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GLUCOSE METABOLISM IN PATIENTS WITH

CEREBRAL GLIOMA: APPLICATION OF

POSITRON EMISSION TOMOGRAPHY

DGT Thomas, RJS Wise, R Beaney, CG
Rhodes, A Lammertsma, T Jones (Lon-
don)

Altered physiology in malignant cerebral
gliomas and in the surrounding brain tissue
is relevant to the difficulties encountered in
attempts to eradicate these neoplasms by
surgery, radiation and chemotherapy. The
authors had made regional quantitative
measurements of oxygen and glucose
metabolism in an effort to discover the
metabolic features of cerebral glioma. They
had employed positron emission tomo-
graphy with the EG and G Ortec E CAT II
scanner at the MRC Cyclotron Unit in
London, and used the steady '5oxygen and
"TF-fluorodeoxyglucose methods. Eight
patients with cerebral glioma were studied
and cerebral oxygen utilisation, (CMRO2),
cerebral blood flow (CBF) and cerebral
glucose metabolism, (CMR Glu) were mea-
sured. In tumour areas CBF was found to be
low but relatively greater than CMRO2, so

that the resulting ratio, that is oxygen
extraction ratio, or OER, was low. By
contrast, the CMR Glu in tumour areas was

similar to that in normal brain areas, with
the result that when related to CBF the
glucose extraction ratio, GER, was higher
than normal. The metabolic ratio (MR),
relates CMRO, to CMR Glu and was low.
This was thought to indicate uncoupling of
oxygen and glucose metabolism, with
preferential anaerobic utilisation of glucose
within glioma tissue. Oxygen is present,
unused, and therefore in excess of needs in
the tumour. The study showed the feasi-
bility of measuring concurrently a patient's
cerebral oxygen and glucose metabolism,
and from this quantitative data, of drawing
inferences about the nature of glioma
metabolism in vivo. The tumours appeared
not to be hypoxic, but to be relatively
hyperaemic and to be characterised by
utilising glucose anaerobically.

NALOXONE IN PROFOUND CEREBRAL

ISCHAEMIA?

SF Avery, HA Crockard, R Ross Russell
(London)
There have been reports that high dose
naloxone therapy might reduce the effects
of cerebral ischaemia clinically and experi-
mentally. The doses advocated have been a

100-1000 times those required to neutralise
the effects of opiates. The means whereby
the drug produces its beneficial effect is the
subject of considerable debate. The pur-

pose of these studies was to evaluate in the
experimental situation the effects of nal-
oxone on survival, cerebrovascular res-

ponses and oedema formation in a model of
severe transient global ischaemia in the
gerbil. Adult male gerbils anaesthetised
with barbiturate 60 mg/kg were subjected to
1 hour of bilateral carotid occlusion fol-
lowed by restoration of circulation. In the
treated animals, Narcan (Du Pont) was

administered 8-10 mg/kg body weight 15
minutes prior to carotid occlusion. These
were compared to two other groups, those
without any treatment and another group
which had a similar volume of the vehicle
solution without naloxone. Following 1
hour of global cerebral ischaemia, 50% of
the gerbils died within 3 hours of
reperfusion and 93% succumbed within 24
hours. Thirty minutes occlusion resulted in
an overall mortality of40% at 24 hours. Pre-
treatment with both Narcan and the vehicle
solution had a slight but a significant
improvement on survival. Reperfusion
blood flow studies showed a significant
increase in early reperfusion blood flow in
all animals treated with Narcan (naloxone
+ vehicle solution) and a similar effect of
the vehicle solution by itself. Neither
Narcan nor the vehicle solution had any
effect on postischaemic reperfusion
oedema. The authors concluded that there
may be a beneficial effect of pre-treatment
with Narcan in experimental ischaemia.
The effect, however, may not be due to the
naloxone but the vehicle solution in which it
is dissolved.
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RINGWORM. RADIOTHERAPY AND
TUMOURS-A MACABRE TALE OF TWO
SISTERS
E Mee, M Sharr (London)

In 1909, Adamson and Keinbock described
in the Lancet a therapeutic procedure for
the administration of radiotherapy to the
scalp as treatment for ringworm. Since then
retrospective studies have demonstrated
that patients having undergone radio-
therapy to the head have a statistically
significant increase in the incidence of
cerebral tumours. These tumours occur
proximal to the other radiation induced
changes in the brain and scalp. There is also
a dose related interval for tumour induc-
tion. The case reports of two sisters were
presented. Each as a child in India had
undergone radiotherapy for scalp ring-
worm. Each later developed a space
occupying lesion diagnosed as supra-
tentorial meningioma, that was excised at
craniotomy, and subsequently each sister
had a second tumour diagnosed. Excision
biopsies demonstrated a cerebral glioma,
from which both sisters died. The intervals
between radiation and tumour induction
were 32 and 42 years respectively. There
was no family history of previous cerebral
tumours or evidence of phakamatoses. The
authors reviewed the literature on the
cerebral tumours that had arisen after
radiotherapy. Thirty-one instances of a
meningioma arising after low dose (ap-
proximately 800 rad) had been described;
twenty-seven of these patients had been
treated for scalp ringworm. Ten men-
ingiomas have been described to follow high
dose radiotherapy. Retrospective studies
suggested that patients having undergone
low dose radiotherapy to the head carried a
four fold increase in the risk of a
meningioma, which usually arose in prox-
imity to the associated radiation induced
scalp damage. After low dose radiation, the
interval to induction was around 30 years,
and the peak incidence at 39 years of age.
The induction interval following high dose
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radiotherapy was on average 20 years.
suggestive of a dose dependent induction
interval. Gliomas following radiotherapy
were rare, and ten cases had been reported
previously. Three of these cases occurred
after low dose radiation. Because there had
not been retrospective studies which in-
cluded a control group. it was not possible
to say if this incidence was above the
expected glioma rate. The actual risk of
radiation inducing a cerebral tumour was

noted to be small. Radiation was said to give
a four fold increase in the meningioma rate;
in 100 000 survivors of childhood or adoles-
cent treatment, there would be around five
cases of meningiomas per year, instead of
the predicted single case. The risk was not
apparent for ten years and reached its
maximum 2(-3() years following radiation.
The glioma risk might not be above the
predicted rate. The authors suggested that
neurosurgeons should enquire about ex-

posure to previous radiation in patients with
a glioma so that the risk may be assessed.

