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SUMMARY British consultant neurosurgeons in post for at least one year were sent a postal ques-

tionnaire about the way in which they managed patients with ruptured aneurysms; 87% replied.
Wide differences were evident in almost all aspects of treatment, before, during and after surgery.

A consensus of opinion appeared in only a few areas: the employment of magnification during
surgery, the use of clipping as the preferred method of surgical treatment, and a general reluctance
to operate on patients with a depressed conscious level within a week of haemorrhage.

Rupture of an intracranial aneurysm is one of the
commonest conditions requiring neurosurgical atten-
tion. Despite major advances in treatment over the
last few decades, the overall prognosis of patients
admitted to neurosurgical care remains un-
satisfactory.' 2 Many aspects of treatment are or have
been the subject of controversy. Amongst these are
the optimum time for surgery, the use of hypotensive
and antifibrinolytic drugs to reduce the risk of
rebleeding, and whether patients who are elderly or
who have non-ruptured aneurysms should be subjec-
ted to surgery. Some surgical techniques such as per-
operative hypothermia or hypotension and the use of
temporary clipping of main arteries during dissection
of an aneurysm have not been universally accepted.
Although there has been widespread discussion of

these and other questions, personal observation had
suggested that there are wide differences of practice
amongst British neurosurgeons in the way in which
they manage patients with aneurysms. We have
attempted to establish the extent of these variations
by carrying out a postal survey.
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Method

In April 1984 we sent a postal questionnaire to the 107
consultant neurosurgeons in Great Britain, Northern
Ireland, and the Irish Republic who had been in post for at
least one year. At this time there were a further eight posts
which were vacant or had been filled only recently.

Results

A: Returns
Ninety three out of 107 (87%) questionnaires were
returned. Three of the respondents said they were
answering on behalf of colleagues as well as them-
selves. These replies have been counted as only a sin-
gle response each. Some respondents did not answer
all the questions and, where this is so, the number of
respondents is indicated.

B: Replies to questions
1. The approximate number of cases ofsubarachnoid
haemorrhage (SAH) admitted per consultant per year
(87 replies), shown in table 1.
2. Number ofaneurysm operations per consultant per
year (87 replies), shown in table 2.
3. Admission policies for patients with SAH.
(a) Age limits (90 replies). Forty nine surgeons had no
age limit for accepting a patient with SAH. Forty one
would not accept patients above a certain age: 65
years (19 surgeons); between 65 and 70 years
depending on condition (2 surgeons); 70 years (18
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Table I Number ofpatients with SAH admitted per
consultant per year (87 replies)
No ofpatients No of Consultants

0-10 0
11-20 1 3
21-30 25
31-40 27
41-50 18
51-60 4

Table 2 Number ofaneurysm operations per consultant per
year (87 replies)

No oJ/operations No of Consultants

0-10 2
11-20 36
21-30 35
31-40 14

surgeons); 72 and 80 years (1 surgeon each).
(b) Condition of patient. Admission as soon as
referred, regardless of clinical condition: 30 surgeons.
Good condition patients transferred as soon as
referred, poor condition patients transferred only if
and when they improved: 54 surgeons. Patients not
transferred until several days from haemorrhage, to
allow for stabilisation of condition: nine surgeons.
Five neurosurgeons only accepted patients after prior
evaluation by a neurologist.
4. Preoperative management
(a) Antifibrinolytic treatment: thirty one surgeons
used routine antifibrinolytic therapy, 62 did not.
(b) Blood pressure control: seventy four surgeons did
not attempt to treat hypertension prior to operation,
16 lowered the blood pressure to normal levels but
none sought to lower it to below normal.
(c) Sedation: given routinely by 16 of 93 surgeons.
(d) Strict bed rest: enforced by 77 of 93 surgeons.
(e) Angiography (91 replies). Forty one surgeons
obtained angiography as soon as possible after admis-
sion and a further two did so in the absence of a neu-
rological deficit. Forty six delayed angiography until
the patient was judged fit for surgery. Two only
obtained angiography when 7 days had elapsed since
the last haemorrhage, two avoided days 4 and 5 after
the haemorrhage. Fifty five surgeons had angio-
graphy performed under general anaesthesia, 35 had
it performed under local anaesthesia.
5. Timing of surgery
(a) Patients in good condition at admission (89 replies):
54 surgeons operated "as soon as possible", 35 oper-
ated after waiting for a variable interval from the last
haemorrhage, shown in table 3.
(b) Patients with a major focal neurological deficit but
intact conscious level (89 replies): 15 operated in first
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Table 3 Planned delayfrom haemorrhage before surgery in
good condition patients (35 consultants)

