypothesis by showing that the osmola-
lities of haematoma fluid and of CSF are equal. 

Zollinger and Gross [32], like Gardner, thought that the expansion of a 
CSH was due to osmotic or oncotic forces, but that the source of the fluid 
was the capillaries which form in the neomembranes that constitute its 
walls. Again, Weir has refuted this suggestion by showing that the osmola-
lities [33] and the oncotic pressures [34] of blood and haematoma fluid 
are equal, but he notes that modern theories of the dynamics of trans-
capillary fluid movement are much more complex than the original mix
ture of hydrostatic and oncotic mechanisms envisaged by Starling, and 
include consideration of the pore size of the capillaries and the presence of 
cytoplasmic vesicular transport mechanisms. Thus, as well as from in
creased hydrostatic pressure in the capillaries of the neomembrane or from 
decreased intracranial pressure, shifts of fluid into a subdural haematoma 
could result from an increase in the surface area of its capillary network or 
an altered balance between the inward and outward transport of the fluid 
by way of the cytoplasmic vesicles. The activity of the neomembranes in 
patients with symptomatic CSH has been documented by Sato and his 
colleagues [35] who have shown that the ultrastructure of the durai layer 
of subdural membranes taken at operation from patients with clinically 
symptomatic CSH showed cytoplasmic protrusions described as 'like 
microvilli or pseudopodia' on both the luminal and the basal surfaces of 
the capillary endothelial cells. In the area of these protrusions the base
ment membrane was deficient. In some places there were open gaps 
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between the adjacent endothelial cells of the capillaries, and the cytoplasm 
of some of the endothelial cells was abnormally clear, containing large 
vacuoles. These appearances were strongly correlated with the clinical 
findings, being almost entirely restricted to those patients who showed 
evidence of progressive cerebral compression, and would seem to be con
sistent with increased permeability of the membrane of the CSH with 
transport of fluid into its cavity. 

In summary, the evidence suggests that the outer layer of the capsule 
of a CSH is well adapted to the passage of blood and fluid. The presence 
of excessive amounts of fìbrinolysin in the haematoma fluid leads to lysis 
of clots forming on the surface of the membrane after each episode of 
haemorrhage, thus favouring rebleeding. There are undoubtedly situations 
in which following traumatic rupture of the ararchnoid, CSF can escape 
from the subarachnoid into the subdural space: there is no evidence that it 
also passes through the twin barriers of the intact arachnoid and the inner 
layer of the neomembrane to expand an encapsulated CSH. 

SPONTANEOUS RESOLUTION OF CHRONIC SUBDURAL 
HAEMATOMA AND THE BALANCE BETWEEN EXPANSION 

AND REABSORPTION 
CSH does not invariably cause death from cerebral compression but may 
ultimately resolve spontaneously, either with a regimen of bedrest [36, 
37] or by the use of corticosteroids and/or intravenous injections of 
hypertonic solutions of glucose or mannitol [38-40] or even with no 
treatment at all [41], serial angiography showing reduction in the size of 
the CSH to the point of complete disappearance. 

Encapsulated subdural haematomas induced experimentally in various 
small mammals also disappear spontaneously [23, 42], while neomem
brane formation around large haematomas produced in the subcutaneous 
tissues of rats is inhibited by daily injections of dexamethasone [43]. 

Histologically, cessation of expansion and relief of clinical symptoms in 
CSH patients is correlated with a disappearance of the gaps between the 
endothelial cells of the capillaries lining the subdural membrane [35] as 
well as with an overall reduction in the size and number of these. The 
vascularity of the membrane diminishes and the fìbroblasts mature. The 
contents of the subdural sac are slowly absorbed and the two layers of the 
membrane come together to leave a single fibrous plaque in which no 
separation between the inner and outer layers is evident although it may 
contain a few scattered red blood cells and pigment-containing phago
cytes [80]. Such appearances have been found in humans within 6 weeks 
of the presumed date of appearance of a CSH, and significantly earlier in 
experimental animals [23]. Ultimately, the neomembranes usually dis
appear completely, but occasionally their thickness and their layered 
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appearance suggest that there have been episodes of expansion due to new 
haemorrhage followed by phases of relative quiescence, occurring over 
many years, and the writer has seen a particularly striking example of this. 

Case Report 
An 18-year-old man was referred to the Neurosurgical Service of a general hospital 
with a 24-hour history of severe headache with vomiting and some mental confusion. 
He was reported to have been dropped from his mother's arms in infancy, following 
which he had been noted to have an enlarged head. As a child he had been a poor 
scholar (IQ 82), requiring special education. He had also been regarded as subject to 
'migraine* because of episodes of headaches and vomiting which had occurred at 
irregular intervals during his childhood. On leaving school at the age of 15 years he 
obtained employment as an unskilled manual worker and had worked regularly until 
the day before his hospital admission. 

On examination the patient was of normal general physical development apart 
from an occipitofrontal head circumference of 66 cm. There was bilateral papill-
oedema and bradycardia with hyper-reflexia and extensor plantar responses. Ven-
triculography was advised and bilateral front burr-holes were made, but instead of 
the expected hydrocephalus, these revealed a subdural membrane fully 2 cm in thick
ness containing an enormous collection of semi-opaque brown fluid in which floated 
fragments of blood clot measuring up to 5 cm in length. After removal of this effu
sion the inner layer of the CSH was found to be at a depth of 6 cm from the skull 
and was so thick that little detail of the underlying cerebral cortex could be seen. 
The falx cerebri had almost completely atrophied: there were no bridging veins and 
the subdural spaces over the two cerebral hemispheres communicated freely with one 
another. Following the replacement of the contents of the CSH with saline and 
closure of the incisions, the patient's symptoms were relieved although no re-
expansion of the brain occurred. He continued working for 3 years, at the end of 
which time one of the burr-holes became infected and he eventually died of the 
effects of subdural empyema. 

Consideration of such cases as this suggests that the natural history of 
CSH depends upon a balance between expansion of its contents due to the 
ingress of blood, extracellular and/or intracellular fluid on the one hand, 
and contraction due to reabsorption of these same fluids on the other 
[23, 30]. The particular frequency of subdural haematoma after head 
injuries occurring in infancy, at which time of life episodes of crying and 
screaming are of normal everyday occurrence, may well be correlated with 
the fact that the initial rise of CSF pressure at the beginning of such an 
episode is followed by a rebound in which the ICP falls sharply below its 
resting value [44]. This would set up the necessary conditions for haemor
rhage or effusion into the subdural space. New haemorrhage would cause 
a rapid increase in the volume of the CSH in such a situation whereas the 
process of reabsorption would presumably occur at a more uniform rate 
and be unaffected by changes of pressure of short duration. Such a series 
of events would be consistent with the observed course of unrelieved or 
conservately treated CSH. 

Angiography and more recently the CT scan have repeatedly shown 
that small subdural effusions tend to disappear spontaneously. The larger 



130 TOPICAL REVIEWS IN NEUROSURGERY 

ones are more likely to persist, to expand and to become symptomatic: if 
left untreated they take a long while to clear up. Mathematically, the 
equation for the surface area of a geometrical figure having the shape of a 
CSH (which resembles an oblate spheroid) is rather complicated but is 
derived from the sum of functions of the squares of its length (greater 
diameter) and width (lesser diameter) [23], whereas the volume of such a 
figure is a function of the product of the square of its length multiplied by 
its width.* Consequently, with increasing size, the volume of a CSH grows 
more rapidly than its surface area. Assuming that the rate of absorption is 
proportional to the surface area of the membrane, it would follow that the 
larger the CSH, the longer it will take to resorb and the process could at 
any time be interrrupted by episodes of sudden expansion due, for 
example, to haemorrhage from the surface of the membrane. At this stage, 
surgical drainage - even if some residual effusion is left behind - would 
tend to tilt the balance between expansion and résorption in favour of the 
latter, as well as diminishing the concentration of those anticlotting fac
tors in haematoma fluid which are thought to 'lead to a self-perpetuating 
cycle of bleeding' [34]. 

Eventually, maturation of the subdural membranes would tend towards 
a situation in which expansion due to haemorrhage or the effusion of fluid 
would cease while résorption continued at a uniform rate, though there is 
no proof of this and the subject deserves further study. The decrease in the 
total protein concentration of CSH fluid from the high levels which are 
found during the first few weeks after its formation to the relatively low 
ones which occur later is doubtless associated with the hyperfibrinolysis 
which occurs within a CSH [30] although actual proteolytic enzymes have 
not yet been detected in CSH fluid. 

CONCLUSION 
In the past, attitudes to the treatment of CSH have varied from the very 
radical to the very conservative. Nowadays, our more complete under
standing of the evolution of CSH confirms clinical experience [46] in indi
cating that routine craniotomy and stripping of membranes is unnecessary 
and obsolete. An entirely non-surgical approach, with the administration 
of mannitol and/or steroids often leads to complete recovery, but it is dif
ficult to justify the routine use of a method which may require an average 
of nearly 6 weeks' hospitalization [40] when patients undergoing the sur
gical alternative are regularly fully ambulant within a few days! Simple 
evacuation of the haematoma by washing it out through burr holes [47, 
48], or, in infants, by tapping the fontanelle [49] usually gives excellent 

* It has been pointed out that the volume ( V) of a CSH is also given approximately by 
the expression V - ViLWD where L = the greater diameter, W = the lesser diameter 
and D = the depth of the effusion [45 ] . 
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results. Reaccumulation of fluid can be a problem in infants, though rarely 
in older patients: it is readily solved by the insertion of a subdural-
peritoneal shunt [50]. Whatever the age of the patient, however, considera
tion of the natural history of subdural haematomas indicates that there is 
no justification to treat asymptomatic cases solely for the same reason that 
people are said to climb high mountains — namely, that they are there. 
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Lindsay Symon 

7 Operative Surgery in 
Craniopharyngiomas 

There can be few tumours in the region of the chiasm which have pro
voked such contentious debate in their management as craniopharyngioma. 
Review of the large series published over the past 20 years gives ample 
evidence of the wanton tendency to recur and of the generally poor prog
nosis of the tumour [1-8]. Many surgical series have started on the opti
mistic premise that radical surgery was possible and indicated, only to 
develop an increasingly qualified pessimism as inevitable recurrences 
appeared, sometimes up to 20 years later [9]. Since the initial publication 
of Kramer [10], it has been claimed that minimal surgical intervention 
with the establishment of the diagnosis, followed by radical radiotherapy, 
is the treatment of choice [11, 12]. This view has not gained universal 
acceptance, and several notable protagonists, particularly Matson [1,3] 
and Sweet [13], have throughout maintained a steadfastly aggressive 
attitude to the excision of these tumours, an attitude which the advent 
of the operating microscope has rendered once more of significant interest. 

THE CHOICE OF SURGICAL APPROACH IN CRANIOPHARYNGIOMA 
Over the years a variety of routes have been recommended in the approach 
to craniopharyngioma. The route has varied with the extent of interference 
planned; thus simple subfrontal exploration to establish the diagnosis and 
partially remove the tumour if it were accessible beneath the optic nerves, 
or for tapping of cysts, has in some hands been modified to allow an inter-
hemispheric approach with division of the lamina terminalis [14, 15] or an 
extended approach with access into the temporal fossa behind the carotid 
artery. It is now clear, however, that the increased precision of informa
tion given by CT scan (see Necessary Investigations), makes exploratory 
surgery in the region of the chiasm less frequent than before. It is there
fore likely that the neurosurgeon will have a more accurate idea of pro
bable pathology when the operation is planned, and this in turn justifies 
planned radical approaches which are more extensive, and which them
selves inevitably carry more risk than a simple subfrontal exploration. 

