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Abstract
Objective—The aim of this study was to
investigate prospectively in an unselected
series of patients with an aneurysmal subarachnoid haemorrhage what at present
the complications are, what the outcome
is, how many of these patients have “modern treatment”—that is, early obliteration
of the aneurysm and treatment with
calcium antagonists—what factors cause a
delay in surgical or endovascular treatment, and what the estimated eVect on
outcome will be of improved treatment.
Methods—A prospective, observational
cohort study of all patients with aneurysmal subarachnoid haemorrhage in the
hospitals of a specified region in The
Netherlands. The condition on admission,
diagnostic procedures, and treatments
were recorded. If a patient had a clinical
deterioration, the change in Glasgow
coma score (GCS), the presence of focal
neurological signs, the results of additional investigations, and the final diagnosed cause of the deterioration were
recorded.
Clinical outcome was assessed with the
Glasgow outcome scale (GOS) at 3 month
follow up. In patients with poor outcome
at follow up, the cause was diagnosed.
Results—Of the 110 patients, 47 (43%) had
a poor outcome. Cerebral ischaemia, 31
patients (28%), was the most often occurring complication. Major causes of poor
outcome were the eVects of the initial
haemorrhage and rebleeding in 34% and
30% of the patients with poor outcome
respectively. Of all patients 102 (93%) were
treated with calcium antagonists and 45
(41%) patients had early treatment to
obliterate the aneurysm. The major
causes of delay of treatment were a poor
condition on admission or deterioration
shortly after admission, in 31% and 23%
respectively.
Conclusions—In two thirds of the patients
with poor outcome the causes of poor outcome are the eVects of the initial bleeding
and rebleeding. Improved treatment of
delayed or postoperative ischaemia will
have only minor eVects on the outcome of
patients with subarachnoid haemorrhage.
(J Neurol Neurosurg Psychiatry 2000;68:337–341)
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Reviews on aneurysmal subarachnoid haemorrhage suggest that with modern treatment
strategies, cerebral ischaemia is the only
complication that has remained as a cause of
poor outcome.1 The modern treatment includes treatment with calcium antagonists,
such as nimodipine, to prevent cerebral ischaemia, and by far the most important, the
prevention of rebleeding by occlusion of the
aneurysm within 3 days after the initial
bleeding.2–4
In a previous study, however, we found that
in neurosurgical centres using modern treatment strategies, despite the aim to prevent
rebleeding by early surgery, 45% of the patients
was not operated on within 3 days after the initial aneurysmal subarachnoid haemorrhage
and that rebleeding was still the major cause of
poor outcome.5 Similar results were found in
two recently published population based studies in King County, USA and in greater
Cincinnati, USA.6 7 None of these studies,
however, investigated which factors caused the
delay in surgery.
The aim of the present study was therefore to
reconfirm in an unselected regional cohort of
patients with aneurysmal subarachnoid haemorrhage our previous results concerning the
timing of surgery and to investigate prospectively which factors are actually responsible for
the delay in surgery. Additionally, we investigated how many patients are treated nowadays
with calcium antagonists to prevent cerebral
ischaemia, what the complications after aneurysmal subarachnoid haemorrhage are at
present, and what the outcome of patients is in
such a series. Finally, we estimated what the
eVect might be of improved treatment of complications after subarachnoid haemorrhage on
the final outcome.
Patients and methods
STUDY DESIGN

The study design was a prospective cohort study
of consecutively admitted patients with aneurysmal subarachnoid haemorrhage in all hospitals
in two regions of the Netherlands, NoordHolland and Flevoland (appendix). According
to oYcial figures from the Dutch Central
Bureau of Statistics (CBS), a governmental
institution, this region has about 2 000 000
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PATIENT SELECTION

All patients with the diagnosis of aneurysmal
subarachnoid haemorrhage, primarily admitted in the participating centres, were prospectively studied during a 1 year period (February
1996-February 1997). The diagnosis was
based on clinical signs and symptoms and an
aneurysmal bleeding pattern on the initial
CT.10 If the initial CT was negative and subsequent CSF examination positive (xanthochromia confirmed by spectrophotometry) an
aneurysm had to be confirmed by angiography
before the patient could be included.11 Patients
with a perimesencephalic bleeding pattern or
another non-aneurysmal pattern of haemorrhage on CT were excluded.12
DATA COLLECTION AND MANAGEMENT

