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COMA SCALING AND SCORING: USES AND been recruited since 1981 who had not had
LIMITATIONS any seizures pre-operatively and who had
Teasdale GM (Glasgow) been followed up for a mean time of 31

months, with a minimum follow up of 24
The author reviewed the development and months in survivors. No therapy proved
application of the Glasgow Coma Scale effective in preventing or changing the
which was first presented to the Society in natural history of post-operative seizures
1974 and was aimed at achieving a simple and 11% of those in the active treatment
standardised approach suitable for a wide groups experienced acute drug reactions.
range of circumstances. The scoring system
derived from the scale-Glasgow Coma References
Score-was found to be of value mainly for
summarising data of groups of patients 1 Foy PM, Copeland GP, Shaw MDM. Acta
provided appropriate statistical circumspec- Neurochir 1981;55:253-64.
tion was used. Its use to determine risk of 2 Foy PM, Copeland GP, Shaw MDM. Actation wntracraaslu. I semtomaindetemineurik o Neurochir 1981 ;57:15-22.an itracranial haematoma in head injure 3 Shaw MDM, Foy PM, Chadwick DW. J
adults and children and prognosis after Neurol Neurosurg Psychiatry 1983;46:368.
head injury was illustrated with data from 4 Shaw MDM, Foy PM, Chadwick DW. Acta
the collaborative study between Glasgow, Neurochir 1983;69:253-8.
Edinburgh, Liverpool and Southampton.
Finally, the Glasgow Coma Score had been
successfully applied to the assessment of POST CRANIOTOMY HAEMATOMA RECURRENCE
patients with subarachnoid haemorrhage AMFER HEAD INJURY-AN AUDIT
and was the main component of the World Bullock R, Rehman S, Hannemann CO,
Federation of Neurosurgical Societies scale. Murray L, Teasdale GM (Glasgow)

Craniotomy re-opening is required in 8-
DO PROPHYLACTIC ANTICONVULSANT DRUGS 19% of patients who undergo removal of
ALTER THE PATTERN OF SEIZURES FOLLOWING post traumatic mass lesions, and a second
CRANIOTOMY? haematoma may mar recovery by causing
Foy PM, Chadwick DW, Johnson AL, ischaemic cerebral damage. Despite this,
Shaw MDM (Liverpool) factors responsible for post craniotomy

haematomas (PCH) are poorly understood.
Supratentorial craniotomy for non- 59 patients who underwent removal of a
traumatic conditions is associated with a PCH, over an 8 year period in Glasgow
17% overall incidence of seizures.' Ninety- were compared to 762 patients who did not
two percent of those having seizures develop a PCH, after removal of a
experienced the first fit within 2 years of traumatic mass. (table).
surgery.' Six high risk groups have been Results: The incidence of PCH was 7%. In
identified'2 and the relative ineffectiveness 75% of patients with PCH the initial
of anticonvulsant treatment in these high haematoma was intradural, but the second
risk groups during the first six postoperative haematoma was extradural in 69%,
months demonstrated.3' However, the suggesting that the potential space under-
original study used historical controls and lying a large craniotomy bone flap may be a
the present randomised study was expanded factor leading to the development of the
to include a control group in addition to PCH. In 39 patients, ICP monitoring was
those treated with either phenytoin or car- used after the first craniotomy, and in 22
bamazepine for 6 or 24 months. Two hun- (56%) an ICP rise prompted diagnosis of
dred and seventy six high risk patients had the PCH. In 14 patients, ICP failed to rise,
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despite clinical deterioration. PCHs were
diagnosed significantly earlier when ICP
monitoring was successful (21, SD 20 hours
delay) than when the diagnosis was clinical.
(51, SD 47 hours). Sixty-one percent of
PCH patients were severely disabled or
dead at follow up, in comparison to 45% of
those who underwent a single craniotomy.

CLINICAL COMPARISON OF SUBDURAL
PRESSURE MEASUREMENTS USING A CATHETER
TIPPED CAMINO TRANSDUCER WITH
VENTRICULAR PRESSURE MEASUREMENTS
Sinar EJ, Chambers IR, Mendelow AD,
Modha P (Newcastle)

Fluid filled ventricular catheters give the
most reliable recording of intracranial pres-
sure (ICP) but have disadvantages including
infection, haemorrhage and epilepsy. Sub-
dural pressure screws and fluid filled cath-
eters have proved inaccurate'2 but a new
catheter tipped transducer (Camino) has
been developed for measuring ICP from the
subdural space and the authors had com-
pared this new transducer with recordings
from a ventricular catheter in 10 head
injured patients. ICP was monitored for 4-7
to 77-7 hours. The correlation coefficient
between the two techniques ranged from
0-39 to 0-98, the gradient ranged between
0-41 to 1-06 and the intercept ranged from
-4 4 to 9 4. Overall the Camino pressure
was recorded as 5 5 mmHg lower than the
ventricular pressure with a mean correlation
coefficient of 0-95 and a gradient of 1-04.
Ninety-nine percent of readings were within
16 mmHg of each other. Camino trans-
ducers placed within the ventricle correlated
less well than a subdural transducer with
ventricular fluid pressure recorded through
a standard catheter.