This chapter is based upon the developing experience of two surgeons 
in one clinic between 1954 and 1978. Ninety-four cases were operated 
upon, 50 by the current author, and 44 by his colleague and predecessor, 
Professor Valentine Logue. The age and sex incidence of this group of 

134 
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Table 7.1. Age and Sex Distribution of a Series of 94 
Craniopharyngiomas 

Age group 
(yr) 

0-10 
10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70 
Total 

Male 

1 
4 

10 
12 
14 
11 
4 
2 

58 

Female 

2 
6 
7 
5 
9 
2 
5 
-

36 

Total 

3 
10 
17 
17 
23 
13 
9 
2 

94 

cases is shown in Table 7.1. While the almost uniform approach in the 
early years was a simple subfrontal exploration, and radical excision was 
possible only occasionally in tumours that were particularly favourable 
with a very high placement of the chiasm, it has become increasingly clear 
that effective removal of the posterosuperior part of craniopharyngiomas 
could only be achieved by a route which gained access behind the optic 
nerves. An extended fronto-temporal approach was used by both surgeons 
for a time, but then, in parallel with developments elsewhere, it became 
clear that with extensive hormonal support and the excellent outlining of 
the extent of the tumour by contrast studies and CT scanning, a radical 
temporal approach carried great promise. It is this operation which has 
been most used in this clinic in recent years. 

Subfrontal Exploration — Unilateral or Bifrontal 
Only when the chiasm can be shown on air encephalography to be very 
high, the tumour well forward so that it scarcely extends into the inter-
peduncular cistern (Fig. 7.1) and has a considerable bulge over the jugum 
sphenoidale, can subfrontal exploration for attempted radical removal of 
craniopharyngioma now be justified. The access to the top of a tumour 
behind the chiasm by this route is poor, and even evacuation of the centre 
of the tumour leaves the necessity to drag the posterosuperior portion of 
the capsule forwards and downwards from its attachment to the chiasm, 
while at the same time rendering this attachment invisible except by exten
sive traction on the chiasm, turning it more or less inside out. This all too 
frequently produces a dense bitemporal hemianopia. Total excision of 
craniopharyngioma by this route is possible only when the anterior por
tion of the chiasm is at the meridian of the craniopharyngioma so that dis
tortion of the chiasm is minimal as the tumour is gently pulled down from 
its undersurface. Subfrontal exploration, however, is an operation with 
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Fig. 7.1. Lateral view of an air encephalogram of a 4-year-old boy, presenting with 
disturbance but without visual field defect. The intrasellar and suprasellar tumour 
(whose posterior capsule has partially calcified) is entirely pre-chiasmal. 

extremely low morbidity in competent hands, and in the very elderly 
patient where the greater part of the tumour appears to be cystic, and 
where minimal intervention is required, it is undoubtedly the most rapid 
approach and will enable the drainage of a cyst, or the insertion of a cathe
ter into the cyst (in the principle of sump drainage [16]), to be accom
plished fairly easily. Where the decision has been made that the size of the 
tumour or the condition of the patient makes radical intervention impos
sible, then tissue for biopsy purposes may usually be obtained by this 
route, although where the space between the chiasm and jugum is small, 
very little of the presenting face of a craniopharyngioma may be approached 
subfrontally. Under these circumstances, either an extended subfrontal 
approach to include the anterior temporal fossa, or more aptly, a small 
fronto-temporal approach for limited access behind the carotid artery, is 
probably better even for simple biopsy. Where tube insertion into a large 
cyst is recommended, then the more lateral approaches have the merit of 
a more easy direction of the tip of the tube into the cyst cavity than the 
more frontal approaches, and also give an easier lie of the sump drain or 
cystopleural shunt tube along the sphenoidal wing, to which the tube 
may be anchored. 

It will be clear, therefore, that the subfrontal approach to cranio-
pharyngiomas is a distinctly limited one, and can be recommended only 
when rapidity of approach and simplicity of manoeuvre are the main 
considerations. 
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A bifrontal approach has occasionally been suggested in the manage
ment of craniopharyngiomas, particularly in children. In this operation, 
a large bifrontal bone flap is turned, both frontal lobes are elevated and 
the mass of the tumour lateral to and between the two optic nerves is 
available for dissection. It has even been claimed that preservation of the 
olfactory tract is possible although it is difficult to see how this can be 
accomplished. Rather more serious than the almost inevitable bilateral 
anosmia, however, is a very considerable disturbance of intellectual capa
city which extensive bifrontal retraction may evoke, and this approach, as 
the single subfrontal approach, shares the disadvantage that the postero-
superior portion of the tumour above and behind the chiasm, even with 
very wide exposure, can only be reached indirectly. In the author's ex
perience, it is not a practicable procedure for radical resection of such 
tumours and is unsuitable for the management of adult craniopharyngioma. 

The Transventricular, Transcallosal and Lamina Terminalis Approaches 
Where the tumour mass is in the third ventricle and reaches high towards 
the foramen of Munro, it may be thought impracticable to consider radical 
excision by the favoured subtemporal route. In my recent experience, this 
has occurred in only one case (Fig. 7.2), where the extent of the tumour 
through the foramen of Munro and into the lateral ventricle clearly pre
cluded an attempt to remove it from below. Two choices of approach 
remain to the surgeon under these circumstances. 

The first, the more standard, and employed by myself over a number 
of years, has been the transventricular approach by a right post-frontal 
parasagittal craniotomy, through the middle frontal gyrus into the frontal 
horn, to attack the craniopharyngioma through the foramen of Munro. 
This manoeuvre suggested first to my knowledge by Dott, in an excellent 
review of the early radical treatment of craniopharyngiomas [17], is 
limited in access and although with the microscope and self-retaining 
retraction extensive dissection of the tumour in the third ventricle is 
possible and even the removal of the portion within the interpeduncular 
cistern through the floor of the third ventricle, the access to the anterior 
portion of the mass behind the chiasm is extremely difficult because the 
approach is oblique and it is impossible to look round the corner in front 
of the foramen of Munro. Even division of one pillar of the fornix does 
not sufficiently improve access and it is probable that this route should be 
superseded by the approach through the lamina terminalis, advocated by 
Hoffman et al. [14] and more recently by King [15]. An interhemispheric 
approach by straightforward right frontal craniotomy, dissecting above 
the chiasm through the lamina terminalis and into the third ventricle by 
this method, carries some promise but has the considerable demerit of 
leaving the posteroinferior portion of the tumour to the last in dissection. 
It is this portion of the tumour which is liable, in the adult, to have the 
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Fig. 7.2. Anteroposterior {a) and lateral (b, c) views of an air encephalogram and 
ventriculogram. The mass of the tumour in the third ventricle extending through the 
foramen of Munro is visible in (a) and (&), and the tumour in the floor of the third 
ventricle extending into the interpeduncular cistern is visible in (c). 

most extensive vascular attachments - to the choroidal arteries, to the pos
terior communicating artery and even to the posterior cerebral and the 
top of the basilar. These vessels, being posteriorly placed, are inaccessible 
early in the translaminal dissection, and the gamble is therefore taken that 
the adhesions between the tumour and these vessels will be light and easily 
broken down. It is probable therefore that this approach should be con
fined to craniopharyngiomas whose mass is almost entirely within the ven
tricle and preferably whose mass is very high within the third ventricle. 
These are, of course, unusual. 

The Radical Temporal Approach to Craniopharyngioma 
The majority of craniopharyngiomas in adults in the author's personal 
series have presented in the floor of the third ventricle, occupying the 
suprasellar and the interpeduncular cisterns, and embraced by the branches 
of the posterior communicating and choroidal arteries to the thalamus and 
mamillary bodies. The posteroinferior presenting portion of such tumours 
lies free in the interpeduncular cistern and gives a considerable quadrant of 
the mass available for early excision, albeit through an extremely limited 
access between the branches of the posterior communicating artery, or 
below the posterior communicating artery itself. 
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Fig. 7.3. Scalp flap and position of burr holes for radical transtemporal excision of 
craniopharyngioma. 

Where the operations are performed for visual failure, and this type of 
craniopharyngioma appears likely, the choice of the radical temporal opera
tion is appropriate. With the advent of the operating microscope, this 
procedure has increasingly become the approach of choice in this clinic. 
An extended sphenoidal wing approach is used, a moderately sized fronto-
temporal flap being turned from the middle of the eyebrow, just below 
the superior temporal line to above the ear, and turning down in front of 
the pinna (Fig. 7.3). A fron to-temporal bone flap is cut across the sphe
noidal wing and broken down into the anterior temporal fossa. The anterior 
part of the temporal fossa is then rongeured away, together with the outer 
end of the sphenoidal wing, and the dura opened across the sylvian fissure 
so that access to the subfrontal and anterior temporal region is assured. 
Where the diagnosis of craniopharyngioma or of a tumour mass in the 
interpeduncular cistern with the high probability of craniopharyngioma is 
certain, the next step is a small resection of the anterior 2 cm of the 
temporal lobe, with division of the polar temporal veins so that the sub-
frontal region is laid into continuity with the anterior part of the temporal 
fossa. Under the operating microscope, the inner end of the sylvian fissure 
can then be opened, the carotid artery and the optic nerve defined, and 
dissection pursued behind the carotid artery, along the tentorial edge. 
Removal of the uncus by secondary suction will give access to the inter
peduncular fossa. 

The presenting lower pole of the craniopharyngioma will now be 
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evident in the interpeduncular cistern, and immediately lateral to it and 
in their own separate arachnoid, the posterior communicating artery, its 
thalamo-perforating branches and the third nerve. At this stage it is usu
ally possible to dissect the third nerve clear and preserve it, protected by 
a pattie against the tentorial edge, and although some degree of third 
nerve palsy is very frequent in the course of radical excision of cranio-
pharyngioma, it is invariably transient. It will also be possible to define the 
posterior cerebral artery, and as the lower pole of the craniopharyngioma 
is approached with the division of arachnoid in the interpeduncular fossa, 
the top of the basilar artery and its branches may be defined (Fig. 7.4). 

The advantage of the approach is now apparent, in that the lower pole 
of the craniopharyngioma is free in the interpeduncular fossa, yielding a 
considerable segment of the mass available for mobilization and for evacua
tion of the content of the tumour. Access to this portion of the tumour 
is possible if the tumour extends well down into the interpeduncular cis
tern, below the posterior communicating artery; but if the tumour is of a 
lesser size, and visible only as a protrusion through the floor of the third 
ventricle, it may be necessary to develop the small triangular space 
between the internal carotid artery and its anterior choroidal branch 
anteriorly, and the posterior communicating artery and its anterior 
thalamo-perforating branches below and posteriorly. 

In the author's experience, it is unwise to divide either the posterior 
communicating artery or its thalamo-perforating branches, except in the 
clear knowledge that this may well be followed by a small infarcì in the 
basal ganglia. The anterior choroidal artery must be preserved, but this 
being an early branch of the carotid artery, can usually be mobilized for
wards, leaving a portion of capsule available for access between it and the 
anterior thalamo-perforating artery. Whether above or below the 
posterior communicating artery, the segment of capsule of the cranio
pharyngioma thus exposed should be entered after careful bipolar coagu
lation of the intrinsic vessels of the tumour, which may emanate from 
branches of the posterior communicating artery or from the internal 
carotid artery itself. 