COMPUTER GENERATED THREE-
DIMENSIONAL RECONSTRUCTION OF THE
HUMAN VTH NUCLEAR COMPLEX
F Afshar. ES Watkins (London)
The trigeminal nuclear complex extends
throughout the greater part of the brain-
stem. At the medullary level, the spinal
nucleus and tract of Vth nerve nucleus have
formed the target sites for producing
stereotaxic lesions and, more recently
chronic neurostimulation in the treatment
of certain forms of intractable facial pain.
The authors reported work aimed at provid-
ing a means of locating stereotactically. the
Vth nerve nuclear complex. Rigid criteria
were devised for obtaining reference points
and planes, from which an accurate rectilin-
ear co-ordinate system could be based and
which was dependent upon internal struc-
tures of the posterior fossa. namely the
fastigium-floor of IVth ventricular plane.
for transverse sections. Based upon the
Stereotaxic Atlas of the Human Brainstem
and Cerebellar Nuclei that they had de-
scribed previously (New York: Raven Press
1978), the two-dimensional composite
transverse sections at 1 mm intervals, were
digitised using an X-Y co-ordinate plotting
microscope. The information was put on to
punched paper tape. Fixed reference
points, common to all sections, were
digitised to enable correct orientation of
one section to its adjacent section in the x

and y planes. Thirty-two of the sections
from the atlas containing the Vth nerve

complex were digitised. A computer pro-

gram was first written to generate a drawing

of a single transverse section. The x and y
co-ordinates of the outlines stored in the
computer enabled specific manipulations of
the data. One of these allowed reconstruc-
tion of the opposite hemibrainstem section.
Because each section was 1 mm apart it was
easy to obtain three-dimensional informa-
tion about the third, or z, co-ordinate.
Specific programs were next written to
reconstruct the traced transverse section
outlines and incorporate the trigeminal
nuclear complex. Two selectable modes of
operation were used. The first utilised
hidden line removal techniques, allowing
one structure to hide an overlying structure.
The second allowed overlapping structures
to be viewed through each other. With the
available data, rotation about the x, y or z
axes was possible and permitted any view of
the reconstructed specimen to be computer
generated. The utilisation of colour graphic
display facilities further helped to improve
the delineation of both the tract and various
nuclei. A further program produced recon-
structed structures as stereopairs and gave
true three-dimensional visualisation using
suitable spectacles. The authors reported
that the techniques allowed the computa-
tion and reconstruction of several trajectory
pathways thus optimising the safest elec-
trode pathway to reach any given target site.

IMMUNOHISTOLOGICAL DIAGNOSIS OF
CEREBRAL AND SPINAL TUMOURS USING
MONOCLONAL ANTIBODIES
HB Coakham, JA Garson, PM Allan, El
Harper, JT Kemshead, Betty Brownell
(Bristol and London)
Hybridoma technology permits production
of infinite supplies of pure antibody which
will bind to a single molecular target. The
quality of these antibodies makes them
ideal reagents for use in the immunohisto-
logical staining of tissue sections. The
authors studied the diagnostic potential of a

panel of monoclonal antibodies when
tested by immunofluorescence or immuno-
peroxidase on frozen sections of cerebral
and spinal tumours. Fresh tumour samples
were frozen in liquid nitrogen and stored at
-70°C. prior to testing. 6 [t cryostat
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sections were mounted on gelatin coated
slides. The immunofluorescence and
immunoperoxidase staining procedures in-
volved standard techniques. The six anti-
bodies described were markers for different
tissues or tissue components, for example,
UK13A for neuroectoderm, UK1814 and
UK127-11 for cells of neuronal lineage,
FD19 for astrocyte cells, LE61 for epithelial
cytokeratin and 2D1 for leucocytes. The
overall reactivity pattern of the markers had
been derived from testing 120 CNS tumours
and is shown in the table. Certain antibodies
served as individual diagnostic markers for
a given type of brain tumour, for example,
LE61 reliably identified carcinoma meta-
stases and choroid plexus tumours, 2D1

detected brain lymphomas, and 181-4
stained medulloblastomas. Other anti-
bodies gave more general information, such
as germ layer origin. This immunohisto-
logical identification was based on
molecular identity rather than pure mor-
phology so that diagnosis was still possible
in instances where morphological clues
were missing, for example, in "featureless"
round cell tumours or when biopsy material
was scanty or deformed. In approximately
10% of tumours examined at Frenchay
Hospital, immunohistology proved diag-
nostically valuable. The technique was
rapid and could, if necessary be used for
intraoperative diagnosis. It was stated that
the identification of monoclonal antibodies
which bind to tumour associated antigens in
frozen sections was a critical stage in the
development of agents which could be
radiolabelled and used in vivo for specific
tumour localisation and, possibly, for
therapy.