References

I Mendelow AD, Rowan JO, Murray L, Kerr
AE. J Neurosurg 1983;57:45-50.
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Table I Age, sex, conscious level, mannitol administration and outcome in patients with and without a post-craniotomy haematoma

Outcomet

Mean Good Bad
age Mannitoll
(years) Sex Patients in Number* given before Mild/
(mean coma on with evidence first moderate Severe,
SD) M F admission ofalcohol operation GR disability disability Dead/ Veg

Post-craniotomy 47 (17) 45 14 40 (68%) 32 (54%) 31(52%) 17 6 12 24
haematoma n = 59 23 (39%) 36 (61%)

Nopostcraniotomy 41 636 126 411 + + 225+ (34%) 279(36%) 284 129 111 239
haematoman = 762 (61%) 413 (55%) 350 (45%)

+ No data for 85 cases. + + No data for 102 cases.
lp < 0 01- Chi squared test
tp < 001 - Chi squared test Comparison between those with and without post craniotomy haematomas.
*p < OOS- Chi squared test J

2 Miller JD, Bodo H, Kapp JP. Inaccurate pres- more rapidly if the rate of blood flow
sure readings from subarachnoid bolts. through it rises' but heat clearance as a
Neurosurgery 1986;19:253-5. method for assessing cerebral blood flow fell

into disrepute because of drift, sensitivity to

INTRASELLAR PRESSURE AND PITUITARY the proximity of large vessels and its inherent
TUMOURS: THM ORIGIN, invasiveness. The Flowtronics Thermal
COMPARTMENTALISATION AND CORRELATION Diffusion Monitor' proved in laboratory
WITH ENDOCRINOLOGY AND RADIOLOGY studies on cadaveric brain to be free of
Lees PD,* Fahlbusch R,t Zrinzo A,t significant drift and gave values close to
Lovick AHJ,* Pickard JD* (Southamp- "zero flow". The authors had used the
ton,* and Erlangen, West Germanyt) technique in patients perioperatively with

aneurysms, tumours and head injuries. With
The blood supply to the adenohypophysis is hypercapnia, there was a brisk increase in
portal venous and not arterial and hence recorded flow within 20 seconds. In a
adenohypophysial perfusion may be com- preliminary series, patients who developed
promised by intrasellar pressure (ISP) with ischaemic deficits postoperatively had blood
impairment of hypothalamic control of flows recorded of less than 20 ml/l00 gm/min
anterior pituitary function.' One hundred for periods from 3-30 minutes. The tech-
and eighteen patients undergoing trans- nique might play a useful role in the man-
phenoidal hypophysectomy of a pituitary agement ofunconscious acutely ill patients in
tumour were studied either at the Wessex the neurosurgical unit.
Neurological Centre (59) or at the
Neurosurgical Clinic of the University of References
Erlangen-Nurnberg (59). Intra-operative I Gibbs FA. A thermoelectric blood flow recor-
ISP was measured before bony decompres- der in the form of a needle. Proc Soc Expriot
sion of the pituitary fossa. Pulsatile Med 1933;31:141-6.
intrasellar pressure was recorded in 91% Of 2 Carter LP, Erspamer R, Bro W. Cortical blood
patients with a mean intrasellar pressure flow: thermal diffusion vs isotope clearance.
(108 patients) of 20, SEM I (range 3-51 Stroke 1981;12:513-8.
mmHg) and mean pulse pressure of 3 mm
Hg SEM I (range 1-12 mmHg). ISP
sometimes varied at different measuring OMENTAL TRANSPOSITION IN CHRONIC SPINAL
sites within the same patient ("compart- CORD INJURY
mentalisation"). G Neil-Dwyer (Southampton), H Goldsmith

(Boston), L Barsoun (London)
Referenee

The omentum has been used over the years
I Lees PD, Pickard JD. J Neurosurg 1987; for a variety of purposes. In the past it was

67:192-6. shown that placing the omentum on the
brain and spinal cord led to an extensive

CEREBRAL BLOOD FLOW BY THERMAL development of vascular connections at the
DIFFUSION-REVISITED omental/CNS interface. Recent publications
Choksey MJ, Crockard HA (London) have shown that placement of the omentum

on the injured spinal cord of cats can
Any perfused tissue conducts heat away produce an improvement in neuroelectrical

activity as well as an improvement of spinal
cord blood flow. The omentum contains
both an angiogenic factor, which is responsi-
ble for the neovascularization after applica-
tion of the omentum to the spinal cord, and a
variety of neuro-transmitters and gastric
polypeptides, which may play a part in
neuro-transmission. Four years ago five
tetraplegic and five paraplegic patients
entered a feasibility study to see if omental
transposition to their spinal cord might
result in clinical benefit. All the patients had
well defined cord lesions. The length of time
from their injury to operation was 2-15
years. All patients had little if any motor and
sensory function below the level of the cord
lesion. The operation required surgical leng-
thening of the pedicled omentum followed by
its placement in a subcutaneous tunnel. An
extensive laminectomy was then performed
followed by wide opening of the dura. In all
circumstances the cord showed changes con-
sistent with previous trauma. The omentum
was laid directly on the underlying spinal
cord. Two of the tetraplegic patients and one
of the paraplegic patients have shown
marked improvement over the years related
more to amelioration of lower motor neuron
dysfunction than to improvement in cord
function itself.

A STUDY OF UNFUSED CLOWARD'S
PROCEDURES
Jellinek DA, Marks JC,* Illingworth RD,*
Rice-Edwards JM,* Shawdon Ht (Depart-
ments of Neurosurgery* and Radiology,t
Charing Cross Hospital, London)

A retrospective study of 35 patients who had
undergone anterior cervical decompression
for brachalgia or cervical cord compression
with the use of the Cloward drill, but without
bone grafting, was undertaken to determine
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whether this had any deleterious effects on
operative results. Patients in the study were
sent a questionnaire and asked to assess the
success of the operation in relieving their
presenting symptomatology and whether
they had any recurrence of their preoperative
complaints. Cervical radiology was perfor-
med at the time of the survey to assess bony
fusion and the presence of any subluxation at
the operation site in 14 of 16 patients had
radiological evidence of bony fusion. Only
one patient had (minor) subluxation. By
their own assessment, 42% (15) considered
their operative result as "excellent", 21% (7)
as "good", 15% (5) as "satisfactory", 15%
(5) as "poor" and 7% (3) as "dreadful".
Eighty six percent (30) reported some symp-
tomatic recurrence, but of these only 32%
described this as "moderate" or "severe".
These results compare favourably with those
reported'2 for fused Cloward's procedure
suggesting satisfactory results may be
obtained without autologous bone grafting
thereby reducing the discomfort of the
procedure for the patient.