Data registration was done in the participating
centres by two research nurses on two portable
personal computers equipped with an electronic case record form/database program specially developed for this study. This program
generated electronic forms in which all patients’ data were directly recorded.
Registration of baseline and clinical data
started on admission in the hospital where the
patient was seen initially. The following baseline characteristics were recorded: age; sex;
date of aneurysmal subarachnoid haemorrhage, and date of admission. Clinical details
recorded at baseline were the Glasgow coma
scale (GCS) and the grade of subarachnoid
haemorrhage (World Federation of Neurological Surgeons (WFNS)) score on admission13 14;
the results of CT, CSF examination, and the
location(s) of (an) aneurysm(s) on angiography.
After admission patients were followed up on
a day to day basis during their whole period in
hospital. All details on treatments used and
management strategies (such as fluid management, drug therapies, operative interventions,
consulted specialists, and transfers to other
hospitals or other wards such as intensive care)
and all additional diagnostic procedures (like
blood samples, radiological investigations)
were recorded.
Every time a patient had a clinical deterioration an additional form was filled out: the date
of the deterioration, the change in GCS, the

onset of the deterioration (sudden versus
gradually), the presence of focal neurological
signs, and the final diagnosed cause of the
deterioration after appropriate investigations
were recorded. The final assessment of patient’s complication was performed by two of
us (YR and MV), using clinical data, CT data,
and necropsy results. Rebleeding and delayed
cerebral ischaemia were defined as previously
described as definite rebleeding or probable
rebleeding and definite infarction or probable
infarction.15 Hydrocephalus was defined as the
gradual deterioration of consciousness with
CT evidence of hydrocephalus and no other
explanation for deterioration.15 Postoperative
ischaemia was defined as a change in the level
of consciousness or the development of focal
neurological signs noticed immediately after
recovery from anaesthesia compared with the
preoperative status, with no evidence of
rebleeding or hydrocephalus on CT or at
necropsy
Functional health outcome was assessed
with the Glasgow outcome scale (GOS).16 The
GOS is an index score ranging from 1 (death)
to 5 (good recovery). Death, persistent vegetative state, and severe disability on the GOS
were combined as poor outcome and moderate
disability and good recovery were recorded on
the study forms as good outcome. In patients
with poor outcome at 3 month follow up, one
of us (YR) reviewed the medical record of the
patient to determine and categorise the actual
cause for this poor outcome in five major
categories: initial bleed; rebleeding; cerebral
ischaemia; operative complications or other
(non-neurological) complications, which had
to be specified. Poor outcome caused by the
eVect of the initial bleeding was defined as
impaired consciousness or focal neurological
signs existing since the initial bleed, without
signs of rebleeding, ischaemia, or hydrocephalus on CT or at necropsy.
ETHICAL CONSIDERATIONS

The study protocol was approved by the local
legal advisor or ethics committee of each
participating centre. Informed consent was
asked for in all patients (or legal representative)
with the exception of those who died shortly
after admission, in which case there was no
need for active participation of the patients or
their relatives.
During the whole study period patients were
identified by a unique patient identification
number (PIN) to protect privacy. The code key
to this PIN number remained the responsibility
of the treating physician of the hospital where
the patient was first seen during the study
period and was destroyed after completion of
the whole data set.
Results
During the 1 year study period 110 patients
with an aneurysmal subarachnoid haemorrhage were admitted to the participating
regional hospitals and neurosurgical centres.
Table 1 shows the baseline characteristics of
these patients, which are comparable with
baseline characteristics in other population
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inhabitants. All 12 regional hospitals in this
region refer their patients with aneurysmal subarachnoid haemorrhage for neurosurgical interventions to the three neurosurgical units in
Amsterdam. These neurosurgical units are all
situated less than 85 km (50 miles) from the
most remote regional hospital. All three neurosurgical units adhere to the same management
protocol which includes treatment with the calcium antagonist nimodipine (2 mg/hour intravenously or 6×60 mg/day orally), hypervolaemic,
hypertensive treatment to prevent delayed cerebral ischaemia (minimum of 3 l fluid intake
daily), and early surgery to prevent
rebleeding.4 8 9 The three neurosurgical units in
Amsterdam are all teaching hospitals and within
each centre at least three neurosurgeons operate
on cerebral aneurysms.
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Baseline characteristics (n=110 patients)

Age (mean y, range)
Males (n)
Females (n)
Glasgow coma score on admission
(median, range)
WFNS (%):
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Time lapse between SAH and admission
(median days)

56 (29–89)
39
71
14 (3–15)
46
24
0
21
9
0

SAH=subarachnoid haemorrhage.