PROGESTERONE RECEPTORS IN
MENINGIOMAS
KS Paul, Elisabeth Hayward, Diana M
Barnes, Helen L Whitwell, J Dutton (Man-
chester)
The increased frequency of meningiomas in
women compared with men is well recog-

nised, so too is the rapid progression that
may occur in pregnancy. The purpose of this
study was to seek a basis for hormonal

Table
Monoclonal antibodies FDl9 UJ13A UJ127-11 UJ181-4 LE61 2DI

Glioma + + _ _ _ _
Ependymoma + +
Medulloblastoma + + + +
Neuroblastoma - + + +
Choroid plexus tumour - - - - +
Meningioma - + - - - -
Metastatic carcinoma - - - - +
Brain lymphoma - - - - - +
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influences by examining meningioma tissue
for the presence of oestrogen and pro-
gesterone receptors and then to correlate
the results with clinical and histological
findings. Tissue samples of twenty tumours
were obtained at operation and divided into
two parts, one for histological examination,
the other for receptor studies. The latter
were carried out using a six-point dextran
coated assay procedure. The results were
calculated according to the method of
Scatchard. Female patients outnumbered
males in a ratio of 2:1, their ages ranged
from 12-75 years. The duration of symp-

toms prior to surgery ranged from 3 months
to 5 years. Each patient was diagnosed
either by CT or angiography as having a

meningioma prior to operation. Total surgi-
cal removal was carried out in eighteen
patients. Histology showed that twelve
tumours belonged to the meningothelial or

transitional group, four the fibroblastic
group, one was angiomatous and three were
angioblastic (haemangiopericytic variant).
Oestrogen receptors were not detected in
any of the tumours; by contrast,
progesterone receptors were detected in
sixteen out of twenty tumours. The levels of
progesterone ranged from 16 to 315 fmol/
mg cytosol. The angiomatous and
angioblastic meningiomas were negative.
The authors could not correlate age, sex or

site with the presence of progesterone
receptors and they were present in both pre-
and post-menopausal women. The negative
results in the angiomatous and angioblastic
meningiomas were discussed. An explana-
tion in the former may have been the
tumour's relatively acellularity. The reason
in the latter group may have been their
higher cell turnover or because of their
possible origin from pericytes. In those
tumours where total surgical removal was
not possible, it was felt hormone therapy
might become helpful.

RISK OF EPILEPSY AFTER HEAD INJURY AND

INTRACRANIAL SURGERY
IMPLICATIONS FOR DRIVING

B Jennett, P Ward, L Murray (Glasgow)
The risk that epilepsy may occur after head
injury or intracranial surgery constitutes a

prospective disability that drivers in the UK
have a statutory duty to report. The authors
reviewed evidence, derived from several
sources, about the level of risk associated
with various conditions and different
methods of operation. A previous study of
epilepsy after intracranial surgery for non-

traumatic conditions had shown that, with
no pre-operative fits, the epilepsy incidence
was 13% after burr hole, and 19% after

craniotomy; the rate was much higher when
there had already been a fit. The authors
noted that the commonest condition coming
to craniotomy without previous epilepsy
was now a ruptured aneurysm and con-
sidered that the uncertainty about the risk
of epilepsy in this circumstance resulted
from the confusing nature of some previous
reports. One hundred and sixty-one
patients who underwent craniotomy for
aneurysm in Glasgow had been followed for
at least a year, and post-operative epilepsy
recorded in 20% (similar to Foy's figure).
The features that were associated with an
increased risk of post-operative epilepsy
were: a fit at the time of subarachnoid
haemorrhage or between then and the
operation; a pre-operative intracranial
haematoma; rupture of the aneurysm dur-
ing surgery; and post-operative neuro-
logical deficit. When these four features
were combined it transpired that the risk of
epilepsy depended only on pre-operative
epilepsy and post-operative deficit-rang-
ing from 5% when neither occurred to 67%
when both did. Whether or not the operat-
ing microscope was used, or brain was
resected to gain access to the aneurysm, did
not affect the post-operative epilepsy rate;
neither did the sex of the patient, nor the
site of the aneurysm. The authors had
calculated that the epilepsy risks associated
with craniotomy, burr hole and certain
types of head injury were several hundred
times higher than the natural risk of epi-
lepsy for adults of working age. British
neurosurgeons have indicated concern

about driving when the risks are as high as
this; there may also be some risk of
recurrence of the primary condition-in
particular of subarachnoid haemorrhage-
if surgery has been incomplete. These
factors are of particular importance for
vocational drivers, who seek permission to
drive heavy good or public service vehicles.
Unfortunately, recent reports show little
reduction in the incidence of epilepsy when
prophylactic 'phenytoin is assiduously ad-
ministered. The authors' opinion was that
neurosurgeons were, for the moment,
therefore bound to caution patients about
the risk of epilepsy after head injury or
intracranial surgery.

THE INCIDENCE AND POSSIBLE PROPHYLAXIS
OF POST-TRAUMATIC EPILEPSY
P Harris, RM Kalbag, JK McQueen, DHR
Blackwood, AL Johnson (Edinburgh, New-
castle and Cambridge)
The aim was to study the incidence of post-
traumatic epilepsy in patients aged between
5 and 65 years who had suffered a serious

non-missile head injury and who were
considered to be at high risk of developing
late epilepsy (one week or more following
the injury). Their aim was to discover if
phenytoin could prevent the development
of this complication. Five admission criteria
were considered and were chosen because
of many reports on the pathogenesis of post-
traumatic epilepsy. Fifty-four percent of the
patients included in the study satisfied at
least two criteria. A prospective random-
ised double-blind study of 164 patients was
carried out, using a single anti-epileptic
drug, phenytoin, throughout, and en-
deavouring to obtain therapeutic serum
levels of 40-80 smol/l. Drug compliance
was a practical problem. Patients were
retained on the drug or the placebo for one
year, and were followed up for a further
year. Seven patients died during the study.
Only eleven patients, six in the phenytoin
group and five in the placebo group de-
veloped epilepsy within one year, and four
more patients between I and 2 years after
the head injury. Acturial percentages of
patients seizure free at selected intervals
during follow-up were calculated. The
authors concluded that the incidence of late
post-traumatic epilepsy was low, 7% at one
year, and 10% at two years, in patients
considered to be at "high risk". There was
no evidence that phenytoin could modify
the development of post-traumatic epi-
lepsy, but in view of the low incidence of this
complication in patients with a severe head
injury, even if excellent patient drug com-
pliance could be achieved, a clinical trial of
prophylaxis would need to include some
1200 patients in order to settle the issue.
This would of necessity involve a multi-
centre study, and would be likely to be
impractical.