References

1 Jeffreys RV. J Neurol Neurosurg Psychiatry
1986;49:353-61.

2 Phillips DG. J Neurol Neurosurg Psychiatry
1973;36:879-84.

CAUSES OF FAILURE IN LUMBAR
MICRODISCECTOMY
Findlay GFG (Liverpool)

Lumbar microdiscectomy has become an
established part of spinal surgical practice
and facilitates early mobilisation, but overall
results in the long term are comparable with
the more conventional technique. In a series
of 324 microdiscectomies over 5 years (age
range 15-78 years; length of history 1-60
months; follow up 2-60 months; 140 L 4/5
and 184 lumbosacral discs), 88-3% made a
good or excellent recovery and 4% a poor
recovery and there were 25 failures (persis-
tence or worsening of the original symptoms
in 12 patients and recurrence of symptoms
after initial improvement in 13 patients).
Seventeen patients were re-explored with the
most common finding being root canal sten-
osis in 11 patients (other causes-recurrent
disc, a new disc at a new level, extradural
fibrosis, unknown). Following re-explora-
tion, 14 patients improved. Recurrent disc
herniation is rare following microdiscectomy
and the commonest cause of failure is the
development or non-recognition of bony
nerve root entrapment.

HYPERTERMA FOR MALIGNANT BRAIN serum albumin at 48-72 hours intervals for
TUMOURS 14 days. Normal plasma volumes were
Cetas TC, Hynynen K, Iacono RP, Shetter measured in outpatients six months later or
A, Cassady JR, Roassman K, Shimm D, predicted from an early measurement of
Stea B, Guthkelch AN (Arizona USA) total body water. Nine patients (36%) were

found to be hypovolaemic (> 10% fall in
Details were presented of a Phase 1 trial of predicted normal plasma volume) within 96
hyperthermia with radiation therapy for hours of the haemorrhage (mean plasma
malignant hemisphere tumours (glioblas- volume -18 + 2%) compared with 16
tomas), aiming for intratumoural tem- patients (64%) who were normovolaemic or
peratures of >42-5°C. Two hyperthermia hypervolaemic (mean plasma volume
modalities had been used: ferromagnetic +9 ± 2%, p < 001). The hypovolaemia,
induction (FMI; four patients) and scanned, which was not clinically evident, persisted for
focussed ultrasound (FUS; eight patients). an average of 6 days. Compression or
In the FMI protocol, self-regulating obliteration of the basal cisterns was
ferromagnetic seeds were inserted into cath- observed on the admission computed
eters stereotactically implanted into the tomographic (CT) scans of all hypovolaemic
tumour at a spacing of 1-1-3 cm. These were patients compared with 12-5% of normo-
heated within a high-frequency magnetic volaemic patients (Chi-square 14-52, p <
field for 60 minutes, then replaced by 0-01). The conditional probabilities of a
radioactive 192 Ir seeds for brachytherapy. patient being hypovolaemic if the CT scan
The catheters were then withdrawn. Two indicated raised intracranial pressure (ICP)
patients became drowsy during treatment were high: moderate and severe hydro-
but responded to steroids. No other sig- cephalus, p = 0-80; compression ofthe basal
nificant complications were observed. In the cisterns, p = 0-82; compression of the basal
FUS protocol, preliminary craniectomy cisterns associated with intracerebral
provided a window for the ultrasound beam. haematoma or midline shift, p = 1. The
Four FUS treatments were given at weekly presence of significant hypovolaemia should
intervals on an escalating time scale, curren- be considered when managing SAH patients
tly 30, 45, 60 and 60 minutes, together with with clinical evidence of raised ICP.
external beam radiation, generally on a daily
basis. Temperatures of >42 5°C were References
attained at 46% of up to 49 measured
intratumoural points over all treatments, I Maroon JC, Nelson PB. Neurosurgery
and at 65% of points in the best treatment. 1979;4:223-6.
Six patients completed the protocol without Solomon RA, Kalmon D, Post MD, McMurtrySixpaientscompltedth protcol wthout JD, et al. Neurosurgery 1984;15:354-1.significant complications, one patient with-
drew after two treatments and one was
judged too ill to continue, also after two
treatments. AN EVALUATION OF THE APPLICABILITY OF

BRAIN SLICE METHODOLOGY TO THE
INVESTIGATION OF THE PATHOPHYSIOLOGY OF
FOCAL CEREBRAL ISCHAEMIA

Clough PH, Lye RH (Manchester)
HYPOVOLAEMIA FOLLOWING SUBARACHNOID
HAEMORRHAGE: IS RAISED INTRACRANIAL The authors investigated the applicability of
PRESSURE REPONSIBLE? brain slice methodology to the study of
Nelson RJ, Rubin C, Roberts J, Walker V, cellular events occurring in the vicinity of an
Ackery DM, Pickard JD (Southampton) area of focal cerebral ischaemia in the rat

forebrain. Eighteen Sprague-Dawley rats
Hypovolaemia, which may occur insidiously were randomly assigned to three groups of
following a subarachnoid haemorrhage' six. In the lesioned group, strokes were

(SAH), is associated with an increased risk of produced by occlusion of the middle cerebral
cerebral ischaemia in patients with symp- artery. After recovery from the anaesthetic,
tomatic cerebral vasospasm.2 The aetiology the rats were killed and coronal brain slices
of hypovolaemia remains uncertain prevent- were prepared to include an area of infarc-
ing the identification and appropriate man- tion and then mounted in a slice chamber.
agement of high-risk patients. We have The presence of an ischaemic focus in the
studied 25 consecutive unselected SAH slice was confirmed by histochemical tech-
patients to determine those factors niques. After equilibration for one hour at
associated with the early development of 35°C in artificial cerebrospinal fluid, elec-
hypovolaemia. Plasma volume (PV) was trical activity in the slices was monitored
measured using radio-iodinated human using microelectrodes. The findings were
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compared with brain slices prepared from
the control (non-anaesthetised) and sham
operated groups. Spontaneous electrical dis-
charges were recorded in all preparations. In
comparison with those from the other
groups, discharges were ofgreater amplitude
and duration in the contralateral hemis-
pheres of brain slices prepared from lesioned
animals. The potential of this technique to
explore the possible role of excitotoxic
amino-acids in cerebral ischaemia was dis-
cussed.