The capsule of the tumour may then be incised. Its common partially 
cystic, partially solid consistency enables gradual mobilization and break
up of segments of the interior of the tumour, yielding a progressive in
terior decompression of the mass. In the author's experience, gentle 
monopolar coagulation on apparently resistant portions of the tumour may 
assist in break-up of the fragments of soft tissue between portions of cal
cium, and it may well be that ultrasonic probes, when they have been suf
ficiently miniaturized, will be of added value in this regard. Blunt hooks, 
rongeurs and a knife may have to be employed within the cavity of the 
tumour, but under the dissecting microscope these may be employed satis
factorily, provided great care is taken to steady the portions of the capsule 
which are liable to be rocked within the third ventricle or against the 
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Fig. 7.4. Exposure of the tentorial hiatus by a radical trans-temporal approach. The 
retractor is on the cut surface of the temporal lobe. In (a) forceps hold the arachnoid 
covering the cranio pharyngiom a itself; the third nerve, basilar and posterior cerebral 
arteries, posterior communicating artery and thalamo-perforating vessels are visible. 
In (b) the arachnoid overlying the craniopharyngioma has been opened and the mass 
itself is visible. 

In Fig. 7.4b and Fig. 7.5, the basilar artery appears parallel to the third nerve; this 
is the effect of traction on the tumour and foreshortening in the operative film. 

major surrounding blood vessels during these manoeuvres. The postero-
inferior portion of the capsule may progressively be mobilized, its attach
ment to the basilar and posterior cerebral arteries being defined and 
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Tentorial edge 

Fig. 7.5. Dissection pursued in the interpeduncular fossa, basilar arteries being dis
placed backwards by an instrument, the mass itself drawn gently forwards. The 
retractor is on the stem of the temporal lobe. 

divided (Fig. 7.5), and the floor of the third ventricle may be transgressed 
just in front of the mamillary bodies. 

From this point forwards, some blind dissection of the top of the 
tumour is often necessary, although the more effective the internal de
compression has been, the more satisfactorily the capsule may be gently 
dragged down from out of the third ventricle, under direct microscopic 
vision. The optic tract lying above the posterior communicating artery is 
almost invariably lightly adherent to the edge of the mass, but it retracts 
with the remaining portion of the temporal lobe, and, perhaps surprisingly, 
is not commonly injured in the procedure, unless the mass is extremely 
large. A transient homonymous field defect may occur, but this invariably 
recovers provided the integrity of the vascular supply of the tract is pre
served and the tract itself is not transgressed. 

The nuclear masses on the floor of the third ventricle appear to be 
substantially separated by the craniopharyngioma. Although dissection of 
the edge of the craniopharyngioma is apparently through brain, the 
tumour itself being apparently invasive as has been pointed out by many 
authors [18-21], careful histological examination reveals that there is a 
layer of condensed glial reaction to the mass in which dissection may be 
safely pursued without actual transgression into nuclear masses in the walls 
of the third ventricle. 

This phenomenon, while well known for many years, has been recently 
put in its proper significance by Sweet [13]. In his experience, which the 
author confirms, the dense gliosis surrounding a craniopharyngioma is 
free of nuclear masses from the closely adjacent third ventricular struc-
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Fig. 7.6. The edge of a craniopharyngioma. a, Haematoxylin and eosin X 75: the 
dark masses in the glia are Rosenthal fibres, which stain predominantly red. b, 
Phosphotungstic acid haematoxylin X 100: the density of glial fibre is evident to 
the right of the craniopharyngioma edge. 

tures, as evidenced by the limited neurological defect produced by excision 
of what appears to be the floor of the third ventricle from the mamillary 
bodies forwards to the back of the chiasm, and also by histological exami
nation of the edge of the removed tumour, embedded as it is in dense 
gliosis. Tongues of epithelial tissue can be seen invading the glial tissue, 
thought by some to indicate the complete impossibility of total excision. 
As Sweet has pointed out, however, this intense gliotic reaction, parti
cular in many ways to the craniopharyngioma, is a reaction of glia without 
inclusion of neural elements and may be used as a plane actually outwith 
the tumour in which dissection may be pursued. The characteristic pre
sence of Rosenthal fibres with marked eosinophilia [22] contrasts sharply 
with surrounding reaction of the brain to other suprasellar tumours such as 
meningioma or epidermoid cyst (Fig. 7.6). 

Adhesions to the vascular structures on the contralateral side, to the 
posterior communicating artery, internal carotid or thalamo-perforating 
arteries are visible as the tumour is folded forwards and downwards out 
of the third ventricle, and the release of tension in the tumour makes 
dissection of these vessels feasible, separated as they are by a layer of 
arachnoid from the wall of the tumour itself. In 19 primary radical ex
cisions, it has not proved necessary to sacrifice contralateral vessels, 
although in three instances, a branch of the posterior communicating 
artery (one of the thalamo-perforating vessels) has had to be sacrificed. 
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Fig. 7.7. A small infarct in the basal ganglia, without signs, following division of an 
anterior thalamo-perforating artery. 

The effect of this is shown in Fig. 7.7 —a. small infarct in the basal ganglia. 
This usually has no profound sequelae, but may result in a fluctuating mild 
hemiparesis for some days postoperatively. 

The major difficulty of the radical approach is now at hand. The 
tumour may be adherent to the diaphragma sellae or the internal carotid 
artery on one or both sides, and is almost invariably densely adherent to 
the anterior third ventricle in the region of the posterior part of the optic 
chiasm. Here, the preservation of a line of the top of the capsule, and the 
excellent exposure of the ipsilateral optic nerve and optic tract, enable 
calculation of the Une of the chiasm and, under reasonable magnification, 
sharp dissection of the tumour from the posterior aspect of the chiasm 
(Fig. 7.8). 

Adhesions to the carotid complex constitute the usual cause of the 
abandonment of the radical procedure and conversion to a subtotal ex
cision, since the dissection of hard calcified masses from the suprasellar 
region, medial to the ipsilateral carotid artery, may be extremely difficult 
or impossible. Under these circumstances, it may be wise to be content 
with a subtotal removal in the hope that these more densely calcified por
tions of the tumour contain less in the way of active proliferative material. 
It is also worth while noting that in the region of the optic chiasm, the 
extent of gliosis in the anterior third ventricle may make the dissection 
and the actual determination of the limit of the tumour itself extremely 
difficult. High magnification and the excellent lighting provided by the 
microscope, however, will usually enable some differentiation between 
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Fig. 7.8. The craniopharyngioma is being drawn downwards and backwards away 
from the chiasm, and the posterior aspect of the carotid artery. This represents the 
final phase of dissection, the linear structure above the posterior communicating 
artery is the artist's representation of the optic tract which is seldom as clearly 
defined superiorly. 

gliosis and proliferative tumour to be made. Of course, where doubt 
exists, the surgeon should err on the side of leaving potentially viable 
paraventricular tumour in situ. 

THE MANAGEMENT OF CYSTIC CRANIOPHARYNGIOMA 
Rarely, in the author's experience, a craniopharyngioma may be encoun
tered which is almost completely cystic. Such tumours are in the main 
unsatisfactory for radical excision by any route, since every movement 
of dissection of the wall is accompanied by considerable disturbances of 
the third ventricular structures. Whereas in a solid craniopharyngioma the 
third ventricle is splinted against the remainder of the craniopharyngioma 
while the dissection is pursued, no such assurance of absence of distur
bance can be achieved where the entire tumour has collapsed, and it seems 
that lesser operations for such craniopharyngiomatous cysts are probably 
advisable. Dissection of the filmy walls of such cysts from vascular struc
tures may be impossible. Any solid portion of the tumour having been 
removed, it is now the author's practice to insert a large gauge (5 mm in
ternal diameter) rubber or Silastic tube with several side holes, anchored to 
the dura along the sphenoidal wing, its free end lying within the cavity of 
the cyst. If the cyst wall has been perforated over only a small area for 
biopsy, the assurance of accurate placement of this catheter may be made 
with greater confidence. The tube may then be brought out along the 
sphenoidal wing to a Rickham reservoir in the temporal muscle. Closure of 
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the primary craniotomy can be followed within some days by aspiration of 
the cyst through the Rickham reservoir, confirming the placement of the 
tube in an adequate situation for recurrent aspiration, or the tube may be 
subsequently connected, in the author's preference, to the pleural cavity. 
This operation, which was suggested to the author by his colleague in the 
National Hospital, Mr Lawrence Walsh, has been performed now in three 
cases, and is in many ways similar to the sump drainage of craniopharyn-
gioma suggested by Miles [16]. 

Connection to the pleural cavity through a wide-bore tube, aided by 
recurrent negative pressure during respiration, has enabled the adequate 
drainage of these cases for periods of up to 5 years without further trouble. 
The long term results of course are unlikely to be satisfactory since it 
seems almost inevitable that blockage of the tubing will occur. It has been 
the experience of many surgeons, however, that the dissection of the often 
multiple ramifications of a cystic craniopharyngioma with its thin mem
brane investing nerves and vessels, invading the posterior fossa and some
times the lateral ventricles, is an impossible task. Under these circumstances, 
lesser procedures with their manifold disadvantages and undoubted higher 
recurrence rates, may be the only course open to the surgeon. 

NECESSARY INVESTIGATIONS 
Endocrine and General Metabolic Investigations 
Some degree of embarrassment of pituitary hypothalamic function is 
common in craniopharyngioma, and ideally should be elucidated in a full 
preoperative work-up. It must be admitted, however, that the key to endo
crine management in the radical excision of craniopharyngiomas is the use 
of large doses of dexamethasone and control of the inevitable diabetes in-
sipidus by judicious doses of DDAVP. Under these circumstances, many 
clinics may prefer to place the patient on high steroid dosage preopera-
tively, and to defer detailed endocrine investigation until the postoperative 
period when the degree of impairment of pituitary hypothalamic function 
may be assessed in detail and necessary replacements planned. This prag
matic approach is intellectually unsatisfying and where first class endo-
crinological facilities are available, then little time is wasted in detailed 
preoperative work-up, and a comparative analysis of the endocrine defects 
before and after surgery will provide the operating surgeon in retrospect 
with valuable information as to the degree of disturbance of the third ven
tricular wall produced by what, in many instances, must be a very resolute 
dissection. 

It should be noted here that the differential diagnosis of a suprasellar 
tumour with impairment of growth, impairment of vision and diabetes 
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insipidus in the young, is substantially between craniopharyngioma, ger-
minoma or ectopie pineal tumour in the anterior portion of the third 
ventricle and the curious condition of Gegel's granuloma or histiocytosis 
of the anterior third ventricle. This differential diagnosis has been much 
eased by the use of CT scan, but in general it may be stated that over 80 
per cent of children with craniopharyngioma show intracranial calcifica
tion of the mass, at least in part, that the earliest presenting feature of the 
histiocytosis of the chiasm is almost always diabetes insipidus and that the 
diagnosis of germinoma of the anterior third ventricle is, according to 
Handa, acceptably made on the presence of lymphocytic-like cells in the 
CSF which in his experience are almost always seen in this condition. It 
should be pointed out that this seems not invariably true in Western series, 
but the CT scan appearances of this latter tumour with a tendency to 
'sugar ice' the ventricular system and to have homogenous enhancement, 
of itself uncommon in the craniopharyngioma, may facilitate the differen
tial diagnosis. The occasional case of suprasellar metastasis [23] will occa
sion the rare error in differential diagnosis: one of the author's series, for 
example, was confidently preoperatively diagnosed as craniopharyngioma 
and presented as adenocarcinoma on histological examination. 

The Radiological Investigation 
The plain X-ray features of craniopharyngioma have been well and exten
sively described. The presence of calcification in between 80 and 100 per 
cent of craniopharyngiomas in children is accepted, with a large propor
tion of adults, between 25 and 50 per cent, showing detectable calcium on 
plain X-rays. The characteristic shortening of the dorsum sellae has also 
been well described (Fig. 7.9\ but these plain film features, while of diag
nostic help, are without significance in the detailed planning of the sur
gical approach, and further specific studies are necessary in this regard. 