MISSILE WOUNDS TO THE HEAD
RA Johnston, J Gray, DS Gordon (Belfast)
This report described the clinical presenta-
tion and early management of 10() patients
treated for a missile wound to the head
between 1975 and 1982 and it discussed the
problems associated with injuries caused by
Plastic Baton Rounds (PBR). The aim was
to make recommendations about optimum
management. Fifty-two injuries were
caused by bullets, twenty-one by explosion
fragments and twenty-seven by PBR. The
proportion of bullet to fragment wounds
differed from previously reported civilian
and wartime series. The overall mortality
rate was 29%, when patients who remained
moribund after resuscitation was excluded.
The high mortality in the latter emphasised
that transfer of patients from outlying

104

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.47.1.102 on 1 January 1984. D
ow

nloaded from
 

http://jnnp.bmj.com/


Proceedings ofthe Society of British Neurological Surgeons

hospitals should be carried out only after
full resuscitation, and with an anaesthetist
accompanying the patient. Tangential
wounds and wounds in which the missile
entered the face before penetrating the
skull carried a lower mortality rate than
wounds which penetrated the skull directly.
The missile tract inside the head was also
important. There was a 62% mortality rate
if there was a transverse or diagonal track as

compared with 27% in patients with a
longitudinal track. Mortality was also
linked to level of consciousness, pupillary
reaction and to blood pressure on admission
(table). At operation all bone fragments

Table
BPgroup n Deaths Mean BP
mm Hg (%)
Hypotensive
Mean BP <80 25 15 (60) 64
Normotensive
Mean BP 80-110 32 7 (22) 95
Hypertensive
Mean BP >110 16 10 (68) 117

were removed and the dura was closed. The
PBR caused a type of head injury that was

not seen with any other missile. Although
the scalp nearly always remained intact,
there could be considerable focal damage to
bone and brain; in some cases diffuse brain
damage occurred. Cranial PBR injuries,
like metallic missile injuries, were associ-
ated with a labile clinical state: sudden and
fatal deterioration could occur in these
patients, often as the result of vomiting or
seizure. The authors therefore recom-

mended that, although the amount of
energy transmitted to the brain in these
patients was small compared with a bullet,
they should be managed in the same way as

metallic missile injuries. This meant im-
mediate intubation and ventilation followed
by operation and intensive post-operative
care.

ABSOLUTE AND RELATIVE RISKS OF
TRAUMATIC INTRACRANIAL HAEMATOMA IN
ADULTS
AD Mendelow, G Teasdale, J Bryden, C
Hessett, G Murray, B Jennett (Glasgow)
Delay in the evacuation of traumatic
extradural and intradural haematomas re-

sults in increased morbidity and mortality.
The purpose of this study had been to
calculate the absolute risk that a patient
with a specific set of clinical features in the
accident and emergency department or the
primary surgical ward will develop a surgi-
cally significant intracranial haematoma.
The study concerned adult patients of 15
years or older. Two simple features had
been used; they were: (1) A skull fracture
detected radiologically and, (2) any distur-
bance of consciousness (disorientation or
worse). Surveys of patients in the accident
and emergency department or in the pri-
mary surgical ward and who had undergone
operation for a haematoma had yielded
data about the frequency of the two features
and about the total numbers in the area
served by the Glasgow neurosurgical unit.
The risk that a significant intracranial
haematoma would develop was calculated
by comparing frequency of the two features
in the different populations (table). The
authors considered that their findings were
greatly strengthened by the similarities
between accident and emergency depart-
ment and primary surgical ward figures for
three high risk groups, even though the data
had been obtained from different sources.
They also had estimated the numbers of
each kind of patient who each year would
pass through the accident and emergency
departments and primary surgery wards
serving a population of 1 million people.
Just under two hundred patients would have
a skull fracture, and of these a half would
not be fully orientated; two thirds of all
patients with a haematoma came from the
latter group. The authors presented policies
for head injury management, based on their

Table Frequency offeatures forpopulations ofpatients in accident and emergency
department (AIE), primary surgical ward (PSW) and with significant intracranial
haematomas (% and risks have been rounded to whole numbers and to 2 significant
figures)
Patients' % freq in % freq Abs risk % freq Abs risk
featiures pts with in pts in AIE in pts in PSW

haematoma in AIE in PSW
No skull fracture

Orientated 5% 92% 1:6000 72% 1:910
Not orientated 19% 6% 1: 120 20% 1: 70

Skull fracture
Orientated 10% 1% 1: 32 4% 1: 29
Not orientated 66% 1% 1: 4 4% 1: 4

Total population in
West of Scotland
over 7 years 545 189 432 36 637
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data. They suggested that a patient at high
risk should be referred urgently for CT
scanning, in order to detect and evacuate as
many haematomas as possible before the
patient deteriorated and developed irre-
versible cerebral compression. Extra neuro-
surgical facilities for head injuries might be
provided by the savings that could result
from reducing the number of patients in the
low risk group who were admitted for
observation.