No

3- 4 days 1
3- 7 days 3
5- 7days 12
7-10 days 8
10-14 days 9
Over 14 days 2

week, 30 operated in second week, 16 operated after
second week, 28 operated only after resolution of
deficit.
(c) Patients with depressed conscious level but no focal
neurological deficit at the time of admission (91 rep-
lies): 7 operated in first week, 15 operated in second
week, 6 operated after second week, 63 operated only
when conscious level had recovered.
(d) Poor condition patients with cerebral compression
from haematoma: asked whether they operated
acutely on such patients to relieve cerebral com-
pression, 23 replied that they usually operated, 16
never operated, 54 would occasionally operate.
6. Operative technique
(a) Routine use of pre-operative cerebral dehydrating
agent: used by 40 surgeons.
(b) Routine drainage ofcerebrospinalfluid: used by 44
surgeons (25 by ventricular drainage, 19 by lumbar
drainage).
(c) Magnification: 89 used magnification (88 used
operating microscope, nine used magnifying loupes,
depending on the circumstances), four used no
magnification at all.
(d) Unruptured aneurysms: 19 surgeons did not oper-
ate on unruptured aneurysms. Seventy three would
operate on some unruptured aneurysms depending on
the circumstances; one did not reply.
(e) Controlled Hypotension during surgery: used by 65
(only 2 routinely used profound hypotension and
sought to lower the systolic blood pressure below 60
mm Hg). Not used by 28.
(f) Hypothermia: never used by 84 surgeons; some-
times used by nine surgeons, of whom only one
employed deep hypothermia with cardiac bypass.
(g) Temporary clipping ofmain artery to facilitate dis-
section ofan aneurysm which has not bled at operation
(89 replies): often used by five surgeons; sometimes
used by 43 surgeons; never used by 41 surgeons.
(h) Preferred method of treating aneurysms: clipping,
84; clipping and wrapping, 9; wrapping alone, 0.
(i) Proximal "indirect" operations:
(a) Common carotid artery ligation: never used, 37;
used less than five times a year, 56; used more than
five times a year, 0.
(b) Clipping of the proximal anterior cerebral artery
for anterior communicating aneurysms: never used, 71;

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.50.8.965 on 1 A
ugust 1987. D

ow
nloaded from

 

http://jnnp.bmj.com/


Differences in the management of ruptured intracranial aneurysms
occasionally used, 22; routinely used, 0.
7. Post operative management
(a) Anticonvulsants: used routinely, 47; not used rou-
tinely, 46.
(b) High dose steroids: used routinely, 44; not used
routinely, 49.
(c) Treatment ofpost operative ischaemia: 18 surgeons
used a routine prophylactic regime; 75 surgeons did
not.

If symptoms of cerebral ischaemia appear after
surgery the following agents were used:
Plasma expanders (66 surgeons); drugs to induce
hypertension (46); steroids (30); dehydrating agents
(23).
(d) Post operative check angiography: obtained rou-
tinely by 17 surgeons.