Computerized tomography [24] is of considerable value in assessment 
of the size and probable extent of the craniopharyngioma. The charac
teristic picture is of a mixed attenuation lesion (Fig. 7.10) lying predomi
nantly in the suprasellar region, often with lacunae of density so diminished 
as to suggest a cystic component, and usually irregularly enhancing on the 
injection of contrast medium. All these factors are of interest, but it is in 
the demonstration of the extent and direction of spread of the tumour, 
its spread subfrontally (as in Fig. 7.11) and its spread across the tentorium 
into the posterior fossa (as in Fig. 7.12) that the CT scan provides infor
mation which, though accessible by other radiological means, can in no 
other way be so readily and conveniently obtained. The CT scan will also 
give valuable information as to ventricular size and, to some extent, the 
degree of involvement of the third ventricle in the top of the mass, 
although this is more specifically outlined by air study. Where the intra
cranial pressure is raised, CT scan and artériographie studies have largely 
taken the place of ventriculography. 
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Fig. 7.9. Plain films in two cases of craniopharyngioma. In (a) a coned view of the 
sella reveals a dorsum which could be thought abnormal. In (b) the gross flattening 
of the dorsum and downward pressing of the anterior cliniod with opening out of the 
sella is more typical. In neither case is the deformity completely diagnostic of cranio
pharyngioma. 

Fig. 7.10. Two cases of craniopharyngioma. a, A large, partly cystic legion lying pre
dominantly within the third ventricle, b, A partially calcified, partially cystic lesion. 
Both were radically excised. 
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Fig. 7.11. Predominantly cystic cranio pharyngioma with an anterior sub frontal 
cystic extension. Concentration on the quality of the CT scan here will differentiate 
this from the frontal CT scanning artefact, which may occasionally be a problem. 

Fig. 7.12. CT scan of a massive cranio pharyngioma which has been drained on a 
number of occasions elsewhere over the years. Left subfrontal central third ventri
cular and posterior fossa extensions are visible. 
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Fig. 7.13. A filling film of an air encephalogram showing the gross displacement of 
the third ventricle and the lower edge of the mass in the interpeduncular cistern. 
(The CT scan of this tumour is shown in Fig. 7.10a.) 

Air Study 
Except in the relatively uncommon adult case with papilloedema [25] 
(less than 8 per cent in the current series of 94 cases), the most specific 
information as to the extent of the tumour and its involvement with the 
third ventricular structures is undoubtedly obtained by air encephalo-
graphy. The examination should concentrate first on demonstration of the 
posterior border of the mass and its relationship to the brain stem, inter
peduncular cistern and posterior part of the floor of the third ventricle. 
This may be best obtained on filling films with careful tomography (Fig. 
7.13), while the anterior relationships of the mass, a prediction of the 
possible situation of the chiasm and of the presence or absence of temporal 
and subfrontal extensions, are thereafter made on AP and lateral tomo-
graphic films with the patient supine (Figs. 7.14, 7.15). From the filling 
of the ventricular system, the anterior end of the third ventricle and the 
situation of the uppermost portion of the craniopharyngioma may be 
outlined. 

The aim throughout the investigation should be to predict the relation
ship of the mass to the sella, to the brain stem, and to the floor of the third 
ventricle. It may also be possible to guess at the probable situation of the 
chiasm from the deformation of the chiasmatic cistern and recesses of the 
third ventricle, although visualization of this portion of the third ventricle 
may be impossible in lateral view because of extensive obliquity and devia
tion of the front of the third ventricle to one side. 
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Fig. 7.14. Air encephalogram of an anteriorly placed, partially intraventricular 
craniopharyngioma. In (a) the anterior placement of the chiasm across the front of 
the mass can be inferred, and the lower part of the mass seen in the interpeduncular 
fossa. In (b) the extent of stretching of the floor of the third ventricle can be inferred. 
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Fig. 7.15. Air encephalogram of cranio pharyngioma. In (a) the backward extension 
of the mass in the interpeduncular fossa, displacing the brain stem, can be clearly 
seen, and the fact that the chiasm is quite anteriorly placed across the front of the 
mass. In (b) the irregular superior extent of the tumour in the third ventricle is 
visible; it reaches almost to the foramen of Munro but was successfully excised by 
the temporal approach. 
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Arteriography 
While the air encephalogram will outline the size, shape and situation of 
the mass, its relationship to major arteries can only be determined with 
confidence by careful arteriography. Bilateral carotid angiography with 
magnification studies, and vertebral angiography, is necessary to show the 
situation of the terminal carotid branches and their relationship to the 
mass (Fig. 7.16). Thus the posterior communicating arteries are commonly 
displaced downwards and laterally by a predominantly intrinsic cranio-
pharyngioma, which spreads the anterior choroidal artery and thalamo-
perforating branches of the posterior communicating artery across its 
lateral aspect (Fig. 7.17). The relative size and situation of these vital per
forating vessels are of considerable importance in the choice of route, and 
in the decision for or against the sacrifice of any one of them should this 
become necessary in the course of the surgical excision. The relation of the 
mass to the top of the basilar artery and to the proximal first segments of 
the posterior cerebral vessels is outlined by vertebral arteriography (Fig. 
7.18\ and the relationship of the thalamo-perforating branches of the pos
terior cerebral artery and the posterior choroidal arteries to the top of the 
lesion lying within the third ventricle, is also displayed. In this author's 
view, such detailed preoperative anatomical analysis of the circulation is 
essential. 

RESULTS 
This chapter concerns itself primarily with operative technique, but it 
would be impossible to describe such radical surgery detached from its 
results. One might suppose that more radical excision occasions fewer 
recurrences with a slightly higher initial mortality, and this is indeed borne 
out by detailed case analysis. Primary radical excision in this series was 
performed in 19 cases with a mortality rate of 10-5 per cent. Secondary 
radical excision, that is a radical excision after one or more previous inter
ferences with the tumour, was carried out in 7 cases with a mortality rate 
of 28-5 per cent. From this group of 26 cases, 20 patients are still alive 
without recurrence, with a follow-up ranging from over 2 years to over 
20 years (76 per cent). Cases operated on in the past 2 years have not 
been included in the present study. Four patients have survived more 
than 20 years without recurrence, 2 patients more than 10 years, 7 be
tween 4 and 8 years, and 7 between 2 and 4 years. With a less radical 
operation, 34 cases were operated on with an operative mortality of 3 
per cent. Recurrence, however, has taken place in 15 of these cases (44 per 
cent) and only 26 of these cases now survive. The percentage of survivors 
is at this time, therefore, the same as for apparently more radical operation, 
though presumably more recurrence is to be expected in the less radical 
group. 
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Fig. 7.16. Anteroposterior and 
lateral views of carotid arterio-
grams in a craniopharyngioma 
which could on these films have 
been any suprasellar mass, such as 
a pituitary tumour. Carotid arterio-
graphy alone will not make the 
differential diagnosis. 
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Fig. 7.17. Right and left lateral carotid arteriogram in a typical posteriorly placed 
craniopharyngioma. In (a) the downward displacement of the posterior communi
cating artery is visible, and the position of the two thalamo-perforating vessels 
can just be made out. In (b) the vascular displacement is less evident, but the down
ward bowing of the posterior communicating artery is visible, the artery being small 
and its branches not so easily seen. 
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Fig. 7.18. Displacement of posterior choroidal branches of the posterior cerebral 
artery around a large craniopharyngioma. Calcification of the posterior part of the 
lesion is just visible. This tumour was successfully excised by a trans-temporal route. 

Where a considerable portion of the tumour is known to have been left 
behind, 22 cases in the current series, the operative mortality of 23 per 
cent is somewhat higher, although this includes many cases early in the 
series. Only 10 of these cases now survive, 5 having survived reoperation 
and 5 requiring no further surgery. This represents 22-7 per cent of the 
original group. Exploration with biopsy and shunt surgery was performed 
in 19 cases, but only 9 patients now remain alive. Only 3 of the original 
19 cases survived without further surgery, although the mortality of the 
original operation was only 12 per cent. 

CONCLUSION 
Throughout this chapter, the use of the term 'complete excision' has been 
avoided. It seems that the best that can be hoped for in any surgery related 
to cranio pharyngioma is maximal removal of accessible tumour at the 
time of the primary exposure. If, after 25 years, the tumour has not re
curred, then perhaps it has been completely removed. Even at this late 
date, however, it would be a brave man who would state that recurrence 
was impossible. Assessment of the extent of radical excision may be either 
by CT scanning (Fig. 7. 7) or by postoperative air encephalography, of 
which the latter is by far the more effective. Fig. 7.19 shows the pre-
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Fig. 7.19. Lateral air encephalograms, preoperatively (a) and postoperatively (b) in a 
case of craniopharyngioma excised radically by the trans-temporal route. 
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and postoperative appearance following radical excision in a young man. 
The postoperative air encephalogram shows no evidence of a mass. Even 
here, however, cellular infiltration in the gliosis behind the chiasm, with 
perhaps the inclusion of a few nests of epidermoid cells, may mean that 
recurrence, hopefully long delayed, is still possible. CT scanning is at the 
present less certain, but if known detectable residua of the tumour remain, 
their size may be followed confidently over a period of time. The slice 
thickness and degree of resolution of the current generation of CT scan
ners mean that small portions of craniopharyngiomas, sufficient to show 
on a postoperative air encephalogram, will not be evident on CT scan. 

The role of radiotherapy remains uncertain. The persuasive reports of 
Kramer and his associates, and substantial bodies of opinion in this 
country, still suggest that partial removal followed by radical radiotherapy, 
is the best form of treatment. Up to date statistics and an accurate follow-
up on these patients might prove or disprove this point. Backlund [26] 
and his associates in Sweden have further given unequivocal CT scan evi
dence of reduction in size of craniopharyngiomas following stereotacti-
cally controlled radiotherapy, but the complete eradication of such 
tumours by radiotherapeutic means has not been described. From the 
natural history of these masses, it is clear that only total removal of the 
tumour will prevent recurrence sooner or later, and to this author it seems 
that radical surgery with the use of the microscope and appropriate hor
monal replacement, undertaken at a fairly early stage in the course of the 
tumour when excision is possible without too formidable a dissection, 
represents the best and most hopeful means of cure at the present time. 
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J. M. Rice Edwards 

8 Syringomyelia and its Surgical 
Management 

It would seem desirable that surgeons should have some idea of the nature 
of the diseases they are treating. In the case of syringomyelia, apart from 
accepting that the condition is one of cystic cavitation of the spinal cord, 
there is no general agreement about either the pathogenesis or the classi
fication of the condition and this uncertainty, compounded by a lack of 
information about the efficacy of the various surgical manoeuvres em
ployed, gives many surgeons a sense of insecurity in what they are doing. 
Any attempt to unravel the subject will have the imprint of the writer's 
bias, particularly regarding his position as an adherent of, or, in my case, 
an opponent of Gardner's hypothesis which has dominated thoughts about 
this strange condition for 20 years. It is inevitable, therefore, that I review 
the various operations that have been employed from the standpoint of 
my own understanding of the condition. 

CLASSIFICATION 
First of all, how is syringomyelia defined? The word has been used to 
include simple dilatation of the central canal (hydromyelia) or to apply 
only to cavitation with a glial lining. Barnett and Rewcastle [1] have pro
posed the following definition: 'Syringomyelia is a cavitation in the spinal 
cord which has a wall largely composed of glial tissue'. It is certainly useful 
to be able to distinguish hydromyelia, which is usually symptomless, from 
syringomyelia in this way. Cystic intramedullary tumours are sometimes 
included under the general heading of syringomyelia and sometimes not. 
It is tempting not to do so because the frequent clinical problem is to 
distinguish between 'syringomyelia' on the one hand and 'cystic or solid 
tumour' on the other. In fact, the question of whether an intramedullary 
tumour is cystic or not would seem a poor basis for classification. It is not 
used as such in the brain. Syringomyelia is a process peculiar to the spinal 
cord and cavitation due to a tumour is not. The wall of a tumour cyst may 
certainly be lined with glial tissue in parts but characteristically it is much 
thicker than a typical syrinx. 

