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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ces, soon to be out of date.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, [ hope, an example of the former and is revelant 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

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

{at P < 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 < 0-05 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 <0-05 [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 IIt Series 111
Age group (%) (%) (%) (%)
10-29 yr 35 62.5 50 25
30-49 yr 40 0 25 75
50-69 yr 80 37.5 25 0
Mean age for series 35yr 35yr 35yr
Expected mortality for series 52% 48% 38%

*Estimates from data bank.
+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 mortality 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

Frequency as Frequency as
Severity sign best state (%) worst state (%)
Coma sum 3/4 19 49
Non-reacting pupils 23 44
Absent/impaired eye
movements 23 34

Abnormal motor
response pattern 41 62
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Table 1.4 Mortality of Two Series with Different Distribution of Age and Coma
Scores

Mortality*
No. of Age Coma score Subset
patients (yr) (best in st day) (%) Whole series
Series A
100 0-19 3-4 66 )
100 > 60 5-7 94 80% mortality
Series B
100 0-19 5-7 31 )
100 > 60 3-4 96 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 Primary surgeons/anaesthetists

Spinal injuries |

Disc disease | Orthopaedic surgeons

Intensive care for coma |

Lesion making for pain , Anaesthetists

Pituitary/acoustic tumours Otolaryngologists

Craniofacial orbital tumours/\ Ophthalmologists/Plastic maxillo-
deformities j facial

Carotid endarterectomy/

s . . ular surgeon:
extracranial-intracranial anastomosis Vascular surgeons

Hydro cephalus/spina bifida Paediatricic surgeons
Tumours Radiotherapists/oncologists
Diagnosis Radiologists/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 10° 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

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 mm?) the voxel size may vary between 4-5 mm3
and 0-84 mm?® 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)? X (spatial resolution)? 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 4% 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 aslow 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
02 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)?
X 5 mm or 0-7 mm?, 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 Vv 2, 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 polytomography 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. Polytomo-
graphy, which has higher resolution and hzs 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 Facility

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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b

Fig. 2.1. Angiomatous malformation around left optic nerve: (@) 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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“/ 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. @, Plain scan. b, Same
section repeated after repositioning following inhalation of 70 per cent xenon for
20 minutes. ¢, Same section repeated after intravenous bolus injection of 70 ml Con-
ray 420. d, Subtraction of (@) from () 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 (#) 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 intervertebral 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 (1-5-2-0 mm) contiguous sections.

Advantages of Reformatting 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. ¢, Through enlarged sella
showing the extension of tumour around the right side of the dorsum into the prepontine cistern. », Through the chiasmatic cistern showing
a lobulated suprasellar extension. ¢, d, Coronal reformatted sections, 3 pixels in thickness. ¢, 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. f, g, Sagittal reformatted sections 3 pixels in thickness. f, Made in plane
indicated on section () and (g), 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 ini 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! mi™ of jodine
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 mono-
meric media and metrizamide.



30 TOPICAL REVIEWS IN NEUROSURGERY

a b

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 (infarct, 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 meninges, muscles orin
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