CARDIAC COMPLICATIONS OF SEVERE BLUNT
HEAD INJURY
A SYMPATHETIC DEATH?
AJ Kellerman, AA McLeod, PR Richard-
son, G Neil-Dwyer (London)
Characteristic electrocardiogram (ECG)
changes and myocardial damage are well
recognised to follow subarachnoid haemor-
rhage. The similarities between the focal
myonecrosis found in patients dying either
from pheochromocytoma or after sub-
arachnoid haemorrhage have led workers to
believe that over-active adrenergic mech-
anisms are to blame. The aim of this study
was to assess the degree of sympathetic
drive and the risk to the myocardium
following severe blunt head injury. There
were 15 patients in the study. Their ages
ranged from 4 to 60 years with a mean age of
23 years. They were selected for study on
the basis of having suffered only a severe
blunt head injury, that is without significant
multiple injury. Each patient had a score of
less than 6 points on the Glasgow Coma
Scale at 4 hours or less after injury, and was
studied intensively for 72 hours whilst being
ventilated. The absence of an intracranial
haematoma was ascertained by EMI scan.
Intracranial pressure, 72 hour continuous
ECG recording, cerebral blood flow (nine
patients), twice daily plasma adrenaline and
noradrenaline and twice daily measurement
of creatinine kinase isoenzymes were made.
Four patients died and two remained in a
vegetative state. The remainder made ac-
ceptable recoveries. Intracranial pressure
was mildly elevated in the group but
severely elevated in two patients. Cerebral
blood flow remained low but tended to
approach normal values at the end of the 72
hours. Plasma levels of noradrenaline and
adrenaline were all elevated, some to levels
well in excess of those found in active
pheochromocytoma. Heart type creatinine
kinase was found in high quantities. The 72
hours ECG tapes revealed very abnormal
patterns of rate and rhythm; some showed
sustained tachycardia of 150 beats per
minute or more. Six patients showed signs
of severe myocardial ischaemia as indexed
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by S-T segment depression of more than 3
mm below the iso-electric line, and three of
these patients died from ventricular ar-
rhythmias. Post-mortem examination of
their hearts revealed focal myonecrosis.
The myocardium is clearly at risk from this
sort of injury and the authors raised the
question as to whether selective beta block-
ade might protect the heart from the high
levels of circulating endogenous pressor
amines.

THIE IMMEDIATE EFFECTS OF CERVICAL AND
UPPER DORSAL LAMINECTOMY AND
FACETECTOMY
CE Polkey (London)
The immediate risks of laminectomy and
facetectomy in the cervical and upper dorsal
region are not well documented. In view of
the increasing litigation in this area, the
author had considered it helpful to study a
population of patients undergoing proce-
dures after referral to a neurosurgeon; he
made the point that such a population might
have an incidence of pre-operative neuro-
logical deficit that differed from that in
patients who presented to other surgeons.
He had conducted a retrospective study of
275 patients undergoing a laminectomy or
facetectomy between Cl and D3 from 1951
to 1981; patients with secondary carcinoma
or children aged 3 years or less were
excluded. Only 12 operations were only a
facetectomy. Sixty-seven per cent of
patients were over 50 years of age, and most
had cervical spondylosis (63%). Other diag-
noses were a benign tumour (54), an
intrinsic cord tumour (5%), rhizotomy or
cordotomy (5%) and a remaining miscella-
neous group (I I%4). The majority of the
operations were centred around C6/7
(59(4). Before operation most patients had
a neurological deficit, classified as major in
61 %, minor in 31 %, only 8% had no deficit.
Only 5 (1-9%) patients died in the immedi-
ate post-operative period and only 2 (l-1 %)
of the 174 patients with cervical spondylosis
died. Non-neurological complications
afflicted 14 patients (5%), and 8% exper-
ienced a transient, reversible deterioration.
A major permanent deterioration after

Proceedings ofthe Society of British Neurological Surgeons
operation was rare (2%), but there was a
large group of patients in whom there was
no improvement (42%) (table). The results
of the review provided a guide to
neurosurgeons when discussing with a
patient the risks of an operation. Except in
patients with intrinsic cord tumours, the risk
of a major deterioration as a consequence of
surgical intervention is low but the only
group in whom the majority of patients
improved were those with a benign tumour.

FORAMEN MAGNUM COMPRESSION IN A
FAMILY WITH OSTEOGENESIS IMPERFECTA
JL Pozo, A Crockard, AO Ransford (Lon-
don)
Basilar impression is an uncommon but
serious complication of osteogenesis im-
perfecta. Three patients, all members of the
same family, with advanced basilar im-
pression complicating osteogenesis imper-
fecta of the mild type were presented. The
clinical characteristics related to osteo-
genesis imperfecta in this family included:
(a) light blue sclera; (b) a Tam-o-Shanter
skull with occiptal wormian bones; (c)
dentinogenesis imperfecta; (d) short stature
and (e) a fracture profile affecting mainly
the lower limbs. Most of the fractures
occurred in adolescence. The younger
brother, aged 23 years, had advanced
basilar impression with early dilatation of
the third ventricle. His elder brother, aged
26 years, had presented with a foramen
magnum compression syndrome and had
undergone a posterior cranial fossa decom-
pression with complete laminectomy of Cl
and C2. Post-operative central respiratory
depression and persistent ventricular dilata-
tion responded to ventriculo-peritoneal
shunting, but clinical improvement lasted
only one year. A massive occipito-cervical
fusion had then been performed, and was
successful in arresting further neurological
deterioration. Their mother, who also suf-
fered from multiple neurological problems
associated with foramen magnum compres-
sion, died at the age of 43 years from acute
medullary compression. The clinical pat-
tern illustrated the natural history of the
disease. This ranges from symptomatic

Table Persisting chantge in neurologicalfuncuion
Major Minor No Improved
increase inicrease chatige

Cervicall spondylosis 3 13 76 77
(I *8%/, ) (7-71/) (45'%c) (45-55%)

Benign tumour I2 9 31
(4 8%,/c) (21-4%I- ) (73-68r)

All caIses 5 24 110 122
(19/) (9 2%Ir/) (42 1%1c) (46-7%)

ventricular dilatation through the foramen
magnum compression syndrome to death
from brain-stem compression. The pattern
of inheritance in this family appeared to be
that of autosomal dominant inherited dis-
order. It was speculated that differences in
collagen biochemistry and collagen DNA in
the different types of osteogenesis im-
perfecta might underlie the low incidence of
basilar impression and the restriction of this
complication to patients with mild forms of
osteogenesis imperfecta. The authors
recommended that all the members of the
family of a patient with osteogenesis
imperfecta and basilar impression should be
investigated in order to anticipate severe
neurological complications. Early decom-
pression could result in full recovery.