For these reasons I have distinguished between cystic tumour and 
syringomyelia (although it may well be that hydrodynamic factors aid 
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Fig. 8.1. Unsuspected hydromyelic canal with a complete ependymal lining with 
associated Chiari malformation in a young man dying of acute poliomyelitis. 

the extension of tumour cysts in much the same way as they do syringo-
myelia) and I have modified Barnett and Rewcastle's definition as follows: 
'Syringomyelia is a cystic cavity in the spinal cord with a wall free of 
tumour and largely composed of glial tissue'. It should be noted that 
this definition does not exclude the possibility that syringomyelia might 
coexist with intramedullary tumours. 

It is now generally agreed that there are two basic types of syringo
myelia; one, much the more common, stemming from a dilatation of the 
central canal (hydromyelia) and the other arising in the substance of the 
cord without primarily involving the canal. These have been called 'com
municating' and 'non-communicating' by Williams [2] as it was assumed 
that a dilated central canal would be in free communication with the 
fourth ventricle. As discussed below, however, this is not always the case 
and the presence or absence of communication would therefore seem an 
improper basis for classification. 

The appearance of the hydromyelic canal suggests a congenital lesion 
{Fig. 8.1) whereas the other type occurs as a result of well-recognized, 
acquired lesions. The two main types may therefore be called 'congenital' 
and 'acquired'. It may be objected that in the first of these the syrinx, 
though stemming from a congenital defect, is not itself congenital. It 
may therefore be reasonable to speak about a 'hydromyelic' type of 
syringomyelia. 

On this basis the following classification is proposed: 
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Classification of Cystic Cavitation of the Spinal Cord 
1. Hydromyelia and Syringomyelia 
(i) Congenital (a) Simple hydromyelia (assoc. Chiari type II malforma

tion in hydrocéphalie infants with spinal dysraphism) 
(b) Hydromyelia and syringomyelia (assoc. Chiari type I 

malformation in adults) 
(ii) Acquired (a) Post-traumatic syringomyelia 

(b) Post-arachnoiditic syringomyelia 
2. Cystic Intramedullary Tumours 

PATHOGENESIS 
Congenital (Hydromyelic) 
There have been many theories about the cause of syringomyelia and any 
lack of factual evidence has been made up for by ingenious speculation. 
The association of the Chiari I malformation with 'communicating' syringo
myelia established by Gardner [3] led him to propose a theory that the 
cranio vertebral anomaly established a disturbance of the CSF arterial pulse 
wave causing this to dilate the central canal to such a degree that the fluid 
would burst the bounds of the canal wall at various points and penetrate 
into the cord substance. Certain aspects of this theory were criticized by 
Williams [2] and du Boulay et al. [4] but the central idea that the syrinx 
fills in a pulsatile manner from the fourth ventricle in this type of syringo
myelia was incorporated by them in other versions of what has become 
known as the hydrodynamic theory. The essential point of this theory 
is that the syrinx fills with clear, colourless fluid from the fourth ven
tricle and that this occurs because the associated Chiari malformation 
creates a disturbance of CSF hydrodynamics at the foramen magnum. It is 
crucial to these ideas that there should be an adequate passage between 
the fourth ventricle and the syrinx but over the years there has been 
some disagreement about the existence of this. Gardner [3] and also 
Conway [5] noted during operations that when they injected indigo 
carmine into a lateral ventricle they were able to retrieve it from the 
syrinx, indicating that the two chambers were in free communication. 
Although radiological studies have sometimes demonstrated such a com
munication, this is unusual and in most cases the syrinx appears to taper to a 
narrow canal at the Cl segment. Furthermore,pathological studies show that 
the communication is typically small or absent. Twenty-two cases were re
cently studied from the pathological records from a number of hospitals 
[6, 7 ] . These were all adult cases with advanced syringomyelia of the 
hydromyelic type. The cerebellar tonsils were abnormally low in fourteen, 
the information being incomplete about this in the remainder. In six cases 
the central canal was blocked completely at the upper cervical and lower 
medullary levels and in the others a very narrow communication existed 
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being usually invisible to the naked eye and measuring only a few micro-
millimetres in diameter (Fig. 8.2). Although it is possible that post-mortem 
shrinkage accounted for some diminution in the diameter of the canals it 
seems clear that even when the canal was patent it was so small that it 
could not have acted as a conduit for fluid during life in the manner 
envisaged by upholders of the hydrodynamic theory. 

This lack of communication is at first sight surprising in view of the 
well-established fact that infants with Chiari II malformation and meningo-
myelocoele frequently have hydromyelia [8] and there is ample evi
dence in these cases that the dilated central canal is in free communication 
with the enlarged ventricles. Hydromyelia in free communication with the 
ventricles is also readily provoked by causing hydrocephalus in animals in 
whom the central canal normally remains patent during adult life [9] . In 
both these instances the canal and the ventricles may be thought of as one 
enlarged communicating ependymal-lined chamber. The association be
tween the Chiari I malformation and syringomyelia in adults suggests that 
here the pathology is basically similar, being merely a less severe variety 
than in the Chiari II malformation encountered in infants. This may well 
be so but there are three important differences between the adults and 
infants. First, the ventricles are not usually enlarged in adults with syringo
myelia [10] ; secondly, the cavity in the adults is not usually a simple 
ependymal-lined hydromyelia as in the infants but consists of an irregular 
system of glial-lined extensions from the hydromyelic canal into the cord 
substance; and thirdly, there is no adequate communication between the 
central canal and the ventricles as mentioned above. It is a blind sac 
in most cases and it is interesting to speculate about how it arises, how it 
progresses and why the CSF remains clear and colourless, for these mechan
isms may well have implications for correction by surgical treatment. 

The pathology of this type of syringomyelia suggests that it is basically 
a congenital lesion. The association with the Chiari malformation and 
sometimes with bony anomalies of the foramen magnum would suggest 
this and it is often possible to find areas where the syrinx consists purely 
of a large patent central canal completely lined with ependymal cells: it 
has the appearance of a congenitally wide canal rather than one that has 
been forced open by hydrodynamic forces. In other words, it is a persis
tence of the fetal state of hydromyelia. Where does the fluid come from if 
not from the fourth ventricle? The idea that the fluid may cross the cord 
substance from the subarachnoid space [12, 13] has recently received 
some support from the observation that metrizamide may enter the syrinx 
some hours after introduction into the subarachnoid space [14]. It would 
seem more likely that the dye diffuses through the cord rather than enters 
the syrinx via the fourth ventricle though this question is under examina
tion at the present time by sequential CT scanning of the fourth ventricle 
and spine after metrizamide has been injected into the lumbar subarachnoid 
space. An alternative idea is that CSF within the syrinx is actually formed 
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Fig. 8.2. The central canal in Cl segments in two patients dying with syringomyelia. 
In one (a) the canal is completely blocked and no communication exists between the 
syrinx and fourth ventricle. In the other {b) the canal is patent though extremely 
small. In both patients there was evidence that the syrinx stemmed from hydromyelia 
in lower segments. (X 84.) 

by capillaries within the cord in the same way that ventricular CSF is 
partially a product of intracerebral capillaries, the CSF being in fact 
identical to cerebral extracellular fluid [6]. There is no evidence on the 
point but whatever the difficulties in theorizing on the source of the clear 
syrinx fluid it is noteworthy that Barnett [15] reported that the syrinx 
fluid may be clear and colourless even in the post-traumatic type of 
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syringomyelia where the central canal is not involved and where the syrinx 
is typically contained within the cord substance without communication 
with the subarachnoid space or with the fourth ventricle. 

The fact that the syrinx expands with time may be presumed by the 
fact that symptoms and signs of an intramedullary lesion develop slowly 
(or sometimes acutely) during adult life. This may be caused by an im
balance between formation and reabsorption of syrinx fluid but might also 
be caused by a mechanism first suggested by Williams [16, 17]. He has 
studied the pressure changes in the lumbar sac during coughing and strain
ing and it is quite possible that the transmission of these to the cord might 
cause the syrinx fluid to extend into the cord substance at the expense 
of the more compressible neural tissue: this is really another type of 
hydrodynamic theory. This might explain the extension of the cavity into 
the medulla above the foramen magnum and the complex way in which 
the syrinx appears to dissect into the cord parenchyma forming an irregu
lar network of penetrating passages. In the vicinity of the syrinx the cord 
may be oedematous and contain areas of haemorrhage and these appear
ances suggested to Greenfield [18] that there had been tearing of tissues as 
if some violent process had been at work. The occasional experience of a 
patient with syringomyelia having a sudden exacerbation of symptoms on 
coughing or straining also suggests that the cavity may extend as a result 
of pressure changes. The effect of these may well be greater when there is 
no communication with the fourth ventricle and the irony of this is 
obvious in view of Gardner's strongly held and widely accepted views on the 
therapeutic need to block the canal. Further comments about these ideas 
are made below in relation to the radiological appearances and to Gardner's 
operation. 

It may be argued that acquired lesions in the region of the foramen 
magnum may cause 'communicating' syringomyelia. In fact there is little 
evidence that this is so. All the cranio vertebral anomalies in the series of 
Logue and Rice Edwards [10] were thought to be congenital. The case of 
Kosary et al. [19] concerns dilatation of the spinal cord which resolved 
after removal of a meningioma but, although the cause of this phenomenon is 
uncertain, the meningioma arose from the tentorium and did not therefore 
cause a craniovertebral anomaly in the manner suggested by Gardner 
unless prolapsed tonsils were responsible. If this were the case one would 
expect prolapsed tonsils to regularly cause syringomyelia. More difficult 
are the cases of syringomyelia described after tuberculous meningitis. One 
must distinguish between spinal and localized craniovertebral arachnoiditis. 
The spinal type may occur after meningitis and give rise to intraparen-
chymal cavitation unassociated with dilatation of the central canal [20]. 
Localized craniovertebral arachnoiditis is commonly found in the presence 
of congenital bony anomalies or the Chiari malformation. Giminez-Roldan 
et al. [21] described syringomyelia after tuberculous meningitis with 
evidence of a communication between the fourth ventricle and the syrinx 
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in two of these. However, one of these cases had hydrocephalus and there 
is no disputing that the upper end of the central canal may be wide open 
in hydrocéphalies [22]. The evidence of a communication in the other 
case is not entirely convincing. 

Appleby et al. [23] describe the pathological appearances in a patient 
who developed progressive neurological symptoms after an attack of tuber
culous meningitis at the age of 13 years. Details of this infection are not 
given. No macroscopic communication between the upper end of the 
syrinx at C2 and the fourth ventricle was seen, but the canal was patent at 
Cl on microscopy. The ventricles were not dilated. However, the fact that 
he had 'gross scoliosis' suggests that the onset of spinal disease preceded 
the tuberculous meningitis at the age of 13 years. 

Acquired 
The mechanism of cyst formation in the case of spinal cord tumour is prob
ably no different in most cases to that encountered in intracerebral 
tumours. In ependymomas, astrocytomas or haemangioblastomas the fluid 
leaks from tumour vessels and slowly collects around or within the solid 
component. I have given reasons for suggesting that cystic tumours should 
not be designated as syringomyelia but factors which aid the expansion of 
syringomyelia may also of course have the same effect in causing tumour 
cysts to extend. 