Table 2

Complications after admission

Rebleeding
Delayed cerebral ischaemia
Post operative ischaemia
Other

n=67

%

% of patients with
poor outcome caused
by this complication

18
19
12
18

16
17
11
16

78
42
25
34

studies in aneurysmal subarachnoid haemorrhage. Because the study region covered by the
participating hospitals has about 2 000 000
inhabitants, this hospital based study shows a
yearly aneurysmal subarachnoid haemorrhage
incidence of 5.5 patients/100 000 inhabitants.
Table 2 shows the occurrence of complications after admission. There were more patients with cerebral ischaemia than with
rebleeds but rebleeding had more impact on
outcome. In 78% of the patients who had a
rebleed this complication was the cause of poor
outcome, whereas other complications caused
a poor outcome less often. Of the complications in the “other” group, hydrocephalus was
that most often occurring.
In the group of 18 patients with a rebleed,
seven had this complication within 2 days after
the initial haemorrhage, four on the day of the
haemorrhage. Five rebleeds occurred in patients in whom treatment of the aneurysm had
been postponed. In three patients with a
rebleed, the initial bleed had not been recognised as an aneurysmal subarachnoid haemorrhage. Two patients had a rebleed during
surgery and one after surgery. One patient had
a rebleed after a negative angiography. Ten of
the 18 patients who had a rebleeding were in a
good clinical condition (WFNS 1 or 2) when
surgery was considered. In this group of “good
grade” patients, four patients had the rebleed
on the day of the initial bleeding, two on the
next day, and one during surgery. Three
patients had a delay in surgery because the initial aneurysmal subarachnoid haemorrhage
had not been recognised and the last patient
had a negative first angiography.
Of all patients 47 (43%) had poor outcome,
as expected outcome was related to the clinical
condition on admission; 24 of the 77
“goodgrade” (WFNS 1 or 2) patients (31%)
had a poor outcome. Table 3 shows the causes
of poor outcome. In two thirds of the patients
with poor outcome, the cause was the eVect of
the initial haemorrhage or rebleeding.
Table 4 shows the timing of both surgery and
coiling to occlude the aneurysm. During the

inclusion period (February 1996-February
1997) coiling of aneurysms in the acute phase
just started in this region of The Netherlands.
Three patients had coils placed within 3 days
after their SAH. Another seven patients had
coiling of their aneurysm after a delay of at least
3 days. In these patients the aneurysm was
firstly considered unsuitable for surgery; thereafter the question was whether coiling was an
option. This led to delayed coiling due to
delayed consultation. Surgical clipping was the
preferred treatment to occlude the aneurysm in
66 patients (60%). However, in 24 of these
patients (36% of the patients with surgery)
surgery was postponed for more than 3 days
after aneurysmal subarachnoid haemorrhage
and 34 of all patients (31%) had no surgery or
coiling of the aneurysm.
In 102 (93%) of the patients treatment with
calcium antagonists was started. In seven of the
remaining eight patients calcium antagonists
were not given because these patients were in a
poor clinical condition on admission; all died
within 3 days after the initial bleeding.
Table 5 lists the causes of delay of treatment
to occlude the aneurysm. Deterioration after
admission included rebleeding, ischaemia, and
hydrocephalus. Delay in referral to the neurosurgical centre was caused by a delay in recognition of the aneurysmal subarachnoid haemorrhage before admission in five patients and in
four patients after admission to the regional
hospital. Of the eight patients with a negative
angiogram, in two an aneurysm was demonstrated after angiography had been repeated. In
10 patients the aneurysm was considered diYcult to operate on and in seven patients coiling
was preferred. The planning of this procedure
led to delayed treatment.
Table 3

Causes of poor outcome

Initial bleed
Rebleeding
Delayed cerebral ischaemia
Post operative ischaemia
Other

Table 4

n=47

%

16
14
8
3
6

34
30
17
6
13

Treatment to occlude the aneurysm

Surgery
Within 3 days
After 3 days
Coiling
Within 3 days
After 3 days
No surgery or coiling

