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Objectives: To evaluate the results of treatment of patients with a ruptured intracranial aneurysm treated by
a single experienced vascular neurosurgeon in the period prior to the introduction of endovascular coiling.
Methods: Over a mean (SD) period of 9 (2) years, between January 1990 and June 1999, 245
consecutive patients with ruptured intracranial aneurysms were treated. Patients’ details were obtained
from a database that had been constructed prospectively. The patients consisted of all those patients
treated by the senior author (Mr Maurice-Williams) over this period—that is, every third day on call at his
unit. During this period, all patients under the age of 75 years with a diagnosis of subarachnoid
haemorrhage were admitted to the neurosurgical unit as soon as was practicable regardless of clinical grade.
Results: Of 245 patients, 190 (77.6%) underwent treatment by open surgery using standard microsurgical
techniques. At 1 year, the mortality of the operated patients was 2.6%, while 89.5% of the patients had a
Glasgow Outcome Score (GOS) of 4 and 5. The overall management outcome (all patients treated,
including operated and non-operated cases) at 1 year was: 17.1 % dead while 74.3% had GOS 4 and 5.
Of the 190 patients who underwent surgery, 38 (20%) required additional operations, totalling 72
operations in all. Of these, 32 were for hydrocephalus and 17 for the evacuation of intracranial
haematomas/collections. Complications of surgery occurred in 56 patients (29.5%).
Conclusion: Open surgery, despite good eventual results, is associated with a significant rate of reoperations and complications that would probably be largely avoided with endovascular treatment.
Nevertheless, although endovascular coiling has these immediate advantages over surgery it is still not
certain that the long term results will be superior to surgery which leads to permanent obliteration of the
aneurysm. There may still be a need for open surgery in the future.

R

upture of an intracranial aneurysm is one of the most
common neurosurgical emergencies, with an incidence
of approximately 6–10 in 100 000 persons per year.1 2
Despite major advances in the understanding and treatment of this condition over the last 30 years, the prognosis
remains poor, with an overall mortality of 30% or more, and
less than 50% of patients making a full functional recovery.3–5
Until recently, the preferred method of treatment was
surgical clipping of the neck of the aneurysm. However, over
the last 10 years, surgery has been increasingly replaced by
endovascular methods of obliteration of the aneurysm sac. In
the UK at least, this process will probably be accelerated by
the recently published results of the International
Subarachnoid Aneurysm Trial (ISAT).6 If the use of open
surgery declines, there will be a fall in the number of
surgeons with the appropriate skills and experience for this
type of specialised and complex surgery. It seemed to us that
this might be an appropriate time to review the results of
surgical treatment in the hands of what might be considered
a fairly typical aneurysm surgeon who had passed through
the initial learning curve.