EXPERIMENTAL SUBARACHNOID
HAEMORRHAGE IN A SMALL ANIMAL MODEL:
CHANGES IN CEREBRAL BLOOD FLOW,
CEREBRAL PERFUSION PRESSURE,
INTRACRANIAL PRESSURE AND
NEUROTRANSMITTER STATUS
Jackowski A, Crockard HA, Burnstock G
(London)

No animal preparation replicates all the
features of human subarachnoid haemorr-
hage but certain features may be reproduced.
The acute effects of injection of 0 3 ml of
autologous arterial blood into the cisterna
magna of the rat on cerebral blood flow
(hydrogen clearance using chronically-
implanted cortical electrodes), intracranial
pressure (recorded from the cisterna magna),
cerebral perfusion pressure, ultrastructure of
the cerebral arteries and perivascular
neurotransmitter levels were studied.
Cerebral blood flow was immediately
reduced by 50% and remained low for the
next three days. This was accompanied by an
acute rise in intracranial pressure to 48
mm Hg (normally 4 mm Hg) falling to 16
mm Hg at 15 minutes until 3 hours and
remaining slightly elevated until the third
day. The intracranial pulse pressure was
acutely increased on which C-waves were
superimposed. The fall in cerebral perfusion
pressure was insufficient to account for the
reduction in cerebral blood flow. Scanning
and transmission of electron microscopy
showed only minor structural changes in
vessel walls, with focal areas of subintimal
medial necrosis. Macrophage transforma-
tion of pial arachnoid cells may have been
responsible for the rapid removal of subara-
chnoid clot. Cerebral perivascular 5-
Hydroxytryptamine content increased
accompanied by a fall in Neuropeptide Y
concentration, both levels returning towards
normal by three days.

Proceedings of the 113th meeting of the Society ofBritish Neurological Surgeons
CARCINOMATOUS MENINGITIS: DIAGNOSIS BY
RADIOIMMUNOASSAY
Moseley RP, Oge K, Shafqat S, Moseley
CM, Sullivan N, Badley A, Burchell J,
Taylor-Papadimitriou J, Coakham HB
(Bristol)

Neoplastic meningitis occurring as a mani-
festation of metastatic carcinoma (carcino-
matous meningitis), has been recognised
increasingly following improved methods of
systemic therapy. The diagnosis is confirmed
by the demonstration of malignant cells in
the CSF and standard cytological techniques
have been significantly enhanced by mono-
clonal antibody immunocytology.' How-
ever, cytological confirmation of neoplastic
meningitis is still occasionally achieved with
great difficulty and often reflects very ad-
vanced meningeal disease. Biochemical assay
of a tumour marker might overcome this
problem but no such assay exists that com-
bines adequate sensitivity and specificity for
the reliable diagnosis of neoplastic menin-
gitis. Serum and CSF levels of an epithelial
associated glycoprotein (polymorphic epith-
elial mucin) were assayed in a group of 50
patients, 10 of whom had carcinomatous
meningitis-polymorphic epithelial mucin
was found in CSF from all 10 patients with
carcinomatous meningitis but was not detec-
table in CSF samples from the 40 control
patients (normals, demyelination, inflam-
matory meningitis, systemic carcinomatosis
without neurological symptoms, and non-
carcinomatous neoplastic meningitis). The
high molecular weight of this glycoprotein
appeared to prevent its transgression of the
blood brain barrier reducing the possibility
of false positive results arising from leakage
from serum in the CSF.

Reference

I Coakham HB, Brownell B, Harper El, Garson
JA, Allan PM, Lane EB, Kemshead JT.
Lancet 1984;1:1095-8.

RECURRENT SUBARACHNOID HAEMORRHAGE
IN PATIENTS WITH WRAPPED ANEURYSMS
Todd NV, Tocher J, Jones PA, Miller JD
(Glasgow and Edinburgh)

Wrapping an aneurysm is now reserved for a
limited number of surgical situations includ-
ing the unusual aneurysm that cannot be
clipped without clipping adjacent vessels, the
portion of an aneurysm that may remain
outside a clip, and infundibula that are too
small to be clipped. The rate of rebleeding
following such wrapping remains ill-defined.
Between 1965 and 1974, 370 patients had an

intracranial operation for aneurysm in Edin-
burgh ofwhom 60 had wrapping as the sole
treatment of a single anterior circulation
aneurysm (middle cerebral artery aneurysm
55%, carotid aneurysms 8%). Follow up
data for the subsequent decade were availa-
ble for 54 of these patients. Recurrent
subarachnoid haemorrhage occurred in 11
patients with wrapped aneurysms, five
within six months ofsurgery and six between
six months and ten years; hence the known
early rebleed rate from wrapped aneurysms
was 8-6% (95% CI 1.4-16%) and the known
late rebleed rate was 14% (95 CI 3-24%) that
is 1 5% per annum. When compared with the
rebleed rates expected in untreated
previously ruptured aneurysms, wrapping
significantly reduces early rebleeding but is
inferior to clipping. The sample size was too
small to demonstrate any significant effect on
late rebleeding.