No of
patients

% of total
n=110

66
42
24
10
3
7
34

60
9
31

Table 5 Causes of delayed treatment to occlude the
aneurysm

Poor condition on admission
Deterioration after admission
Delay in referral
Negative angiography
Complex aneurysm
Logistic
Total

n

%

20
15
9
8
10
3
65

31
23
14
12
15
5
100
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mia developed unrelated to surgery or during
or immediately after surgery, the reduction of
poor outcome will probably be less than 15%.
However, these reductions are diYcult to
achieve. This study shows that treatment to
prevent rebleeding is usually postponed because of the poor clinical condition of the
patient on admission or because of deterioration shortly after admission. The results of surgery in this group of patients are less good than
in patients who undergo surgery in a better
condition. Moreover, in this group of patients
outcome may be poor despite prevention of
rebleeding, therefore the impact of surgery on
outcome will probably be much less than the
above estimated 15%. In this study only three
of the 18 rebleeds could have been prevented if
surgery had been performed in all good grade
patients on the same day that the aneurysm was
demonstrated. It might be that better results
can be achieved by using endovascular techniques to occlude the aneurysm in the acute
phase, but also with this treatment the
devastating eVects of the initial bleed or early
complications will remain.
A new eVective treatment for cerebral
ischaemia might have a diVerent impact in the
diVerent types of cerebral ischaemia, as the
mechanism of postoperative ischaemic damage
is probably not the same as in delayed cerebral
ischaemia. If treatment works only on delayed
cerebral ischaemia and is very eVective by
reducing half of the occurrences of this type of
ischaemia, the reduction of poor outcome will
not be more than 10%. If the eVectiveness is
less—for instance a 30% reduction of cerebral
ischaemia, which is still considerable—it will be
extremely diYcult to demonstrate an eVect of
this treatment on outcome. To demonstrate a
beneficial eVect of such a treatment on
outcome at least 2825 patients have to be randomised in a controlled trial. An even larger
number of patients would be necessary if treatment is eVective on postoperative ischaemia
only.
The results of this study do not support the
suggestion expressed in reviews that with modern treatment, delayed cerebral ischaemia is the
only problem that has to be dealt with to
improve outcome in patients with aneurysmal
subarachnoid haemorrhage. The explanation is
that in two thirds of the patients with poor outcome the causes are the eVects of the initial
bleeding and rebleeding. Only if these eVects
can be reduced, will the outcome of all patients
improve. Further improvement of the treatment of delayed cerebral and postoperative
ischaemia will only have minor eVects on the
outcome of patients with aneurysmal subarachnoid haemorrhage.
We thank M Mechielsen and A Vet for their excellent data management. We also thank the pharmaceutical firm Pharmacia and
Upjohn for their financial support of this study.
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Discussion
The incidence of aneurysmal subarachnoid
haemorrhage found in this study, 5.5/100 000 a
year, is not much diVerent from estimates of
this incidence in the Dutch population. Apparently, few patients die before reaching hospital
and in a few patients aneurysmal subarachnoid
haemorrhage is not recognised. Similarly, in a
population based study from King County,
Washington, USA only 3% of patients with
aneurysmal subarachnoid haemorrhage had
died before admission.6 Therefore, the results
of this study are probably representative for all
patients with aneurysmal subarachnoid haemorrhage.
The most often occurring complication is
cerebral ischaemia, but the proportion of
patients with a rebleed is still 16%. However,
cerebral ischaemia is not the major cause of
poor outcome as the eVects of the initial bleed
and rebleeding account for two thirds of all
poor outcomes.
This study shows that despite aiming at
modern treatment strategies the proportion of
patients with poor outcome is still 43%. This
percentage is much higher than in other studies
but these studies have usually been carried out
in neurosurgical centres and often consist of
randomised clinical trials. Therefore, these figures come from highly selected groups of
patients.
Modern treatment consists of early obliteration of the aneurysm and administration of
calcium antagonists. Calcium antagonists were
given to most of the patients (93%) but early
treatment of the aneurysm was carried out in
less than half.
We expected that logistic reasons such as, for
instance, a delay in angiography at the department of radiology or diYculties in finding an
available theatre or a surgeon on short notice
would be the major causes of delay. Logistic
reasons however, seemed to play hardly any
part. The major causes of delaying treatment
were the condition of the patient on admission
and deterioration from complications such as
rebleeding and ischaemia occurring before the
planned surgery or coiling to occlude the
aneurysm.
The proportion of patients with a rebleed is
still high but not all these rebleeds can be prevented by early treatment of the aneurysm. In
the group of 18 patients with a rebleeding, in
seven this occurred within 2 days of the initial
haemorrhage and in two during surgery. Very
rigorous treatment to occlude the aneurysm as
early as possible in all patients, irrespective of
the clinical condition on admission, may half
the number of patients with rebleeding. As
rebleeding is the cause of poor outcome in
about 30% of the patients, this management
would lead to a reduction of poor outcome in
about 15%.
Similarly, if it is possible to reduce the
occurrence of cerebral ischaemia by 50% by a
new treatment, irrespective of whether ischae-
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