MATERIALS AND METHODS
We report the treatment and surgical outcome in 245
consecutive patients with ruptured intracranial aneurysms
who were admitted under the care of the senior author (Mr
Maurice-Williams) over a period of 9K years from 1 January
1990 to 30 June 1999. These patients were all treated at the
Regional Neurosurgical Unit at the Royal Free Hospital and
represent about a third of all the cases treated at that Unit
over that period of time. There was no selection of cases in
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their assignment to this series; R S M-W took only the cases
that were referred during his on call period—that is, every
third day on average.
Endovascular treatment began as a standard method of
treatment at the end of the period of study, although a
handful of cases had been treated before then.
Admissions policy
Over the period of the study, an "open door" admissions
policy was followed—that is, all patients under the age of
75 years who were referred with a diagnosis of subarachnoid
haemorrhage were admitted as soon as practicable after
referral, regardless of the patient’s clinical grade.
Timing of investigation and treatment
Patients underwent diagnostic four vessel angiography as
soon as was practicable after admission. Serial computed
tomography (CT) scanning was employed to monitor such
events as hydrocephalus and delayed ischaemia.
Patients with acute hydrocephalus depressing consciousness were treated by immediate external ventricular drainage
or ventriculoperitoneal shunting. Definitive treatment of the
aneurysm was normally delayed for 9–10 days or more from
the presenting haemorrhage—that is, until the initial period
of possible vascular instability (vasospasm) had subsided.
This was the standard policy for patients in good condition
................................................................
Abbreviations: CT, computed tomography; GOS, Glasgow Outcome
Score
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(Hunt and Hess grades 1–2).7 For patients who were
obtunded or whose clinical condition was unstable, surgery
was delayed until the patient was alert and clinically stable, a
process that might take more than 10 days. A handful of
patients underwent early surgery either because of the
presence of an intracerebral haematoma causing progressive
mass effect or because there had been two confirmed bleeds
in close succession, indicating that the aneurysm was
especially unstable.
Preoperative management
All patients received nimodipine and a high fluid intake (at
least 3 litres over a period of 24 hours) from the time of
admission, in an attempt to minimise the risk of delayed
cerebral ischaemia. For the same reasons, antihypertensive
drugs were not given unless the patient had been on such
drugs prior to the ictus. Regular measurement of the urea and
electrolytes and haematocrit were carried out. CT scanning
was performed on admission and if there was any change in
the patient’s clinical status. Patients were confined to bed
until surgery but were provided with TEDH stockings and
received regular leg exercises from the physiotherapists.
Anticoagulant therapy was not employed prior to surgery.
Surgical management
All surgery was performed by R S M-W who, at the time the
study commenced, had been performing independent aneurysm surgery for over 13 years and had already clipped almost
400 ruptured aneurysms. All operations were performed
using the operating microscope and using standard microsurgical techniques. Brain retraction was carried out using a
Yasargil type brain retractor, and spring release aneurysm
clips of the Sugita or Yasargil type were employed. In a
handful of cases where clipping of the aneurysm neck was
judged to be unsafe or impracticable, treatment was by
proximal arterial occlusion or investment of the aneurysm sac
with muslin.
Anterior circulation aneurysms were exposed by standard
pterional flaps. Posterior circular aneurysms were exposed by
either pterional or subtemporal flaps for aneurysms at the
basilar bifurcation or by suboccipital craniectomy in the
semi-sitting position for aneurysms arising from the vertebral
artery. The dissection and clipping of the aneurysm was
performed under controlled hypotension (usually to a level of
70–90 mm Hg systolic blood pressure) while the patient was
kept hypervolaemic. Temporary arterial clips across proximal
vessels were not normally used. Prior to closure, the wounds
were irrigated with antibiotic solution (flucloxacillin and
gentamicin), and parenteral antibiotics were commenced at
the time of induction of anaesthesia and maintained for
24 hours thereafter.
Postoperative management
Check angiography was performed at approximately 2–4 days
after surgery. If satisfactory, aneurysm occlusion was confirmed, and if the patient’s condition was satisfactory, they
were then mobilised and parenteral fluids were discontinued.
Nimodipine was continued for 21 days from the time of the
presenting haemorrhage. Prophylactic anticonvulsant medication (phenobarbitone) was given from the time of surgery
and if the patient remained seizure free was continued for
2 weeks, or for 6 months in the case of aneurysms of the
middle cerebral artery.
Data collection
In addition to the regular hospital notes and typed inpatient
summary, a separate datasheet was kept for each patient and
was completed prospectively by R S M-W during the patient’s
stay in hospital. These datasheets recorded the patient’s
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Table 1 Grades of patients (Hunt & Hess)7 at time of
admission and at time of surgery
At admission

At time of surgery

Grade

n

%

n

%

1
2
3
4
5
Total

64
73
61
34
13
245

26.1
29.8
24.9
13.9
5.3
100

139
18
25
8
0
190

73.1
9.5
13.2
4.2
0
100

condition on admission, their clinical course, and the detailed
results of any investigations and treatment. Key data were
entered on running datasheets prospectively. Clinical grading
was according to the Hunt and Hess Scale (table 1)7 and
outcome at 1 year was assessed by to the Glasgow Outcome
Score (GOS).23 Most patients were assessed by R S M-W in
his follow up clinic, except for a handful of patients who had
moved away, where follow up was by letter to the patient or
the general practitioner. No patient was lost to follow up at
1 year.