In the case of syringomyelia following cord trauma or spinal arachnoid
itis the origin of the syrinx is not certain. In trauma it is probable that the 
original cavity is formed by pulping of the central core of the cord [24] 
with subsequent reabsorption of blood and necrotic tissue and replace
ment by cord extracerebral fluid. Kao et al. [25] have suggested that the 
cavities are formed by the rupture and coalescence of microcysts in the 
myelin following trauma. If the same influences then bear upon the 
extension of these purely intramedullary syringes, as in the cases where 
the original cavity is congenital hydromyelia, it is not surprising that 
the gliotic wall eventually looks the same whatever the underlying 
cause. 

Barnett [20] has suggested that cavitation of the cord in spinal arach
noiditis is due to ischaemic necrosis, and again once a cavity is established 
it may extend due to hydrodynamic factors. 

CLINICAL FEATURES 
Congenital (Hydromyelic) 
It might be thought that there is nothing new to say about the clinical 
features of syringomyelia. There can be few medical students who do not 



168 TOPICAL REVIEWS IN NEUROSURGERY 

encounter, usually during a neurological demonstration, a case of syringo-
myelia with the characteristic clinical signs, but it must be remembered 
that syringomyelia is a pathological not a clinical description and that the 
classic signs, though usual, are not invariable and that conversely these 
classic signs may occur in other lesions such as solid intramedullary tumour. 
Logue and Rice Edwards [10] analysed the clinical findings in patients 
proved to have an intramedullary syrinx and found that the signs were 
usually of the classic variety but that some patients had a root entry syn
drome affecting power and all modalities of sensation in one limb, that 
tendon reflexes are quite often retained, that occasionally the legs may be 
affected rather than the arms and that rarely there may be little or no sen
sory loss. The clinical signs are not stereotyped therefore. It is also impor
tant to realize that a Chiari malformation may also cause neurological dis
ability independent of any associated syrinx. In a series of patients with the 
adult Chiari malformation in whom there was no clinical radiological or 
operative evidence that they also harboured a syrinx it was concluded that 
the signs were likely to be due to the Chiari malformation alone [11]. A 
common presentation was with benign cough headache — a sudden severe 
pain, usually occipital, which occurs momentarily after coughing, sneezing, 
laughing, bending or straining. Williams [17] has demonstrated the occur
rence of a craniovertebral pressure differential during these manoeuvres in 
the presence of a Chiari malformation and it is quite possible that the symp
tom is due to downward displacement of the hind brain and durai stimula
tion because of this. My own experience is that this symptom is invariably 
associated with a lesion at the foramen magnum (commonly, though not 
invariably, the Chiari malformation) even though this may be difficult to 
demonstrate. In three patients with cough headaches who were explored 
on clinical grounds in the face of negative or questionable radiological 
findings a mild degree of Chiari malformation was found in each and the 
symptom eradicated by operative decompression (Fig. 8.3). In other 
patients evidence of medullary dysfunction was found, in particular diffi
culty in swallowing, vertigo and oscillopsia due to downbeat nystagmus. 
Cerebellar ataxia with horizontal nystagmus was also encountered and in 
the limbs a spastic quadriparesis with or without impaired joint position 
sense. All these findings alone or in various combinations appear to be 
related to the Chiari malformation. Why this should cause cough headache 
in one patient, dysphagia in another and pyramidal weakness in a third and 
why this congenital lesion should cause symptoms for the first time in 
patients 20-50 years old are questions impossible to answer. 

Scoliosis, lower motor neurone signs and the classic suspended areas of 
dissociated sensory loss — signs associated with central cord lesions — are 
usually held to be due to associated syringomyelia although it is not 
always possible to confirm this radiologically or by observation of the 
upper two or three spinal cord segments during posterior fossa surgery. 
Lateralized pain, usually of an intense burning quality experienced within 
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Fig. 8.3. Typical appearance of Chiari malformation demonstrated by supine screen
ing of myodil in lateral (a) and anteroposterior (b) views. The cord is markedly 
dilated. In (c) the tonsils appear to be above the foramen magnum but the patient 
was explored on clinical grounds and proved to have a small Chiari malformation. 
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or at the borders of areas of cutaneous sensory loss, in contrast to benign 
cough headache, is also probably a symptom of cord cavitation. 

In the individual case of syringomyelia there may well be a combination 
of the effects of medullary compression by the tonsils and of the presence 
of a syrinx. Some of the features such as spastic weakness of the legs might 
be caused by either of these lesions but in certain cases it may be found 
that signs are all compatible with compression by the Chiari malformation 
and that in others the signs of cord cavitation predominate. Therefore, 
in some patients the clinical analysis will strongly influence the question of 
whether a patient should have surgery or not (because the results of ton-
sillar decompression are likely to be more effective than drainage of a 
syrinx) and what type of surgery shall be performed. An important point 
is that the signs of 'syringobulbia' may well be due to compression by the 
tonsils rather than extension of fluid into the medulla and that far from 
being the end result of a progressive and fatal cavitation, the prominence 
of these signs might well influence a surgeon more towards decompressing 
the cerebellar tonsils than against surgery. 

Hydrocephalus is found in approximately 25 per cent of patients with 
syringomyelia [10], but it is rarely severe enough to cause symptoms and 
is, in any case, of such chronicity that shunting is likely to carry a high 
risk of inducing subdural haematomas. Nevertheless, enlargement of the 
ventricles might sometimes contribute to the clinical picture particularly as 
a cause of postoperative drowsiness following surgery and justify ventri
cular shunting. 

Associated bony craniovertebral anomalies act as markers to the prob
able underlying Chiari malformation and seldom contribute to the neuro
logical deficit except in the case of significant basilar invagination. 

Acquired 
In about 2 per cent of patients with traumatic paraplegia or paraparesis 
(and a small number of quadriplegics) spontaneous pain, pain on coughing 
or sensory loss ascending from the level of the original deficit heralds the 
onset of post-traumatic syringomyelia. This occurs after an interval of 
months or years, the average being about 4 years. The onset of symptoms 
is typically unilateral but this progresses to bilateral sensory loss and 
increasing lower motor neurone weakness in the hands (and of course in
creasing weakness in the legs in those who are not already paraplegic). Ex
cess sweating above the level of trauma is also quite common. The end 
result may be total quadriplegia but progression can be exceedingly slow 
in some cases and even spontaneous remission has been observed [26]. 

Cavitation occurring in the cord in the vicinity of severe spinal arach
noiditis is rare but, as in the case of the post-traumatic variety, may 
present as a progressive lesion of the cord ascending above the level of the 
arachnoiditis. Where arachnoiditis spreads throughout the spinal canal it 
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may be difficult to determine whether deterioration is due to arachnoid
itis itself, to the development of arachnoid cysts or to cavitation [20]. 

RADIOLOGY 
Congenital (Hydromyelic) 
The advent of CT scanning and of a safer water-soluble contrast medium 
has changed the radiological management of these patients. 

Plain X-rays are abnormal in approximately 30 per cent of the congeni
tal type and the most common anomaly is posterior atlanto-axial fusion or 
apposition which nearly always indicates an associated Chiari malforma
tion. Basilar invagination is more rarely encountered and is seldom severe 
enough to cause symptoms. A more common anomaly is a combination of 
a short clivus and odontoid process with upward tilting of the anterior part 
of the foramen magnum. This renders McGregor's line well below the tip 
of the odontoid process but does not imply invagination of the foramen 
magnum, a fact that can be established by anteroposterior tomography. 
The distribution of the radiological abnormalities is shown in Table 8.1. It 
is important to remember that plain X-rays will be normal in 70 per cent 
of cases. 

Table 8.1. Craniovertebral Anomalies in 75 Cases of Syringomyelia 

Wide cervical canal 14 
Atlanto-axial fusion or apposition 9 
Basilar invagination 2 
Bifid Cl 1 
Bifid C6 1 
Extra bone between clivus and dens 1 
Fusion C2-3 1 
Asymmetrical posterior fossa 1 

Six patients had more than one abnormality. 
Data of Logue and Rice Edwards [ 10]. 

CT scanning reveals that the ventricles are dilated in only about 25 per 
cent of cases [10]. Demonstration of the syrinx by CT scanning will 
depend on the sophistication of the equipment employed but it is to be 
expected that this method will be increasingly successful as time goes on. 
Already Bonafé et al. [27], using a modified EMI CT scanner, have re
ported that they were able to identify a syrinx in each of 32 cases of 
syringomyelia. As mentioned by Dr Kendall (Chapter 2, p. 49), the cord was 
of normal proportions in four of these and the syrinx would not therefore 
have been demonstrable by myelography. A Chiari malformation was 
demonstrated in 50 per cent where this aspect was investigated and it is 
possible, therefore, to identify all the important points — syrinx, Chiari 
malformation, bony anomaly, ventricular size — by plain X-rays and CT 
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scanning alone. The demonstration of a syrinx or a tumour cavity by CT 
scanning may be aided by enhancement of the cord with intravenous 
xenon or by intrathecal metrizamide which may enter the syrinx itself 
after a delay of approximately 6 hours. The demonstration of nodules 
within cystic tumours may be helped by enhancement with intravenous 
metrizamide (Chapter 2, p. 49). 

The delineation of the cerebellar tonsils by CT scanning is aided by 
direct or reconstructed coronal scanning and by the introduction of a low 
concentration of intrathecal metrizamide. 

Conventional myelography, preferably using metrizamide, will be 
needed where CT scanning has failed to show these abnormalities. The 
position of the tonsils is demonstrated by screening the patient in the 
supine position (Fig. 8.3). There is virtually never an obstruction anterior 
to the medulla and cord. The lower borders of the tonsils may be demon
strated well below the level of the foramen magnum but it must be remem
bered that contrast medium may flow in the vallecula between the tonsils, 
obscuring the level of the tips. Oblique views may be helpful in demon
strating the tonsils jammed against the dura posterolaterally, and antero-
posterior views are also needed to establish the position of the tonsillar 
tips. Even then the malformation may be missed. Very often the degree of 
protrusion is small and the tonsils may be wrapped around the side of the 
medulla like curtains, so that the main obstruction is lateral rather than 
posterior. The appearances may merely give a 'crowded' appearance or 
seem virtually normal. Air myelography with tomography of the fora
men magnum region can also demonstrate the degree of tonsillar descent 
though a true comparison between air- and water-soluble contrast medium 
has not been made. Fig. 8.3c demonstrates a patient where the results of 
myodil myelography were reported as normal but where an air study 
suggested that the tonsils just protruded into the foramen magnum. At opera
tion the presence of a small Chiari malformation was confirmed and the 
patient's severe and disabling cough headache was immediately cured by 
decompression. 

The diameter of the cord is well assessed by metrizamide myelography 
but the limits of normality are arbitrary. It should be possible in many 
cases to distinguish the smooth outline of syringomyelia from the more 
localized widening caused by an intramedullary tumour. The presence of 
abnormal vessels may also be noted in the vicinity of a tumour. 

The place of air myelography nowadays is uncertain. It has the advan
tage over metrizamide or myodil that it may show dynamic changes in the 
size of the cord, for when a flaccid cyst is surrounded by air the fluid in it 
will fall to its most dependent part, causing the cord to expand or to 
shrink according to whether the patient is tipped head-up or head-down 
(Fig. 8.4). Ellertson [28] claims that cystic tumours are more tense and 
change very little, if at all, with posture. It can be accepted that the collaps
ing cord is characteristic of the presence of syringomyelia. These dynamic 
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Fig. 8.4. Air myelography. Variable diameter of cord in head-down (a) and head-
up (b) positions. Air myelography has only a limited use nowadays. 

changes have been widely misunderstood. The collapsing cord sign does 
not imply that the syrinx empties into the fourth ventricle but is merely 
a demonstration of how a flaccid fluid-filled cavity behaves when half of 
it is surrounded by air rather than fluid. It is similar to the behaviour of a 
balloon half-filled with water. When immersed in water the balloon has a 
gentle rounded shape, but when suspended in air the upper half collapses 
as the water gravitates to the lowest part. The dynamic changes do not 
imply the presence of a communication with the fourth ventricle rather 
the reverse because the syrinx typically collapses when the patient is in the 
head-up position whereas if a wide communication with the fourth ven
tricle were present it would be expected that the cord would fill rather 
than empty. Air myelography is unpleasant for the patients, carries a small 
risk of causing neurological deterioration and is not completely reliable 
as some patients with syringomyelia proved by other means do not show 
the typical collapsing cord sign [10]. 
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Finally, puncture of the cord may be carried out during myelography 
or as a separate procedure. Dr Brian Kendall has carried out over 130 
examinations of this type with one permanent deficit resulting from the 
procedure and five transient ones [29]. It is therefore a relatively safe pro
cedure in experienced hands and will establish the diagnosis of syringo-
myelia by the withdrawal of clear, colourless CSF from the cord. (Fluid 
from a cystic tumour, and sometimes from a post-traumatic syrinx, is 
yellow and proteinaceous.) 