Discussion

There have been few published surveys of differences
in surgical practice in the British Isles, and, so far as
we are aware, none has concerned neurosurgery with
the possible exception of Le Vay's questionnaire on
the management of lumbar disc protrusions which
was circulated to both neurosurgeons and ortho-
paedic surgeons.3 Although subject to the limitations
and simplifications which a postal questionnaire
always involves, our survey has revealed major
differences in the way in which British neurosurgeons
manage patients with ruptured intracranial
aneurysms.
The neurosurgeon's management begins as soon as

a patient is referred to him. The admission policy he
adopts will exert a considerable influence on the out-
come figures for his unit. Any selection of patients
and any delays in transfer to neurosurgical care will
prevent patients with an unfavourable prognosis from
entering the population he treats. A recent study has
shown the way in which different admission policies
approximating to those in general use can bias both
surgical and management results by altering the struc-
ture of the population of patients entering neu-
rosurgical care.4 An "open door" policy of
transferring all patients as soon as they are referred,
regardless of clinical condition, will produce the least
favourable results, for it will lead to the surgeon hav-
ing to treat many patients who are either in a very
poor condition or who are about to deteriorate. Our
survey has revealed that admissions policies do indeed
vary and that fewer than one third of British neu-
rosurgeons operate an open door policy. This means
that it may seldom be possible to make valid com-
parisons between the results of treatment at different
centres.
Our respondents could not agree on a maximum

age for treating patients with subarachnoid hae-

morrhage (SAH). This reflects a rather surprising lack
of firm evidence as to whether the results of aneurysm
surgery are related to the patient's age. Thus while
some series have found that surgical mortality
increases steadily with age,56 Nornes and Wikeby
found that surgical mortality was lower in the 7th
decade than in the 4th7 and Sengupta and colleagues
reported good results in patients between the ages of
60 and 71.8 It is difficult to reconcile such disparaties
but, as Martindale and Garfield have pointed out,
older patients subjected to aneurysm surgery tend to
be highly selected, a relatively small number chosen
from amongst a large number of elderly patients with
SAH.9 In addition, it can be difficult to disentangle
the influence of age alone on the outcome, for older
patients are more likely to have hypertension or other
serious intercurrent diseases than younger patients
with SAH.
We asked each surgeon to state the number of

patients with SAH he admitted per year, and the
number of aneurysm operations he performed. Their
replies revealed a relatively small scatter of experi-
ence, the great majority of surgeons carrying out
between 15 and 35 operations per year. This is as one
would expect, for so far there has been little tendency
for British neurosurgeons to develop as specialist
aneurysm surgeons. The replies allow one to make an
estimate of the proportion of patients with SAH who
reach neurosurgical care. If the incidence of SAH is
taken as being 12 per 100,000 per year, an estimate
which probably errs on the low side10 then the
expected number of cases per year in the British Isles
is about 6,5000-7,000. The figures returned by our
respondents suggest that perhaps 3,000 to 3,500
patients are treated by neurosurgeons each year. Even
allowing for the fact that 15% of patients die before
reaching hospital or shortly afterwards"1 -13 and that
many of our respondents may have given approxi-
mate estimates it would appear that a substantial pro-
portion (possibly as many as half) of the patients with
SAH who reach hospital in Britain do not reach
neurosurgical care.

Prior to operation there would appear to be no
standard approach to management. At this stage the
main threats to the patient are rebleeding and delayed
cerebral ischaemia. These present the surgeon with a
dilemma for measures which may reduce the like-
lihood of rebleeding such as hypotensive therapy and
antifibrinolytic treatment may increase the risk of
ischaemia. On the other hand treatment to counteract
cerebral ischaemia, such as raising the blood pressure
and expanding the blood volume, may precipitate
recurrent haemorrhage.
A number of general measures are employed to

minimise fluctuations in blood pressure and hence
reduce the risk of rebleeding."4 Of these the most
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widely used are strict bedrest and sedation. We are
aware of no evidence for their efficacy and they are
not without some theoretical risks. For example they
might increase the risk of thromboembolism and
chest infection. Most of our respondents enforced
strict bed rest but less than 20% used routine
sedation.
Fewer than 20% used hypotensive treatment prior