SACRAL SPARING IN CASES OF CAUDA
EQUINA COMPRESSION FROM CENTRAL
LUMBAR DISC PROLAPSE
DJ Lafuente, J Andrew, A Joy (London)
Sacral sparing is a well-recognised physical
sign in cases of spinal cord compression;
lamination of the dermatomes in the sen-
sory pathways is the usual explanation. The
authors had observed that the same pheno-
menon could occur in cauda quina com-
pression from a central lumbar disc
prolapse, but had found scant mention of
this event, except in the French literature.
They first observed it in a 50-year-old man
with severe motor, sensory and reflex loss
from L3 to L5, but in whom the saddle
sensation and sphincter function were pre-
served. The records of 14 patients with
central lumbar disc prolapse, myelo-
graphically confirmed, and with cauda
equina compression were reviewed. Three
patients had L2-3 and three L3-4 compres-
sion, two at each level showed sacral
sparing. Of five patients with L4-5 disc
prolapse, four had sacral sparing, but of
three at the L5-S1 level, none had sacral
sparing. To find a possible explanation they
had performed laminectomies from D9 to
the sacral cul-de-sac on four cadavers posi-
tioned so as to obliterate the lumbar
lordosis. The dura was opened. On one
side, the distance was measured from the
attachment to the cord of each root in the
cauda equina to a point on the dura behind
each of the lower four discs, and from the
same point to the entrance of the same
nerve root into its dural sheath. An artificial
disc prolapse of bone wax, to a height of 7-8
mm was placed between the disc and dura.
The nerve roots were again measured from
the same point on the dura to their cord
attachment above and to their dural sheaths
below. It was thought that greater tension
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on the more laterally placed roots within the
theca could explain the sacral sparing. The
increase of tension could be estimated by
calculating the linear strain of each
stretched nerve. This was obtained by
dividing the increase in length of a nerve by
its unstretched length. Stress is constant
unless the elasticity of the stretched linear
strain or tension material is overcome
(Young's modulus). Thus the relative ten-
sion in each nerve may be known. The
linear strain of the nerves above the disc was
not very dissimilar. Below the protrusion,
the amount of strain became very much
higher for the more laterally-placed lumbar
roots and was greater the lower the level of
the protrusion. The authors proposed that
this phenomenon explained the absence of
sacral sparing when the cauda equina com-

pression was at the L5-S1 level.

THE COVENTRY CERVICAL SPREADER AND

DOWEL INSERTER
WJ Whatmore, P O'Neill (Coventry)
The authors had developed a new instru-
mentation and method to reduce post-
operative complications in the operation of
anterior cervical decompression and fusion.
They had done so because their view was

that damage to the dowel at the time of its
impaction in the interbody decompression
was responsible for subsequent dowel soft-
ening and absorption, dowel protrusion,
non-unions, and vertebral angulation. The
new instrument was reported to prevent
damage to the dowel by ensuring accurate
and safe cervical spreading, dowel align-
ment, insertion and placement. The main
new instrument was utilised as a drill guard,
but also spread the vertebra in an even and
controlled manner. The dowel inserter
ensured ideal alignment and insertion, and
allowed exact placement of the dowel at the
depth required. In the use of the device the
standard Cloward technique was employed
to the point of removal of the relevant
intervertebral disc, and the spreader then
used as a guard for the whole of the drilling
procedure. The dowel was mounted on the
inserter and threaded through the bore of
the spreader. The intended depth of place-
ment was the measured adjustable dowel
protrusion beyond the spreader end-plate.
The cervical spreader was then replaced in
the vertebra and spread by positioning the
longitudinal rods. The dowel was re-

mounted on the pre-set inserter and passed
down the spreader to be positioned in the
intervertebral decompression. The spread-
ing effect was then reversed, and the

instrument removed, leaving the dowel in
its final position. The new method had been
used in 52 anterior cervical decompressions
and fusions in 40 patients. Kiel bone dowels
of 14 mm diameter had been used in most
cases. In terms of safety, accuracy, security
and speed, the method was found to be an

improvement on the old technique. There
had been no severe post-operative compli-
cations, and with perfection of the tech-
nique the last 30 dowels have been precisely
placed. The authors were continuing a

detailed prospective study utilising dowels
of different types and sizes.

CEREBRAL ARTERIAL CHANGES FOLLOWING
EXPERIMENTAL SUBARACHNOID
HAEMORRHAGE: CORRELATION BETWEEN
ULTRASTRUCTURE, RADIOLOGY,
PROSTACYCLIN SYNTHESIS, PLATELET
DEPOSITION AND CEREBROVASCULAR
REACTIVITY
JD Pickard (Southampton)
Delayed cerebral ischaemia following sub-
arachnoid haemorrhage may be related to
impairment of cerebrovascular reactivity.
The author reviewed several studies that
had sought to discover if the basis for the
changed reactivity was a functional dis-
order, or was a reflection of morphological
changes in the arterial wall. The latter are

known to be present when death occurs at
least three weeks after subarachnoid
haemorrhage. In experimental subarach-
noid haemorrhage produced either in,
baboons or in dogs the vessels were exam-

ined one week later. The conclusions were:

(1) there were not any structural changes
(sought using both scanning and trans-
mission EM), in the cerebral arteries taken
either from sites of radiologically demon-
strated "vasospasm" or from elsewhere; (2)
subarachnoid haemorrhage did not enhance
intracerebral platelet deposition, as mea-

sured by a modification of the Indium -

platelet labelling technique; (3) the CSF
level of the prostaglandin principally
synthesised by endothelium (prostacyclin
measured as 6 KF a) was increased x3-10
following subaraAinoid haemorrhage in
both man and dog but cerebral arterial
synthesis in vitro of this metabolite was

depressed; the in vitro centractile responses

of cerebral arterial muscle to serotonin and
noradrenaline was potentiated but the re-

sponses to depolarisation, pH change and
sodium-loading were depressed. It was

concluded that, at one week after experi-
mental subarachnoid haemorrhage, there

.107

was evidence both in vivo and in vitro of
altered cerebrovascular reactivity but no
evidence of morphological change nor of
significant endothelial dysfunction.
Reference
J Neurol Neurosurg Psychiatry 1979;
42:899-903.