The injection of metrizamide into the syrinx to perform an 'endo-
myelogram' will demonstrate the extent of the syrinx and demonstrate 
the existence, if any, of a communication with the fourth ventricle and 
whether or not the syrinx descends into the sacral segments if division of 
the filum terminale is being considered (see below). In cystic tumours endo
myelography may demonstrate the mural nodule and the exact level 
where the surgeon will find tumour. Computed endomyelography is a 
refinement of this technique and is described by Dr Kendall in Chapter 2. 

Which of these investigations should be employed, and in what order? 
Clearly the extent of radiological investigation will depend upon whether 
the patient is to be considered for operative treatment, but in those under
going surgery it is advisable to have established the presence of the main 
anomalies by radiological means. 

In some cases all the essential features can be established by a combina
tion of CT scanning and plain X-rays. If not myelography is needed. A 
swollen cord in the presence of a Chiari malformation can be assumed to 
be due to syringomyelia and no further investigations needed. If the cord 
is small or of normal proportions in the presence of a Chiari malformation, 
it may not be therapeutically important to establish whether a small syrinx 
exists or not as syringostomy would be unlikely to help and might be 
hazardous. This point is usually decided on clinical grounds. If, however, it 
is considered essential to establish whether a syrinx is present, air myelo
graphy or puncture of the cord is probably the way to do it. 

If there is no Chiari malformation and the cord is swollen in a smooth 
generalized manner, puncture of the cord or air myelography may be 
employed to establish whether one is dealing with syringomyelia or a 
cystic tumour, unless of course CT scanning has given information on this 
point. Endomyelography may be useful to demonstrate a tumour nodule 
or to indicate the lower extent of the syrinx if division of the filum 
terminale is being considered (see below). Analysis of the cyst fluid will 
usually establish whether syringomyelia or cystic tumour is present. It is 
important to avoid puncturing a vascular tumour and evidence of abnor
mal vessels should be looked for on the myelogram. If they are absent and 
the clinical findings suggest a high cord lesion as they do in most cases it 
should be safe to puncture the lowest part of the swollen cord away from 
the level of clinical suspicion. If signs suggest a low cord lesion, if the cord 
is swollen over a limited area only, or if abnormal vessels are seen, it is 
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more likely that a tumour is present and spinal angiography should prob
ably be done first. Angiography may then obviate the need for cord 
puncture as a diagnostic manoeuvre by showing tumour circulation or may 
indicate that puncture is relatively safe in the absence of such vessels. 

Acquired 
Here there is no reason to expect radiological abnormalities at the foramen 
magnum. CT scanning is the method of choice to show the syrinx. Other
wise myelography should be employed to show the width of the cord 
above the level of trauma. Where the cord appears of normal dimension 
percutaneous puncture and endomyelography may be used to outline the 
syrinx itself. Both in the case of myelography and endomyelography the 
needle is passed just above the level of primary trauma [30]. Endomyelo
graphy is not a technique available everywhere and the clinical context is 
so characteristic that it may well be justified to explore the spinal cord 
above the level of primary trauma on clinical grounds alone. 

In the case of post-arachnoiditic syringomyelia myelography is unlikely 
to be helpful and may well be detrimental in the presence of widespread 
arachnoiditis. CT scanning would be especially important in such a case 
but where this fails to show a syrinx it may be necessary to explore the 
cord on the basis of clinical findings. 

OPERATIONS 
Congenital (hydromyelic) 
Ventriculo-atrial Shunt 
Krayenbuhl and Benini [31] accepted the theories of Gardner [3] {see 
below) and proposed that a logical way of treating syringomyelia was to 
perform a ventriculo-atrial shunt. The logic is not, however, entirely clear 
for they proposed correction of CSF circulation rather than attempting to 
influence the CSF arterial pulse wave which was thought to be the crucial 
factor by Gardner. In fact there is little evidence that CSF circulation is 
usually impaired intracranially in patients with syringomyelia: it is not 
a condition associated with raised intracranial pressure and the ventricles 
are mostly of normal size. Nevertheless, the authors describe 7 cases who 
were treated by shunting and they all seem to have improved to some 
extent, sometimes dramatically. These results must be treated with caution. 
In 3 cases the ventricles were enlarged, in 2 others the CSF pressure was 
raised and in 1 other the ventricles may well have been enlarged as the 
patient had previously had meningitis. They are not, therefore, typical. In 
the remaining case there was no evidence of impaired CSF circulation and 
no objective neurological improvement occurred after shunting though the 
patient showed 'some recovery of swallowing'. 
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Fig. 8.5. In this case air was injected into a hugely dilated fourth ventricle and enters 
a syrinx within the cord. The patient could not be treated by shunting the lateral 
ventricles as there was also aqueduct stenosis. (Courtesy of Professor Valentine 
Logue.) 

It is hard to see why shunting would help in cases where the ventricles 
are of normal size and where there is likely to be little or no communica
tion between the ventricles and the syrinx. However, shunting should be 
considered when the ventricles are enlarged. Ventricular enlargement is 
usually of long standing and unlikely to be the source of neurological 
symptoms itself, but there may well be a communication in such cases and 
shunting may then be the most effective and surest way of drainage. Thus, 
hydrocéphalie children with evidence of cord expansion should be treated 
in this way (Fig. 8.5). Shunting may also be needed when hydrocephalus 
complicates posterior fossa surgery (see below). 

Gardner's Operation 
Gardner's great contribution was to recognize the strong association be
tween syringomyelia and the Chiari malformation. His operative findings 
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indicated that the foramen of Magendie was often occluded by a mem
brane and that the hind brain hernia also caused narrowing of the fora
men. His theory is based on these observations and on the views of Bering 
[32] concerning the origin of the CSF arterial pulse wave which was 
thought to be caused by pulsation of the choroid plexus in the lateral 
ventricles. Gardner argued that this is normally dispersed via the outlets of 
the fourth ventricle into the subarachnoid space. When the rhombic roof is 
narrowed or occluded by a semipermeable membrane this may be com
petent to equalize the mean pressure within and without the fourth 
ventricle, thus not causing hydrocephalus, but not to equalize the pulse 
pressures — This may be compared to a window screen readily permeable 
to a breeze but which bulges in response to a sudden gust' [3]. The 
result is that the arterial CSF pulse wave is not dispersed via the foramina 
of the fourth ventricle and exerts an effect like a water-hammer on the 
lower end of the fourth ventricle which tends to dilate the central canal. 
Gardner's operation is a logical conclusion to this hypothesis and con
sists of opening the foramen of Magendie, enlarging the subarachnoid space 
in order to accommodate the CSF arterial pulse wave and blocking the 
communication between the fourth ventricle and the central canal by 
tucking a piece of muscle or a wisp of cottonwool into the lower reaches 
of the fourth ventricle. Gardner was able to establish that such a com
munication existed in some of his patients. He reported a series of 74 cases 
but the central canal was only plugged in the last 33 of these. There was 
improvement in 52, no change in 11, worsening of preoperative symptoms 
in 6 and operative death in 5. Of 17 patients followed for more than 15 
years, 8 (half the survivors of the operation) had received lasting benefit. 
Details of this improvement are not given, however, nor is it stated 
whether those who had the central canal plugged did better than those 
who did not. 

Decompression of the CerebeUar Tonsils 
As a result of Gardner's ideas most surgeons have attempted to correct the 
hind brain anomaly that is so commonly found in patients with hydro-
myelia and syringomyelia. In the series reported by Logue and Rice 
Edwards [10] the early cases underwent Gardner's operation. However, 
it was noted that when the central canal was not blocked with muscle, for 
instance because arachnoid adhesions were too dense to justify exposing 
the fourth ventricle, the results were not inferior. Doubts about the 
validity of Gardner's hypothesis and the suspicion that the beneficial 
effects of the operation were due to decompression of the tonsils and not 
by influencing the syrinx led to a change in policy. Recent cases have been 
treated by tonsillar decompression alone. The procedure is done in the 
prone position. The lower part of the occipital bone and the laminae of Cl 
and C2, sometimes C3, are removed as widely as possible (taking care 
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Fig. 8.6. Simple decompression of Chiari type I malformation. The arrow indicates the 
level of the foramen magnum. The tips of the tonsils are outlined. The arachnoid 
was not opened in this case. 

about the position of vertebral arteries) and the dura is opened. The arach
noid is left intact as any underlying anomaly is usually visible. If not, a 
small opening is made in the arachnoid to inspect the area and then re-
approximated by clips. A small arachnoid incision will also be needed if a 
syringostomy is performed (see below). The dura is left open (Fig. 8.6). 

Comparison of patients receiving Gardner's operation and simple ton-
sillar decompression reveals that the results are very similar: approxi
mately 30 per cent are improved and 40 per cent stabilized. Improvement 
in long tract signs, pyramidal and posterior column, is the chief mode of 
recovery after each operation. Only rarely does sensory loss improve and 
neither muscle wasting nor lost reflexes usually return. Gardner's opera
tion, however, is followed by frequent complications (usually of a tem
porary nature), such as hydrocephalus or sterile meningitis, whereas simple 
decompression is not [10]. 

It is envisaged that the relief of tonsillar compression alleviates the 
effect of pressure on the medulla and spinal cord but does not influence 
the syrinx. Whether or not the procedure influences the progression of 
the syrinx is uncertain. It is possible that rectification of the spinocranial 
pressure dissociation that occurs in the presence of a partial block of the 
foramen magnum may alter the effect of these pressure changes on the 
syrinx. 
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It should be noted that although approximately 30 per cent of patients 
improved after Gardner's operation or simple decompression the gain was 
modest and in less than one-half of the improved cases did function im
prove significantly to affect the patient's mode of life. It should be noted 
that this is in contrast to the situation in which this operation is performed 
in cases of Chiari malformation in the absence of syringomyelia when 
approximately 75 per cent of patients improve [11]. This is striking in the 
case of symptoms of medullary compression which are usually relieved in 
patients without syringomyelia by decompression of the Chiari malforma
tion whereas similar symptoms occurring in the presence of syringo
myelia (when the mechanism may either be tonsillar compression or exten
sion of the syrinx into the medulla) are much less likely to be alleviated. 

Syringostomy 

An operation in which clear fluid was aspirated from the spinal cord was 
first carried out nearly 90 years ago [33]. Thereafter syringostomy 
became the usual operation until Gardner's work shifted attention to the 
posterior fossa. It may be employed as an additional measure during ton
sillar compression if there is evidence of a large cavity in the exposed 
upper two or three segments of the cervical cord. Otherwise it is usually 
performed as a separate procedure via a high thoracic laminectomy below 
the cervical enlargement so as to avoid inflicting any damage to the arms 
even though the syrinx is usually largest at the cervical level. The incision 
is made at any point where the syrinx is visible on the surface. Otherwise 
an entry may be made in the midline or at one posterior root entry zone 
where typically the syrinx comes nearest to the surface. If the incision is 
made away from the midline the presence or absence of impaired joint 
position sense in the legs may determine the side on which the cut is made, 
it being preferable to operate on the side already affected rather than risk 
involving a limb with normal proprioception. 