INTRAOPERATIVE ULTRASOUND GUIDED
RESECTION OF BRAIN TUMOURS AND
COMPARISON OF MARGINS AND VOLUMES TO
CT FINDINGS
Le Roux P, Silbergeld D, Mack L, Berger M
(Seattle, USA)

The volume of an intrinsic cerebral tumour
or a cerebral metastasis was estimated
both by computed tomography and
intraoperatively using a portable RTS sector
scanner (ATL MIC8; 3 5, 7 5 and IOMH).
Peritumoural oedema was found to be non-
echogenic. In nine patients with previous
surgery, with or without radiotherapy for
intrinsic tumours, intra-operative ultra-
sound overestimated the volume of tumour
found at re-operation (correlation co-
efficient 1-41, SD 0-4). There was a better
correlation in 16 patients at the time of initial
surgery (correlation co-efficient 102, SD
0 25).

CLOSED HEAD INJURIES: WHERE DOES DELAY
OCCUR IN THE PROCESS OF TRANSFER TO
NEUROSURGICAL CARE?
Maurice-Williams RS, Marsh H, Hatfield R
(London)
In the United Kingdom, most patients with
head injuries are admitted to a district gen-
eral hospital and only selected patients sub-
sequently transferred to a neurosurgical unit
with the possibility of delay in treatment ofa
haematoma or inappropriate management.
In a prospective analysis of the emergency
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transfer of 117 consecutive patients with
suspected traumatic intracranial
haematoma, the authors defined the times
involved in the process of secondary referral
from 14 district general hospitals lying bet-
ween 3 and 9 miles by road from the
neurosurgical unit (15-90 mins). Avoidable
delay occurred at the district general hospital
either from failure to institute appropriate
treatment for non-cranial injuries or from
failure to realise that transfer was necessary.
Once the decision to transfer a patient had
been made, the process of transfer consumed
relatively little time, regardless of the dis-
tance from the district general hospital to the
neurosurgical unit. The geographical disper-
sal of neurosurgical services would not
improve the outlook of patients with head
injury and the authors proposed that the
optimum outcome would be achieved by
concentrating head injury admissions to
selected district general hospitals each equip-
ped with a CT scanner linked to a neuro-
surgical unit and a standby ambulance for
the transfer of head injured patients.
Immediate scanning following resuscitation
at the district general hospitals of all head
injured patients with a high or intermediate
risk of traumatic intracranial haematoma
(that is skull fracture, with or without
depression ofconscious level) and immediate
transmission ofthe pictures for inspection by
staff at the neurosurgical unit would permit
the early identification of the patient with a

significant haematoma. Theatre facilities
would then be mobilised at the neurosurgical
unit. The time required for transfer was so

short that such a system would allow surgery
at the neurosurgical unit to be carried out as

quickly as at the district general hospital
itself.

AVOIDABLE SECONDARY BRAIN DAMAGE TO
HEAD INJURED PATIENTS TRANSFERRED TO
NEUROSURGICAL UNITS
Gentleman D, Jennett B (Glasgow)

Patients in coma following head injury are at
risk of secondary brain damage from
hypoxia (arterial PG2 < 70 mmHg) and
hypotension (systolic blood pressures < 100
mmHg) produced by avoidable adverse fac-
tors before and during transfer to the
Neurosurgical Unit. The frequency of such
factors has been compared in 200 patients
arriving at the Glasgow Neurosurgical Unit
in coma after head injury in 1986/87 with a

study of 150 patients six years previously.'
Two-thirds of both series reached the NSU
within six hours of injury. There had been
modest but non-significant improvements in

the care of comatose patients during trans-
fer; more had a medical escort, more were

intubated, fewer arrived hypoxic, and fewer
had inadequate extracranial injuries. Non-
etheless, one-third of patients in the recent
series had no mechanical airway protection,
15% arrived hypoxic, 10% had inadequately
managed extracranial injuries and 7%
arrived in shock. Over a third suffered an

adverse event before reaching the Neurosur-
gical Unit-epilepsy, aspiration or res-

piratory arrest. Referring doctors who dis-
patch patients in coma to neurosurgical units
should be more aware of the potential
hazards of ambulance transfer and policies
and routines need to be agreed to reduce
their occurrence.

Reference

I Gentleman D, Jennett B. Lancet 198 :ii:853-5.

CLINICAL ADVANTAGES OF LOW COST CT

GUIDED STEREOTAXY
Mackenzie Al, Bell BA, Marsh HT, Uttley D
(London)

In October 1986 a standard pre-CT Leksell
stereotaxic frame was modified at low cost
for use in a GE 9800 CT scanner for burr
hole brain biopsies. The procedure required
an average of 84 minutes of theatre time of
which 15 minutes was spent in the CT
scanner. One hundred and ten biopsies
including seven of the posterior fossa had
been performed in 100 patients (mean age 56,
range 15-78; 59 males, 41 females) by 12
surgeons of varying experience. His-
tologically abnormal tissue was obtained in
83% of biopsies with benign lesions found in
7% and management changed as a result in
14%. Persistent deterioration occurred in
four patients and temporary deterioration
was noted in seven patients. Two patients
died both with high grade gliomas. Second
biopsies were performed in ten patients and
overall a positive diagnosis was obtained in
90 of the 100 patients. Comparison of these
results with published studies ofother biopsy
methods'2 provoked considerable discussion
over accuracy and rate of positive biopsies.

References

I Heilbrun PM, Roberts TS, Apuzzo MUJ, Wells
TH, Sabshin JK. J Neurosurg 1983;59:
217-22.