RESULTS
Time to admission
Despite the "open door" admissions policy, only 61% of
patients arrived within the first 24 hours of the ictus and only
75% within the first 72 hours of the presenting bleed. Most of
the patients who arrived late had had very minor presenting
bleeds that had led to delay in diagnosis either by the general
practitioner or at the referring district hospital.
Patient characteristics
Of the 245 patients with ruptured intracranial aneurysms
admitted to the neurosurgical unit, 149 were female and 96
were male. Ages ranged between 17 and 75 years, with a
mean of 50.3 years. Table 1 shows the clinical grades at the
time of admission and just prior to operation. As might be
expected, the preoperative grades were considerably
improved compared with the grades at admission. This partly
reflects the fact that some patients were judged unfit for
surgery, whereas other patients would have improved while
waiting for surgery. Some poor grade patients would have
deteriorated and died.
The sites of the aneurysm were as might have been
expected from other series, with 3.6% situated on the
posterior circulation. Seventeen patients (9.5%) had more
than one aneurysm demonstrated on angiography. In all
cases, it was possible to identify the aneurysm that had bled
Table 2 Additional operations (72 operations in 38
patients)
Cranial (68)
Operations for
hydrocephalus
Evacuation of
haematomas/
collections
Internal decompression
of brain
Re-exploration of
craniotomy
Removal of bone flap
Cranioplasty

Non-cranial (4)
32
17

3
3

Removal of pulmonary
embolus
Caesarian section

1

Laparotomy for ruptured
duodenal ulcer
Internal fixation of
femoral fracture

1

1

1

8
5
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on clinical angiograpy or CT scans. Table 2 shows the
aneurysms that had bled according to site.
One hundred and ninety patients (77.6% of the total)
underwent surgery for the ruptured aneurysm. In 187 cases
the aneurysm was clipped; in three patients the aneurysm
was wrapped. No patient received endovascular treatment.
Timing of surgery
Ninety percent of the operations were performed from day 9
onwards. Eighteen patients underwent earlier surgery,
almost all of these being because the aneurysm was
associated with an intracerebral haematoma causing mass
effect, or because the patient had had two confirmed bleeds
in quick succession yet remained in a good clinical grade.
Results of treatment
The outcome at 1 year of the operated patients according to
GOS is shown in table 3; surgical mortality was 2.6% whereas
83.7% had made a good recovery (grade 5 of GOS)—that is,
the patient was leading a normal life but might have minor
neurological or psychological deficits. Taking grades 4 and 5
together, this figure rises to 89.5%, although we do not regard
the commonplace practice of regarding patients in both
grades 4 and 5 as having a good outcome as satisfactory,
because many of the patients in grade 4 who are independent
as regards the activities of daily life have major neurological
deficits.
Postoperative deaths
The 1 year mortality of the 190 operated patients was 2.6%
(five deaths). Four patients (2.1%) died within 30 days of
operation. Of the five postoperative deaths, one died from a
pulmonary embolus while in three cases there had been
technical problems with the operation. Thus, one patient
with a giant basilar aneurysm treated under deep hypothermia died from uncontrollable bleeding when the anticoagulant treatment was reversed. One patient died from
cerebral ischaemia caused by inadvertent occlusion of a
normal cerebral artery by the clip while in another case
postoperative torsion of a clip led to bleeding from the neck of
the aneurysm. One patient died from a recurrent haemorrhage
several months after having had his aneurysm wrapped.
Complications of surgery
Fifty seven complications occurred in 56 patients (29.5%).
These are shown in table 4, where they are divided into
cranial and systemic complications. The principal surgical
complications were cerebral ischaemia (22 cases) and
intracranial bleeding or collections (11 cases). Five patients
had epileptic fits and four patients had superficial wound
infections. The principal systemic complications were
chest infections, urinary tract infections, and deep venous
thromboses.
Additional operations
Of the 190 patients who underwent surgery for an aneurysm,
38 (20%) required 72 additional operations during their stay
Table 3 Outcome results at 1 year
Glasgow Outcome Score
Good recovery
Moderate disability
Severe disability
Persistent vegetative state
Deaths
Total
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23