to operation and none attempted to lower the blood
pressure to below normal levels. Although there have
been no major trials of hypotensive treatment used
alone there is evidence that hypotension can be haz-
ardous, especially in patients who are drowsy, who
have a major neurological deficit or who show
fluctuations in their clinical state.'5 16 Furthermore,
even patients in a good condition often have reduced
cerebral perfusion so that very close clinical moni-
toring is required if hypotension is used. Blood pres-
sure control is often extremely difficult in the periods
soon after a SAH16 and it is much more difficult to
lower the blood pressure below normal than to elimi-
nate extremes of hypertension. 17
The continued use of antifibrinolytic drugs by a

substantial minority of British neurosurgeons can
only be regarded as surprising. Although a large num-
ber of trials have produced conflicting evidence about
the efficacy of these agents in reducing rebleeding,' 8 a
well designed large scale multi-centre trial which had
been published by the time of our survey had finally
established that antifibrinolytic treatment has no
effect on the overall outcome in patients with SAH, as
a reduction in rebleeding is counter-balanced by an
increase in cerebral ischaemia.'9
The optimum timing of surgery and hence of pre-

operation angiography remains a major subject of
controversy and the disparate practises revealed by
our survey suggest some degree of confusion amongst
British neurosurgeons. In general, early surgery is
technically difficult and is attended by poor results
while if operation is postponed for 14 days or more
from the time of the last haemorrhage a very low sur-
gical mortality can be attained.20-22 Of course,
delayed surgery means that many patients will deteri-
orate and die from rebleeding and other causes during
the waiting period, so that the good surgical results
may disguise poor management results. At the
present time it is uncertain whether early or delayed
surgery produces the best overall results.20 However,
there is some evidence that results are particularly
poor if surgery is carried out during the second half of
the first week after haemorrhage when cerebral vaso-
spasm and delayed cerebral ischaemia are beginning
to develop23 24 and recently there has been a move
towards very early surgery, within the first 48 to 72
hours. Some good results have been reported'3 25 and
it has been suggested that surgery at this stage may
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not only prevent rebleeding but also permit effective
prophyllaxis against delayed cerebral ischaemia by
the removal of clot from the basal systems at the time
of surgery and by allowing treatment with hyper-
tension and blood volume expansion once the
aneurysm has been excluded from the circu-
lation.20 25
The patient with acute cerebral compression caused

by an intracerebral haemorrhage from an aneurysm
presents a special case for emergency surgery. Such
patients are usually in a poor clinical condition and
although a very good result is sometimes obtained,
the overall operative mortality is high, ranging from
50% to 80% with many survivors left severely dis-
abled.26 27 The case for emergency surgery in these
patients remains unproven and the lack of consensus
amongst our respondents reflects this.
The greatest change in the purely technical side of

aneurysm surgery in the last 20 years or so has been
the introduction of the operating microscope. Few
neurosurgeons can doubt that this had led to greatly
improved surgical results although this has not been
established by any incontrovertible evidence. Youn-
ger neurosurgeons find it difficult to understand how
their elders were able to clip aneurysms without the
controlled magnification, intense illumination and
binocular vision at depth provided by the microscope.
What is surprising is not that 95% of our respondents
used the microscope but that four surgeons used no
magnification at all!

All our respondents preferred to clip aneurysms if
possible. A few combined clipping with investment of
the sac, but none employed wrapping alone.
Although wrapping has been described as an alterna-
tive method of dealing with aneurysms" 2 it has two
disadvantages compared with clipping: it requires
total exposure of the aneurysm sac (with a greater risk
of per-operative rupture) and even if the surgeon
achieves a complete investment of the aneurysm, the
sac is still not excluded from the circulation and may
rebleed in the future.