2 Goldstein S, Gumerlock MK, Neuwelt EA. J
Neurosurg 1987;67:341-8.
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STEREOTACTIC RADIOSURGERY IN VEIN OF
GALEN MALFORMATIONS
Dias PS, Forster DMC, Battersby RDE,
Bergvall U, Powell T (Sheffield)

Vein of Galen malformations (VGM) con-
stitute a group of midline, high flow
arteriovenous malformations with secon-
dary aneursymal dilatation of the vein of
Galen. It is relatively rare and usually
presents in early life, though cases have been
reported in later life. The reported results are
poor, with an overall mortality of 55-6%
(91-4% in neonates) with an overall surgical
mortality of 30 3% and a significant mor-
bidity in 515%. Johnston' concluded that
improved surgical techniques alone were
unlikely to alter the outcome substantially
and staged surgery and embolisation were
suggested as adjuncts to treatment. An infant
with a vein of Galen malformation presented
at the age of 9 months with macrocephaly
and a cranial bruit. He was treated with
stereotactic radiosurgery at 10 months of
age. A clinical response was apparent within
months of the treatment and partial
angiographic resolution of the malformation
was demonstrated one year after treatment.
Theoretically such stereotactic radiosurgery
has the advantage that gradual occlusion of
only the fistulous component may be better
tolerated and be less likely to interfere with
the function of the normal circulation. In
particular, it may reduce the tendency to
postocclusive thrombosis of the venous
outflow tract following single stage interven-
tion.
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THE EFFECT OF FLUDROCORTISONE ACETATE
ON PLASMA VOLUME & SODIUM BALANCE IN
PATIENTS WITH SUBARACHNOID
HAEMORRHAGE
Lindsay KW, Hasan D, Vermeulen M, Wij-
dicks E, Murray G, Brouwers P, Hatfield R,
van Gijn J (London, Rotterdam, Utrecht &
Glasgow)

The authors demonstrated in a previous
multicentre trial' that the antifibrinolytic
agent tranexamic acid reduced rebleeding
after subarachnoid haemorrhage but in-
creased the incidence of cerebral infarction.
In one centre (Rotterdam), hyponatraemic
patients, thought to have inappropriate
ADH secretion and treated with fluid restric-
tion, developed a high incidence of cerebral
ischaemia.2 A subsequent study suggested
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that hyponatraemia was not dilutional, but
resulted from sodium loss and was
associated with a fall in plasma volume that
might contribute to cerebral ischaemia.3
Increase in the fluid input failed to prevent
the fall in plasma volume. In a randomised
study the effect of fludrocortisone acetate on
sodium balance in plasma volume was inves-
tigated in 91 patients with subarachnoid
haemorrhage, 46 of whom received
fludrocortisone. Fluid and sodium balance
were measured daily and the plasma volume
determined on days 1, 6 and 12 after admis-
sion. In the first six days, a negative sodium
balance correlated with a negative fluid
balance and a fall in plasma volume.
Fludrocortisone reduced the incidence of
patients with a negative sodium balance
(p = 0-04) but did not significantly reduce
the fall in plasma volume nor the incidence of
cerebral ischaemia.
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CHANGES IN PATIENTS AFTER FOCAL HEAD
INJURY
Statham P, Bullock R, Patterson J, Teasdale
GM, Teasdale E, Wyper D (Glasgow)

Haematomas or contusions complicate at
least one third of severe head injuries and are
a major cause of preventable mortality and
morbidity. Many such patients undergo
secondary deterioration, but the mechan-
isms responsible are poorly understood.
Although ischaemic neuronal damage is
associated with haematomas and contusions
in human post mortem and animal studies,
non-tomographic 133 Xe cerebral blood flow
(CBF) measurements have failed to show
sufficiently low CBF to cause ischaemic
neuronal damage in survivors. Serial MRI
(015 resistive) and single photon emission
computed tomography (SPECT) scanning
were used to map regional CBF (HMPAO)
and blood brain barrier lesions (99Tm per-
technetate) both early (one to ten days) and
later (seven to 90 days) after head injury in
order to analyse pathophysiological con-
sequences of focal lesions. Examples of the
results of the various imaging modalities
were presented (8 subdural and 4 extradural
haematomas; 11 contusions) together with a
critical discussion of the problems of
quantification.

EMERGENCY SURGERY FOR HAEMATOMA

FORMING ANEURSYMAL HAEMORRHAGES

Page R, Richardson PL (Manchester)

Management ofan intracerebral haematoma
following aneursymal rupture remains con-

troversial and the authors reported their
experience in seven patients with depressed
level of consciousness and proven haema-
toma on CT scan (4 males, 3 females; age 26-
51 years; six middle cerebral artery
aneurysms and one anterior communicating
aneurysm). The haematoma was removed as
an emergency and the aneurysm clipped at
the same operation following angiography.
One patient died. One patient (anterior com-
municating aneurysm) was still in hospital
and required constant nursing care but five
patients had returned to work or were

independent at home (epilepsy-2; hemian-
opia-1; mild dysphasia-2). The authors
supported the current trend towards emer-
gency surgery for selected patients who
would otherwise have a protracted period of
high intracranial pressure with its attendant
higher morbidity and/or mortality.

SERIAL TOMOGRAPHIC MAPPING OF CEREBRAL
BLOOD FLOW AND BLOOD BRAIN BARRIER

DORSAL ROOT ENTRY ZONE LESION IN THE
TREATMENT OF PAIN IN PATIENTS WITH
DAMAGE TO THE SPINAL CORD OR CAUDA
EQUINA
Teddy P, Vafadis J, Fairholm D (Oxford)

Lesions made in the dorsal root entry zone of
the spinal cord may prove beneficial in
relieving central pain following avulsion of
the roots of the brachial plexus but the
results achieved using this operation in the
treatment of central or deafferentation pain
following spinal cord injury or damage to the
roots of the cauda equina are less clear cut.
The results of a combined series of 30
patients was reviewed, of whom 21 suffered
blunt or penetrating injuries to the spinal
cord or cauda equina and nine had pain in
numb areas following surgery for lumbar
disc or from presumed chemical arach-
noiditis. The results from the first group were
generally good, particularly in those with
complete spinal cord injuries but the results
in the second group were universally very
poor in terms of pain relief and were
associated with a high incidence of unaccep-
table side effects.