SOMATOSENSORY EVOKED RESPONSES
RECORDING DURING INTRACRANIAL
ANEURYSM SURGERY
L Symon, A Wang, I de Silva (London)
Cerebral ischaemia interferes with electri-
cal function of the brain before it produces
permanent damage. The purpose of the
report was to assess the value of monitoring
brain function by recording somatosensory
evoked potentials (SSEPs) following
median nerve stimulation during operations
on aneurysms. SSEPs have been recorded
and central conduction time (CCT) (N14-
N20 interval) observed in 42 operations, 35
following subarachnoid haemorrhage and
seven for giant aneurysm. CCT prolonga-
tion could occur in relation to increasing
halothane concentration and as a response
to brain retraction. The application of an
aneurysm clip to 15 aneurysms in 14 patients
prolonged CCT from 0 4 to 3 ms (p < 0.05).
Temporary clips were applied to the termi-
nal carotid artery in five patients, to the
middle cerebral artery in seven, and to one
or both proximal anterior cerebral arteries
in five, and a triple clip to the carotid above
and below a posterior communicating
artery aneurysm with an associated clip to
the posterior communicating artery in one
patient. In 17 cases CCT was prolonged
within 3 minutes and in the case of triple
occlusion the N20 peak disappeared and
reappeared after restoration of the blood
supply. Prolongation of CCT up to 10 ms or
disappearance of the N20 was associated
with postoperative neurological deficit al-
though in both such cases the symptoms
resolved in some weeks. In a further case
inadvertent occlusion of an opercular mid-
dle cerebral branch was correctly notified
by the prolongation of CCT and re-applica-
tion of the clip returned CCT to pre-clip
level without postoperative deficit. It was
concluded that SSEPs could be used to
monitor cerebral function during oper-
ations especially on the terminal carotid or
middle cerebral artery. In one case mutism
and partial akinesia had followed a difficult
dissection of the anterior cerebral arteries
without any effect on CCT; this indicated
the limitation of a median neve response as
a guide to function outside the field of the
middle cerebral artery.
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NUCLEAR MAGNETIC RESONANCE (NMR)
IMAGING AND SPECTROSCOPY IN
EXPERIMENTAL BRAIN EDEMA
HM Bartkowski, J Bederson, M Nishimura,
L Pitts, M Brant-Zawadzki, K Moon (Cali-
fornia)
Nuclear magnetic resonance spectroscopy
has been utilised in biological sciences for
almost 40 years, and NMR technology is
now being used to obtain body images. The
authors pointed out that much was un-
known about the physiological factors
which influence the appearance of NMR
images and longitudinal (Ti) and transverse
(T2) relaxation times. They had investi-
gated these factors in experimental brain
oedema by using in vitro NMR spectro-
scopy. microgravimetry and wet/dry
weights, histology, cerebral blood volume
(CBV) determination, and phospholipid
assays. They had studied the consequences
of cold lesion, fluid percussion impact
injury, abscess, tumour or hypoxic-
ischaemic brain insult in young adult
Sprague Dawley rats. Comparative analy-
ses were carried out to ascertain the
existence, if any, of correlations among the
variables examined. All groups studied had
prolonged TI and T2 values of the
ipsilateral hemisphere compared to control.
All experimental groups also demonstrated
significant increases in brain water content
in the affected hemisphere compared to the
control group. Water contents were not
increased in the contralateral hemispheres.
The cerebral blood volume studies revealed
a 4-14% decrease in the affected hemi-
sphere compared to control in the groups
studied (cold lesion, impact injury, hypoxic-
ischaemia). Comparing percentage change
in TI with brain water content, Ti pro-
longation was associated with increases in
brain water content, but the relationship
was not linear. A similar relationship
between T2 and brain water content was
discovered. In contrast, when Ti prolonga-
tion was compared with CBV diminution, a
linear relationship was observed. A similar,
but non-linear relationship existed with T2
prolongation and CBV diminution. The
contralateral hemispheres did not show
changes in water content, CBV, or TI;
however, in the cold lesion and fluid
percussion groups there was significant
prolongation of T2. Phospholipid phos-
phorus values were significantly decreased
from control values in the groups studied
(cold lesion, fluid percussion). It was con-
cluded that although prolongation ofTi and
T2 were associated with increases in brain
water content, the relationship was not
linear so that quantification of brain

Proceedings ofthe Society of British Neurological Surgeons

oedema was not possible solely on the basis
of Ti and T2 prolongation. The other
factors likely to be involved included
changes in CBV, changes in the molecular
environment of water proteons, that is,
bound versus free water, and alterations in
protein, phospholipids and the occurrence
of brain necrosis or haemorrhage.