Operated patients

All patients

159 (83.7)
11 (5.8%)
15 (7.9%)
0 (0)
5 (2.6%)
190 (100%)

165 (67.4%)
17 (6.9%)
21 (8.6%)
0 (0)
42 (17.1%)
245 (100%)

Table 4

Complications of surgery in 56 patients (29.5%)

Cranial complications
Infection
Post-operative haematoma/
collections
Seizures
Infarct/vasospasm
Cranial nerve palsy

Non-cranial complications
4
11

Pulmonary embolism
Hyponatraemia

1
1

5
22
2

Chest infection
Urinary infection
Myocardial infarction
Venous thromboses
Fracture: neck of femur

4
3
1
2
1

in the neurosurgical unit. Thirty two of these operations were
for hydrocephalus either before or after the operation to the
aneurysm and 17 were for evacuation of postoperative
intracranial haematomas or collections, of which 14 were
extracerebral (extradural or subdural) and 3 were intracerebral (table 2).
Management outcome
The overall management outcome of the 245 patients with a
ruptured aneurysm is shown in table 4. The cause of the 42
deaths (17.1%) that occurred by 1 year is as follows. Five
of these patients died after surgery (see above) and 37 of
the patients never had an operation. Of these 37 patients,
10 died from the effects of primary haemorrhage and 3
from non-haemorrhagic deterioration. Twenty four patients
died from rebleeds but of these 15 were in a state where
they would have been judged unfit for early surgery (grades
4 or 5). Of the remaining nine patients who were in a good
clinical condition (Hunt and Hess grade 1–3 at the time of
the fatal rebleed), five patients died so soon after their
arrival at the neurosurgical unit that early investigation and
surgery could not have been carried out prior to the rebleed
even had that been the policy of the unit. This left four
patients in a good condition who died from recurrent
haemorrhage while they were waiting for the "safe period"
for surgery.