DORSAL COLUMN STIMULATION FOR PAIN: A
REVIEW OF 60 CASES
Simpson BA (London and Cardiff)

Experience with implantation of Dorsal
column stimulators for pain relief in 62
patients in the London Hospital between
September 1978 and April 1987 was presen-
ted-all electrodes were inserted via a lamin-
ectomy and secured epidurally. The outcome
in two cases was not available. In 60 patients
(34 male and 26 female; age range 21-74
years) symptoms had been present for from
three months to fifty years and follow-up
ranged from 2 months to 9 years (12 dead
and 32 remaining for follow-up). Cervical
electrodes were employed in 25 and thoracic
in 35. The average number of operations per
patient was 2-8 and 29 required no re-opera-
tion. Four result categories were employed:
made worse (4), no effect (12), modest benefit
(14), and significant benefit (28). Two
patients were made worse after initial benefit.
Benefit was therefore achieved in 70%
overall in a wide range of conditions but
post-herpetic and post-thalamotomy pain
were unlikely to be helped.

DOES FOCAL BRAIN OEDEMA CAUSE CEREBRAL
DYSFUNCTION?
Whittle IR, Miller JD (Edinburgh)

The relationship between brain dysfunction
and focal brain oedema is complex. It is
influenced by factors such as neural tissue
damage associated with the oedemogenic
lesion, altered ICP dynamics, and ischaemia.
An experimental model using focal brain
oedema generated by direct intracerebral
infusion was utilised to minimise these com-
pounding variables and assess the effects of
focal brain oedema, generated by infusates
containing various substances, on brain
physiology. The infusion method of brain
oedema' was used in adult mongrel cats. The
animal was anaesthetised, intubated and
ventilated. A 23 G needle was stereotactically
placed in the right forebrain white matter.
Infusates were delivered at 0-2 ml/h for three
hours. Infusates studied were saline, 20%
protein (Fetal calf serum), arachidonic acid
2-20 mg/ml, bradykinin 5-150 mg/ml, and
cyst fluid from 4 human gliomas. Parameters
studied were rCBF, cerebrovascular reac-
tivity to changes in arterial carbon dioxide
tension, ICP, pressure-volume index, brain
compliance, somatosensory (SEP) and
motor (MEP) evoked potentials, BBB dis-
ruption and brain water content. Forty cats
were studied. All infusates increased white
matter water content by 8-12% when com-
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pared with the contralateral hemisphere. ICP
increased from baseline means of 5 mmHg to
15-25 mmHg depending on infusate, whilst
compliance fell and PVI remained constant.
However, despite often major BBB disrup-
tion the rCBF remained stable, CO2 re-

activity intact, and SEPs and MEPs repro-

ducible. This study has shown that even in
the presence of severe focal brain oedema
and a moderate rise in ICP, many parameters
indicative of brain function remain stable.
The addition of putative neuronal, glial or

vasomodulating substances to the oedema
fluid, although causing BBB disruption, did
not alter this finding.
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THE USE OF TRANS-VENTRICULAR ENDOSCOPY

IN THE MANAGEMENT OF ACQUIRED NON-

COMMUNICATING HYDROCEPHALUS

Rawlinson JN, Coakham HB, Torrens M,
Griffith HB (Bristol)

Acquired non-communicating hydrocepha-
lus is most commonly due to a tumour within
or adjacent to the ventricular system. Trans-
ventricular endoscopy permits establishing
the tissue diagnosis at the same time as
providing emergency drainage. Experience
with 22 patients was presented. Hydro-
cephalus was relieved in all patients. The
histological diagnosis was achieved in 17
patients and visually in three (two colloid
cysts and one thrombosed arteriovenous
malformation distorting the opening of the
aqueduct). Two colloid cysts were too tough
to biopsy or aspirate and were removed by
craniotomy under the same anaesthetic. Sub-
sequent arteriography in the patient with a

thrombosed AVM did not reveal the lesion
and endoscopy was possibly the only way the
diagnosis might have been made. Biopsy
failed in two patients. Two patients died
following haemorrhage from a tumour site.
There were no cases of infection.

THE TREATMENT OF INTRA-CRANIAL

ANEURYSMS BY INTERVENTIONAL AND

NEUROVASCULAR TECHNIQUES
Higashida RT (San Francisco, USA)

The author presented his experience with 186
patients (104 females, 82 males; age range
15-72) with surgically inaccessible
aneurysms using local anaesthesia and con-

tinuous neurological monitoring. Tech-

niques included proximal ligation, trapping
and embolisation of the aneurysm itself. The
vessel could not be preserved in 119 patients.
Immediate complications including transient
ischaemic attacks (16), stroke (12), haemorr-
hage (8), and death (8).

CT INFUSION SCANNING FOR THE DETECTION
OF ANEURYSMS CAUSING INTRACEREBRAL
HAEMORRHAGE
Le Roux PD, Newell DW, Silbergeld DL,
Stimac GK, Winn HR (Seattle, USA)

Computer tomographic scanning (CT) is the
procedure of choice in the diagnosis of
intracerebral haemorrhage (ICH), but does
not always demonstrate a responsible
aneurysm. In the deteriorating patient there
is insufficient time for angiography: thus we
prospectively studied the use of a continuous
infusion of contrast material during CT
scanning to detect aneurysms in patients
with ICH. CT infusion scans were done on a

GE 9800 scanner. Patients were given a

constant infusion of 80-100 ml of sodium
diatriazote (Hypaque 60). Scans were
obtained in the dynamic mode from the floor
of the sella to a point above the anterior
communicating artery (15-18 1 5 mm slices).
Images were photographed at intermediate
windows (level 80W; 400 Hounsfield units).
Eight patients received infusion scans. Scans
were normal in three patients and aneurysms
detected in five patients. These findings were
confirmed at surgery and post-operative
angiography. All aneurysms were success-

fully clipped at the time of ICH evacuation.
Surgical planning was facilitated by the
information obtained. CT infusion scanning
may thus be useful in rapidly detecting
aneurysms in cases of ICH.