In the past the operation has consisted of either making a hole into the 
syrinx or inserting a variety of setons to ensure patency. Nowadays it is 
preferable to insert a length of narrow Silastic tubing which is then 
anchored to the arachnoid or to the dura. The inner wall of the syrinx is 
seen to be smooth but typically forms a series of sausage-like bulges with 
sharp constrictions between. The results of this operation have been re
viewed by Love and Olafson [34]. They grade the results as 30 per cent 
'excellent' (showing subjective or objective improvement); 40 per cent 
'good' (status unchanged); 30 per cent 'poor' (progressive deteriora
tion). Although it is not possible to make an accurate comparison with 
posterior fossa surgery (especially as the cases may not all be of the same 
type of syringomyelia), it would seem that the results are not dissimilar. 
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Percutaneous Puncture 
Temporary improvement can certainly occur after tapping a tumour cyst 
but it is only rarely that this significantly helps patients with syringo-
myelia {see Case Report below). 

Syringo-peritoneal Shunt 
If the syrinx is a non-communicating chamber and if progression occurs as 
a result of the effects of pressure changes on the fluid within the syrinx as 
envisaged by Williams [16, 17] it might be logical to attempt shunting the 
fluid into another cavity in order to obtain collapse of the syrinx. The 
following case of very advanced syringomyelia was treated by my colleague 
Mr R. D. Illingworth by a percutaneous technique under local anaesthetic. 

Case Report (M. A. B., male, aged 27) 
The patient had a 7-year history of progressive limb weakness. There was gross wast
ing and weakness of the arms and he was unable to use his hands at all. The upper 
limb tendon reflexes were absent. He was breathless owing to weakness of the inter
costal muscles and was unable to lie down. There was gross spastic weakness of the 
legs and he was unable to walk. Pain sensation was lost from C2 downwards bilater
ally and joint position sense was absent in the hands. 

X-rays showed a wide cervical canal, severe kyphoscoliosis, an expanded spinal 
cord and a Chiari malformation. Percutaneous aspiration of clear fluid from the 
syrinx (Dr Brian Kendall) resulted in definite but transient improvement. His re
spiratory function was so poor that it was thought unlikely that he would withstand 
a major operation. Under local anaesthetic a paediatric Ryle's tube was introduced 
into the syrinx percutaneously through a large aspirating needle and then taken 
subcutaneously and introduced into the peritoneal cavity. Following this procedure 
there was sustained improvement in his breathing and he was able to lie flat. There 
was also some improvement in the power of his limbs although not to a degree pro
ducing any real functional benefit. The patient lived abroad and it is not known 
whether this improvement has been maintained. 

Division of Filum Terminale 
In 1977 Gardner and co-workers [35] reported a series of cases of syringo
myelia treated by division of the filum terminale at its junction with 
the conus medullaris by what was called 'terminal Iventriculostomy'.I The 
terminal ventricle is a dilatation of the central canal in the tip of the conus 
extending into the upper portion of the filum terminale [36]. Gardner 
and his colleagues found evidence of such a cavity in 3 of 11 adult patients 
with no known neurological disease examined at autopsy, a surprising find
ing in view of the fact that the central canal is normally closed in adults, 
and in 10 of 11 operated patients with syringomyelia in whom the filum 
was examined histologically. It was therefore claimed that making an 
opening into the terminal ventricle is an effective way of draining a syrinx. 
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In 7 of the cases described the operation was carried out in addition to 
the posterior fossa approach previously described by Gardner [3] and was 
used as the primary operation in the remaining 5, though no reasons were 
given for favouring it. The operation has the advantage of simplicity and 
safety but the question must remain as to how frequently the syrinx ex
tends as low as the filum terminale. My own experience of 2 operative 
cases is that in one there was no cavity and in the other a microscopical 
channel which did not appear to communicate with the main syrinx. 
Examination of pathological material in patients dying with the diagnosis 
of syringomyelia of the hydromyelic type shows that the syrinx usually 
does not extend as low as the sacral segments let alone into the filum 
terminale [7]. Nevertheless the syrinx may occasionally be drained by 
this route. 

Case Report (S. F., female, aged 37) 
This patient, who was under the care of Professor Valentine Logue, developed a 
scoliosis as a child with progressive weakness of the limbs at the age of 18. When she 
was 21 investigations revealed a severe degree of basilar invagination and an expanded 
cervical cord. A foramen magnum decompression was done at which the tonsils were 
found to be matted together but above the foramen. Clear CSF was aspirated from 
the cord and an upper cervical syringostomy made. The patient then remained stable 
for 8 years but deteriorated relentlessly over the subsequent 2 years when a second 
syringostomy, this time at the mid-dorsal level, was performed, with improvement in 
her gait. However, within 2 years her walking had again become worse and this 
deterioration continued slowly for the next 5 years. At this stage in 1977 the conus 
was exposed and a thickened filum terminale found to contain a cavity from which 
clear, colourless, CSF drained. An adequate T-shaped incision was made which gaped 
open. There was temporary improvement following this procedure and she was able 
to lift her right leg high in the air whereas previously she had not been able to raise it 
at alL However, within 6 months this improvement had not been maintained. 

Operation for Basilar Invagination 
Detailed description of this is beyond the scope of this review but it must 
be remembered that syringomyelia may be associated not only with the 
Chiari malformation but with other malformations, in my experience 
always congenital, or occasionally with no abnormality [10]. The only 
bony anomaly which is likely to cause neurological symptoms is basilar 
invagination which usually compresses the brain stem anteriorally. If this is 
demonstrated radiologically to be the case and if it is thought that the clini
cal signs are more compatible with this than with the effects of cord 
cavitation, an anterior transoral removal of the odontoid process is likely to 
be the best procedure. In some cases posterior fusion is then needed to 
maintain stability [37]. 

Choice of Procedure 
As mentioned above, a true comparison between posterior fossa surgery 
and syringostomy cannot be made. In the past, results have usually been 
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quoted in vague terms such as 'improved' or 'unchanged'. For a condition 
which often has a constellation of symptoms and signs the description 
'improved' is imprecise when the clinical features may include pain, diffi
culty in swallowing, oscillopsia, weakness or sensory loss. For instance, 
walking may be improved after surgery but the pain made worse. Further
more the follow-up in many series is short. It is notorious that patients 
often describe improvement immediately following operation which is not 
maintained after a few months. Such patients cannot be described as 
'improved'. 

Patients who are already severely disabled seldom show much improve
ment and one must be cautious about treating those whose disease is 
already static. Thus, the best patient would be young and not severely dis
abled with cough headache in whom long tract signs, quite likely to be 
related to tonsillar compression, predominate. 

In most cases syringomyelia will be associated with a Chiari malfor
mation and I believe that decompression of the cerebellar tonsils is the 
best procedure if the signs are compatible with that. Simple decompression 
leaving the arachnoid intact is a safe procedure and unlikely to make the 
patient worse. This is an important point in treating a condition where the 
results of operation are modest. It is essential to treat patients with cough 
headache as this symptom is very likely to be cured. If a syrinx is visible in 
the exposed upper two or three cervical segments and if it is judged that 
this can be entered reasonably safely then syringostomy with insertion of a 
Silastic tube should be performed as part of the initial procedure. 

In the event of no improvement or relapse following this operation a 
dorsal syringostomy should be considered as present evidence suggests that 
this is more effective than syringostomy by division of the filum terminale. 
That procedure should probably only be performed where an endomyelo-
gram has demonstrated that the syrinx extends to the bottom of the spinal 
cord and where other methods have failed. 

Associated hydrocephalus and craniovertebral bony anomalies should 
be treated on their own merit and it cannot be overemphasized that the 
radiological features must be correlated carefully with the clinical findings 
to analyse which of these is most likely to be helped by which operative 
procedure. 

Acquired 
Posterior fossa surgery has no place in these cases. The syrinx does not 
communicate with the central canal and only very rarely with the sub-
arachnoid space. In those with complete post-traumatic lesions the choice 
of procedure lies between syringostomy just above the level of trauma 
(bringing the distal end of the tube into the subarachnoid space upwards 
well away from the site of primary trauma) and complete cord transection. 
In the latter case the upper end of the cord may retract when it is freed 
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from arachnoiditis at the site of the primary trauma. A catheter may be 
placed into the stump to ensure patency. When the lesion is incomplete 
only syringostomy, of course, can be employed. Barnett and Jousse [26] 
report good results in these procedures. Six of 7 patients suffered from 
pain which was relieved by operation. Power improved in 6. Shannon et al. 
[30] also report good relief of pain which occurred in 10 of their 13 
patients. They noted improvement in power in 4 but no improvement in 
sensation and they concluded that no definite statement could be made 
about the effect of operation on the natural history of this disease. 
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CT scan of, 43 

subdural effusion 
appearance, 125 
contrast enhancement of, 32, (Fig. 

2.7) 33 
subdural haematoma 

balance between expansion and 
reabsorption in, 128-30 

CT scan of, 124, 126, 129 
image reformatting in CT, 25 
initial formation of, 123-5 
pathophysiology of enlargement in, 

125-8 
spontaneous resolution of, 128-30 
therapy of, 130-1 
volume of, 130 

subdural membranes 
absorption factors, 128-30 
ultrastructure of, 127-8 

subfrontal exploration for craniopharyn-
gioma, 134, 135-7 

sulphinpyrazone for platelet inhibition, 
74 

supra-orbital arterial flow, 61-2 

syringobulbia, 170 
syringomyelia 

acquired 
clinical features of, 170-1 
operation for, 182-3 
pathogenesis of, 167 
radiology of, 175 

classification of, 161-3 
congenital 

clinical features of, 167-70 
operations for, 175-82 
pathogenesis of, 163-7 
radiology of, 171-5 

CT scans of, 49, (Fig. 2.23) 51, 52, 
(Fig. 2.24)53,171-5 

pathogenesis of, 163-7 
surgical management of, 161-84 

syringo-peritoneal shunt, 180 
syringostomy, 179, 182-3 

therapies, neurological 
comparison of, 8-11 
for glioma, 93-121 
for stroke prevention, 72-4 

Thio-TEPA for glioma therapy, 94 
thoracic disc protrusion, CT scan of, 

(Fig. 2.8) 35 
thrombus, carotid artery 

carotid artery, 57-9, 63 (Fig. 3.4) 64, 
81-2 

following endarterectomy, 68 
prevention, 72-4 

tonsils, cerebellar 
CT scan of, 172 
decompression of, 170, 177-9, 182 
prolapsed, 163, 166 

transient ischaemic attack (TIA) see 
ischaemia, transient cerebral 

transcallosal exploration for cranio-
pharyngioma, 137 

transtemporal exploration for cranio-
pharyngioma, 139-46 

transventricular exploration for cranio-
pharyngioma, 137 

trials 
in cerebral glioma, 109-13 
databanks, 10-11 
historically controlled, 10 
patient comparison, 6-8 
patient numbers, 5-6 
prediction technique, 10-11 
randomized controlled, 8-10 
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trials (cont.): ventriculo-atrial shunt for syringomyelia, 
standardized, 6, 10 175-6 
therapy comparison, 8-11 ventriculostomy, terminal, 180-1 

vertebro-basilar ischaemia, 90 
vinblastine for glioma therapy, 95 

ultrasonic angiography for carotid vincristine for glioma therapy, 113, 115 
stenosis detection, 62-3 

vascular abnormalities, contrast enhance- xenon for contrast enhancement, 32-3, 
ment of, 40 49-52 