DISCUSSION
Although clipping of a ruptured intracranial aneurysm has
long been regarded as the gold standard in the treatment of
this condition, a new mode of treatment, namely endovascular coiling of the aneurysm, has been increasingly
employed since the second half of the 1990s. The recent
ISAT trial was set up in Oxford, UK to compare the results of
clipping versus coiling for the treatment of ruptured
intracranial aneurysm. Recently, the trial was interrupted
when it became apparent that the results of coiling might be
superior to those of clipping, at least in the short term.6
Although there have been criticisms of the trial, and although
the impact of the trial has not to date been uniform
throughout the world, it seems likely that in the UK at least
there will be a further fall in the number of aneurysms
subjected to open surgical treatment. One result of this will
be the general loss of the specialised surgical skills involved
in aneurysm surgery, which at one time constituted a large
part of major neurosurgery. A dilution of skills was already
becoming apparent in the UK before the results of the ISAT
trial, as coiling became more widespread and cases were
spread over a larger number of surgeons. At the same time as
this was occurring, the number of surgeons with very
considerable experience in the field was falling as they
retired, died, or withdrew early from this somewhat stressful
form of surgery. Already one of the criticisms of the ISAT trial
has been that the surgical group was spread among many
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centres and many surgeons, and may not have represented
the best that surgery could offer.
This seemed an opportune time to review the sort of results
that might be achieved by what might be called an average
experienced aneurysm surgeon in the period before coiling
appeared. We make no claim that the results we present are
in any way different from or superior to those obtained by the
generality of experienced surgeons throughout the world
who had available to them the appropriate radiological and
surgical facilities.
The reported results of aneurysm surgery vary widely, with
an operative mortality from 3% to 36%.3 4 6 8–10 Comparisons
between different series are difficult because of variations in
the case mix. The key variables affecting surgical outcome
other than the skill and experience of the surgeon concerned
are the condition of the patient at the time of surgery and the
interval that has passed from the ictus to the operation.4 11 12
The optimum timing of surgical intervention remains a
matter for controversy, although positions have shifted with
time. Thirty years ago it was regarded as axiomatic that
surgery should be postponed for 10 days or more after the
ictus.5 13 Since then, there has been a clear trend towards
immediate or early surgery, at least for patients in the best
clinical grades and more recently even for those in a less good
condition as well,14 even though no randomised or controlled
trial has shown that early surgery leads to a better overall
outcome than delayed surgery.
R S M-W has remained in that minority of surgeons who
have adhered to the policy of delayed surgery. This has led to
a low postoperative mortality (2.1% at 30 days, 2.6% at 1 year
for all patients, including all grades). On the other hand, he
has found that approximately 3–4% of patients of grade 1–3
will die from theoretically preventable rebleeds while waiting
for the safe period.13 He believes that this figure would be
counterbalanced by an increase in mortality if he had
performed early surgery. Indeed, his occasional attempts at
early operation in selected patients has led to unsatisfactory
results, although it has to be said that this appears to be at
variance with the experience of many of his colleagues.
By the time of this present series, R S M-W had already
operated on almost 400 intracranial aneurysms and his
surgical experience may be said to have passed the initial
learning curve and to have reached a stable plateau. In
addition, the present series covered a period of stability. The
techniques of modern aneurysm management and operative
surgery were well established and were not undergoing any
significant change during this period. The principal advances
had been the introduction of the operating microscope and
spring release clips in the late 1960s and early 1970s, and
subsequent treatment designed to minimise the risk of
delayed ischaemia in the form of deliberate preoperative
hypervolaemia and the use of the calcium blocking agent
nimodipine.15–17
We report a 1 year surgical mortality of 2.6%, with 83.7% of
operated patients in GOS 5 and 89.5% in GOS 4 and 5
together. These results are comparable with other surgical
series with a similar case mix.4 6 9 10 18
The overall management figures at 1 year were a mortality
of 17.1%, 67.4% in GOS 5, and 74.3% in GOS 4 and 5 together.
However, these management results do not represent the
whole picture, as many additional patients would have died
before transfer to the neurosurgical unit, and the delays in
transfer would have had the effect of lowering the management mortality.
As stated above, at the present time the preliminary results
of the ISAT trial suggest that endovascular coiling gives rise
to immediate results that are superior to surgery for the
majority of aneurysms.6 Quite apart from this, there are clear
advantages to coiling, such as a shorter hospital stay, the
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avoidance of open surgical manipulation of the brain, and the
absence of postoperative epilepsy. In our present series,
although the surgical and management results may be
regarded as satisfactory, complications occurred in 29.4% of
patients, and 38 patients (20%) required surgery in addition
to the aneurysm operation. Although the great majority of
patients recovered from these complications and from these
additional procedures, it is likely that coiling will eliminate
most such complications and additional operations, although
there will of course still be patients who require treatment for
hydrocephalus.10 13 19
Nevertheless, it is by no means certain that long term
outcome of coiling will be as satisfactory as successful
clipping of an aneurysm. If a ruptured aneurysm can be fully
clipped as confirmed by postoperative angiography, then the
condition may be regarded as cured and the long term risk
recurrence of the aneurysm is negligible. The same does not
apply to coiling. Reformation of the sac and further bleeding
is known to occur in a handful of cases at least in the short
term even if a sac appears to have been completely occluded
at the time of initial coiling.6 20–22 The longer term risk of
recurrence after coiling is simply not known.
Thus, although the use of aneurysm surgery may decrease
in the short term, it is possible that it will experience a
renaissance at some time in the future. This being so, it
seemed to us to be an appropriate time to review the results
of routine aneurysm surgery in terms of both mortality and
morbidity in what might be regarded as average experienced
hands.
.....................
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