THE EFFECTS OF HYDROCEPHALUS UPON THE

BRAIN IN MAN AND EXPERIMENTAL ANIMALS

RO Weller (Southampton)
Hydrocephalus may be due to a variety of
pathological lesions most of which cause
obstruction to cerebrospinal fluid flow. The
aim of the study was to examine the brain
damage which occurs around the dilated
ventricles in hydrocephalus and to char-
acterise the tissue reactions in ventriculitis
produced by the introduction of pathogenic
bacteria into hydrocephalic ventricles.
Biopsies of hydrocephalic brain tissue were
obtained from a total of 12 hydrocephalic
children and examined by light and trans-
mission electron microscopy. In the acute
stages of hydrocephalus there was cerebro-
spinal fluid oedema of the periventricular
tissue with disruption of the ependyma and
evidence of axonal breakdown in the
periventricular white matter. Proliferation
of astrocytes and gliosis of the peri-
ventricular white matter was evident in
more chronic cases of hydrocephalus.
Ventriculitis was studied in the hydro-
cephalic mouse by injecting Staphylococcus
albus into the dilated lateral ventricles. The
response of the ependyma to the presence
of bacteria within the ventricles, and the
origin of the inflammatory cells migrating
into the ventricle were studied by scanning
and transmission electron microscopy.
Clumps of cocci were observed on the
surface of the stretched ependymal lining of
the ventricle but had little direct effect upon
the ependymal cells. Polymorphonuclear
leucocytes entered the ventricles from the
choroid plexus and from vessels in the
periventricular white and grey matter. In-
flammatory cells migrated through the
ependymal lining and ingested cocci lay on
the ependymal surface. This study sug-
gested that Staphylococcus albus has little
direct effect upon the ependymal cells and
that there is a brisk inflammatory response
in the early stages of ventriculitis with cells
migrating into the ventricle from both the
choroid plexus and the sub-ependymal
blood vessels.

OPEN EVACUATION OF PUS: A SATISFACTORY
SURGICAL APPROACH TO THE PROBLEM OF
BRAIN ABSCESS?
RS Maurice-Williams (London)
The surgical treatment of brain abscess
remains controversial with both primary
excision and repeated aspirations having
their advocates. The author described a
technique that he termed "open evacuation
of pus", which he considered to combine
the advantages of the two approaches while
avoiding their disadvantages. In the
author's technique the brain over the ab-
scess is widely exposed by an osteoplastic
flap or posterior fossa craniectomy. The
capsule is widely incised, all pus is removed
under direct vision from the main chamber
and from any daughter loculi, and the
empty capsule is washed out with antibiotic
solution. The capsule is left in place, and the
wound closed in the usual fashion without
drainage, each layer of the closure being
irrigated with topical antibiotics. Antibiot-
ics in high dosage are given for 2 weeks after
operation. Sixteen of 18 consecutive cases
of brain abscess were treated by this
method. None of the patients had died and
only two were left with any residual neuro-
l1gical deficit attributable to the abscess.
There were no instances of wound infec-
tion, meningitis or cerebritis. Eleven
patients made rapid recoveries after a single
operation. Five patients underwent second
operations. In two cases there had been a
failure to evacuate a subsidiary loculus at
the first operation and in two cases a
negative re-exploration was carried out
because of a persisting ring-enhancing
shadow on the CT scan. In only one case
was there re-formation of pus after an
adequate primary clearance. Four of the 14
supratentorial abscesses had experienced
one or more epileptic fits during a follow-up
of up to 4 years. The author believed that
the advantage of this technique was the
removal of sepsis, and of mass effect at a
single operation, with minimal risk of
inflicting damage to the brain, and that this
led to rapid recovery and avoidance of
meningitis. There had not been special risk
of epilepsy nor of late recurrence of infec-
tion. He advocated the method as the most
satisfactory surgical approach to most cases
of brain abscess, with the exception of some
patients whose abscesses were multiple or
deeply situated.

OUTCOME AFTER SUBDURAL EMPYEMA
Bernard Williams, Richard Cowie (West
Midlands)
Acute subdural empyema is thought to
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carry a poor prognosis in the short term and
a high risk of disability in late survivors. The
purpose of the study was to determine if
there was a basis for this assumption. in
particular in the risk of late epilepsy. Out of
a total series of 90 patients. 24 had died: 50
of the survivors had been traced for ade-
quate assessment. Only two patients had a

severe intellectual deficit, two others had
dysphasia. nine had a mild hemiparesis
which did not prevent mobility and one

patient had persistent ophthalmoplegia.
Early epilepsy was found in 56 of the 90
cases (two thirds) but did not correlate with
survival or with late epilepsy. Sixteen of the
50 (one third) adequately followed cases

had late epilepsy; this was severe and
intractable in only one patient. In all but
three patients. the onset of late epilepsy was
less than two years after the illness. Late
epilepsy correlated with youth and was

commoner when there had been an asso-

ciated intracerebral abscess. Craniotomy as
opposed to burr holes did not give an

improved result in terms of late epilepsy
although craniotomy may have enabled
more severe cases to have survived. The
authors suggested that, because only one

third of survivors had persisting epilepsy
and because most of these are young.
prophylactic anticonvulsants should be dis-
continued in order to assess the early
outlook for each patient. They considered
this to be preferable to keeping a patient on
drugs because it may not be proved until a

later date, after they had been dis-
continued. whether or not these were

necessary.

Reference
Cowie R, Williams B. Late seizures and

morbidity after subdural empyema. J
Neurosurg 1983;58:569-73.
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Other papers presented at this meeting
were:

CHRONIC ELECTRICAL STIMULATION OF THE
CEREBELLUM IN THE TREATMENT OF
EPILEPSY-A CONTROLLED TRIAL
J Bryce, DL McLaren, CDS Wright
(Southampton)
PERIPHERAL BLOOD T-LYMPHOCYTE SUBSETS
IN PATIENTS WITH INTRINSIC BRAIN

TUMOURS
R Cowie, D Hitchcock (Birmingham)
BRAIN TYPE CREATINE KINASE AND
CEREBRAL INJURY
JP Phillips (Dublin)
INDICATIONS FOR A NEUROSURGICAL
INTERVENTION IN PATIENTS WITH
SYMPTOMATIC SPINAL METASTASES
RG Perrin (Toronto)
CLINICAL DATA CORRELATIONS IN

HYDROCEPHALUS
J Brocklehurst, G Drurie (Hull)
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