Judging by the results of our survey, the "indirect"
operations of carotid ligation (for internal carotid
artery aneurysms) and occlusion of the larger proxi-
mal anterior cerebral artery (for anterior commu-
nicating artery aneurysms) which were so widely used
in the 1950s and 1960s are no longer employed except
for occasional patients and many British neuro-
surgeons no longer perform these operations at all.
These procedures do not exclude aneurysms from the
circulation and hence cannot totally abolish the risk
of rebleeding, though they may lessen it. Their aban-
donment probably indicates the improvement in the
surgeons' ability to clip aneurysms which has resulted
from the introduction of the microscope.
Our survey revealed no uniformity in the use of
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Differences in the management of ruptured intracranial aneurysms
various adjuncts to surgery. It seemed surprising that
most surgeons did not routinely use dehydrating
agents or drainage of cerebrospinal fluid to facilitate
brain retraction, for these manoeuvres are not
believed to be associated with any dangers, apart
from the very small risk of rupture of the aneurysm if
administration of a dehydrating agent and release of
cerebrospinal fluid are carried out simultaneously.30
Most neurosurgeons used hypotension during dis-
section of the sac, though only two routinely lowered
the blood pressure to less than 60 mmHg. On the
other hand most neurosurgeons were reluctant to
apply temporary clips to a main artery while the
aneurysm was being dissected. Both procedures are
designed to minimise the risk of per-operative rupture
of the aneurysm, but both may increase the risk of
cerebral ischaemia. There is evidence that extremes of
hypotension are relatively safe, especially if combined
with simultaneous blood volume expansion,3' but the
same is not true of temporary clipping which may
damage the wall of the artery concerned as well as
interrupting the flow of blood within it.
Hypothermia was widely employed 20 to 30 years

ago but has now largely been abandoned. Moderate
hypothermia (to approximately 30°C) was a cum-
bersome procedure which was shown to confer no
overall benefit.32 Deep hypothermia (to 15 to 20°C)
using cardiopulmonary bypass permits total circu-
latory arrest for up to 45 minutes. It may enable the
dissection and occlusion of otherwise inoperable
aneurysms but when first introduced it was associated
with serious problems from inability to reverse fully
the anticoagulation required for the bypass
machine.33 Recently, improved understanding of the
physiology of clotting has partly solved this problem
and deep hypothermia has been tried again with
improved results.34 Nevertheless, only one British
neurosurgeon is currently using this technique.
The survey results indicate a lack of any standard

approach to post-operative management. There is no
evidence for the value of high dosage steroids after
aneurysm surgery, but it is known that up to 30% of
operations on supratentorial aneurysms are followed
by fits at some time, the incidence varying with the
site of the aneurysm,35 and it does seem curious that
half our respondents did not use routine anti-
convulsants, for seizures, especially in the immediate
post-operative period can give rise to a number of
problems. To take but one example a post-operative
fit may lead to obstruction of the airway and increase
the risk of ischaemia for a brain whose circulation
may be in a precarious state.

Cerebral ischaemia is the principal post-operative
complication of aneurysm surgery yet the majority of
our respondents did not use any prophylactic regime
to counter this danger, even though both hyper-

tension and blood volume expansion may lessen the
danger of this complication without any great risk
once the aneurysm has been clipped.3637
Only a minority of our respondents used routine

check angiography after aneurysm surgery, although
series published by experienced surgeons have estab-
lished that check angiography will reveal that some
aneurysms thought to have been occluded success-
fully are only clipped partially, if at all.38 39
To the non-neurosurgeon these many variations in

the management of a common disorder may seem sur-
prising. To some extent this may be due to a reluc-
tance on the part of a generally conservative group of
surgeons to abandon certain well established modes
of treatment. However, it has to be said that there is
simply no firm evidence for or against most forms of
treatment with the possible exception of
antifibrinolytic therapy. It is clear that many other
aspects of the treatment of patients with SAH deserve
definitive and controlled investigation in the hope
that the delineation of a rational scheme of manage-
ment will help to reduce the mortality and morbidity
of this very grave condition.

We thank the large number of neurosurgeons who
made this survey possible by completing and
returning the questionnaire.
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