NON-INVASIVE INVESTIGATION FOR
OCULOMOTOR PALSY DUE TO ANEURYSM
Teasdale E, Macpherson P, Statham P
(Glasgow)

One of the common causes of a painful 3rd
nerve palsy is expansion or rupture of an

aneurysm of the internal carotid artery aris-
ing at or near the origin of the posterior
communicating vessel or more rarely the tip
of the basilar artery. The aneurysm responsi-
ble for such a 3rd nerve palsy is almost
always greater than 4 mm diameter and
should be within the resolving capabilities of
modern dynamic CT scanning thereby
reducing the need for angiography in the
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exclusion ofan aneurysm. Sixty patients with
surgically confirmed posterior communicat-
ing artery aneurysms were examined to
assess the size and location of the aneurysm
and the presence or absence of a third nerve
palsy. Twenty eight patients were studied
prospectively for the clinical history of 3rd
nerve palsy. Niopam 370 (100 ml) was injec-
ted as 3 mm overlapping axial or coronal CT
slices of the perisellar area were taken and
coronal, sagittal and oblique reformations
studied. Of the 48 carotids and 24 basilar
vessels so examined an aneurysm was iden-
tified in four, a small possible aneurysm in
two and an abnormality of the internal
carotid bifurcation in another. Two other
carotids showed marked tortuosity in
association with basilar ectasia (one patient).
Angiography was carried out in 19 of these
patients and confirmed the aneurysm in three
ofthe four cases (one 75 year old lady had no
confirmatory angiography). One small possi-
ble aneurysm was identified as a 2 mm
infundibulum and the other confirmed as a 3
mm x 8 mm aneurysm. The bifurcation
abnormality was a 3 mm infundibulum aris-
ing in relation to an abnormally high
anterior choroidal vessel. The remainder of
the carotids and basilars were confirmed
normal at angiography and there were
neither false negative nor positive examina-
tions. Vertebral angiography is unnecessary
ifdynamic CT shows the basilar system to be
normal. Thin section dynamic perisellar CT
with reformation in many planes would
appear to be an appropriate non-invasive
way to identify or exclude an aneurysm
causing 3rd nerve palsy thereby saving many
patients the hazard and discomfort of
angiography.

EXPERIENCE WITH CT AND MRI DIRECTED
BIOPSY 1982-1988
Thomas DGT, Nouby R (London)

The authors reviewed their experience in 388
image directed stereotactic surgical
procedures performed with the Brown-
Roberts-Wells stereotactic apparatus during
a five year period. The series included 292
cases ofCT directed biopsy, 17 cases ofMRI
directed biopsy for lesions not shown on CT
or an ambiguous or anomalous CT
appearance and eight cases of haematoma
aspiration. Positive diagnosis was obtained
in 92 8% of cases in which 10% were found
to be non-neoplastic lesions. Ten of the 13
cases of MRI directed procedures yielded
positive diagnosis in which three were found
to be non-neoplastic. Complications in 317
cases of biopsy or haematoma drainage
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included haemorrhage, hemiparesis and
epilepsy with an overall complication rate in
the first week of 4 4% cent including one
death. Image directed stereotactic biopsy
may be performed at any intra-cranial site
with a high diagnostic yield and low mor-
bidity.

STUDY OF INTRACRANIAL FLUID FLOW BY

ULTRAFAST ECHO-PLANAR IMAGING
Firth JL, Stehling MK, Coxon R, Ordidge
RJ, Howseman AM, Chapman B, Mansfield
P (Nottingham)

Echo-planar imaging (EPI) is an ultrafast
NMR technique capable of producing snap-
shot transectional images in around 1/15th
ofa second.' This non-invasive technique has
been used clinically during various phases of
its development since 1981.2 The considera-
ble potential of the technique was demon-
strated in a series of head studies including
various types of hydrocephalus and the
haemodynamics within an arteriovenous
malformation.
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SUSPECTED POSTERIOR FOSSA LESIONS: DOES

THE FIRST IMAGING MODALITY AFFECT

EVENTUAL PATIENT MANAGEMENV? A

PROSPECTIVE RANDOMISED TRIAL

Hadley DM, Macpherson P, Teasdale E,
Grossart K, Lawrence A, Teasdale GM
(Glasgow)

Uncontrolled studies of small selected
groups of patients suggest that an initial
MRI is more effective than CT in the assess-

ment of patients suspected of harbouring a

posterior fossa lesion. Utilisation of these
two investigations was compared in a prosp-

ective- trial by randomising patients with
signs or symptoms of posterior fossa disease
to have either CT or MRI as their first
examination. After imaging, the results were
reported to the responsible clinician who
could then either manage the patient on the
basis of the first study or could request the
alternative examination. Patients (1020)

were entered into the study over a two year
series, 511 were randomised to have CT first
and 509 to MRI. One per cent of patients
were precluded from MRI as a result of
claustrophobia. Patients (887) were man-
aged by the imaging technique to which they
were first allocated and a second examina-
tion was requested in 126. Of 511 patients
who were allocated to CT first, 97 sub-
sequently had MR imaging requested. By
contrast, of patients whose first examination
was MRI only, 41 had a further request for a
CT. In patients with suspected demyelina-
tion, a tumour or a degenerative disease, MR
imaging was requested in addition to CT in
36%, 22% and 20% of patients respectively.
A CT was carried out after MRI in 5%, 9%
and 11% of corresponding cases. Clinicians
ultimately requested MR imaging in 75% of
patients diagnosed finally to have either
demyelination or a tumour. In patients in
whom a diagnosis was not established, 1 %
of those whose initial study was CT also had
MR but only 2% had CT after MR. Hence in
the majority of patients either CT or MRI
provided the information required for initial
management but when CT was a first
examination it was considered insufficient
for the management of a patient three times
more often than MR. by copyright.
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