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ABSTRACT

Background: Patients with a history of SAH may be at risk for vascular events and excess
mortality.

Methods: We interviewed 752 patients (mean age 50 years, 67% women, mean follow-up 8.1
years) clipped between 1985 and 2001 after SAH who had been discharged home or to a
rehabilitation facility about new vascular events. We compared age- and sex-specific mortality after
SAH with that of the general population by standardized mortality ratios (SMR). The incidence of
vascular events in SAH patients was compared with that in patients after TIA or minor stroke.

Results: The SMR for SAH patients was 1.7 (95%Cl 1.4-2.1) overall and 3.2 (95%CI 0.8-13.1) for

patients <40 years. In the first 10 years after SAH the cumulative incidence of a vascular event was

11.2% (95%CI 7.0-14.4), which was lower (HR 0.43, 95%CI 0.33-0.57) than that in patients with a
minor stroke.

Conclusion: SAH patients who recover to a functional independent state have an excess mortality
compared with the general population. The risk of vascular events after SAH is lower than after

minor stroke, but higher than the population risks reported in the literature.



INTRODUCTION

Patients who recover after subarachnoid haemorrhage (SAH) with successful occlusion of the
ruptured aneurysm are believed to have a long-term outcome comparable to persons without a
history of SAH. However, former SAH patients are at risk of recurrent SAH from newly devel oped
aneurysms.[1] Furthermore, hypertension and smoking are not only risk factors for SAH but for
vascular diseases in general.[2] SAH patients might, therefore, have a reduced life-expectancy. We
studied the standardized mortality ratios (SMR) and the incidence of vascular events other than

recurrent SAH in alarge cohort of clipped patients who regained independence after SAH.



PATIENTSAND METHODS

From a prospectively collected database of SAH patients admitted to the University Medical Centre
Utrecht we included all patients admitted between 1985 and 2001 meeting the following criteria:
SAH confirmed by CT or lumbar puncture; presence of an aneurysm; clipping of al detected
aneurysms; age at time of SAH >20 years and discharge to home or a rehabilitation facility. After
approval of the hospital ethical committee we contacted the general practitioner of all eligible
patients on survival status. If a patient had died we asked for the cause of death. We invited patients
<70 years to the outpatient clinic by a letter; older patients were contacted by telephone. We asked

the patients about new vascular events other than recurrent SAH with a standardized interview.

Data-analysis Standar dized M ortality Ratios

We registered the number of patients who had died during follow-up (all causes). We used
Standardized Mortality Ratios (SMR) to investigate excess mortality in SAH patients compared
with the general population. Population based statistics of The Netherlands were used as reference
for calculation of the expected number of deaths.[3] Person-years of our cohort were calculated for
sex and age (5-year) strata. We adjusted for patients who changed from age stratum during follow
up. The expected number of deaths in our cohort was calculated by multiplying the age-sex specific
mortality rates of the reference population by the cumulative number of person-years in each
stratum. The sum of all categories yielded the expected number of deaths. The SMR is the ratio of
the observed number of deaths in our cohort to that of the expected number deaths based on the
general population. An SMR >1 means excess mortality compared with the reference population.

We calculated 95% confidence intervals (Cls) based on the Poisson distribution.



Data-analysis vascular events

The risk for vascular events was assessed by survival analysis. Primary outcome measure was the
composite event of death from all vascular causes (other than SAH), non-fatal stroke (other than
SAH) or non-fatal myocardia infarction (MI), whichever occurred first. Deaths from ischaemic
stroke, intracerebral haemorrhage (ICH), MI, congestive heart failure and sudden death were
classified as vascular death. Sudden death was defined as an unexpected death of presumed or
proven cardiac origin occurring within 1 hour after onset of symptoms, or within 24 hours given
convincing circumstantial evidence. Secondary outcome measure was the incidence of MI and
stroke other than SAH. All events were classified according to pre-defined criteria.[4] Transient
ischaemic attacks (TIAs) and recurrent SAH were not included as outcome events. We calculated
the cumulative incidence of all vascular events at 5, 10 and 15 years after SAH and compared this
incidence with that of patients after TIA/minor ischaemic stroke. The TIA/minor stroke patients
were derived from the LiLAC (Life Long After Cerebral ischaemia) study, in which 2473 patients
with TIA/minor ischaemic stroke were followed for the occurrence of new vascular events (mean
follow-up 10.1 years).[4,5] With Cox regression analysis we calculated the age-and-sex adjusted

hazard ratio (HR) of the vascular event risk in SAH patients compared with the LiLAC cohort.



RESULTS

Patients

Between 1985 and 2001 930 SAH patients were clipped and discharged alive; 154 did not meet the
inclusion criteria. Of the 776 remaining patients 24 (3%) could not be contacted. Therefore, for the
SMR calculations 752 patients were included (66% women, mean age 50 years; total follow-up
6064 patient-years, mean 8.1 years, range 0.2-20.1). For another 74 (9%) patients information on
vascular events was lacking. Thus, for the vascular event analyses 678 patients were included (total
follow-up 5525 patient-years). During follow-up 23 patients were censored because they moved

abroad (n=6) or were admitted to a nursing home for a non-vascular cause (n=17).

Standardized Mortality Ratios

Of the 752 patients 107 died during follow-up. The overall mortality rate was 1.8% (95%CI 1.4-
2.1%) per 1000 patient-years follow-up. Nine patients died suddenly before reaching the hospital.
The other causes of death were cancer in 21, recurrent SAH in 10, cardiovascular disease in 19 (11
of these 19 events fulfilled our pre-defined criteria for vascular event), other non-vascular diseases
in 23 and unknown cause in 25. The overall SMR was 1.7 (95%CI 1.4-2.1). The SMR was higher in

women and seemed to decrease with increasing age (Table 1).



Table 1. Standardized Mortality Ratios for SAH patients per different age and sex strata

Stratum No. patients  No. patient-  No. observed No. expected SMR (95%Cl)
years death (N) death (N)

Men

< 40 years 62 305 1 0.3 3.2 (0.5-23.3)

40-60 years 138 1110 10 5.7 1.8 (0.9-3.3)

> 60 years 51 691 27 22.9 1.2 (0.8-1.7)

Tota 251 2106 38 28.9 1.3 (0.9-1.8)

Women

< 40 years 93 469 1 0.3 3.2 (0.4-22.9)

40-60 years 274 2027 22 5.7 3.8 (255.9)

> 60 years 134 1462 46 27.8 1.7 (1.2-2.2)

Tota 501 3958 69 33.8 2.0 (1.6-2.6)

All

< 40 years 155 774 2 0.6 3.2 (0.8-13.1)

40-60 years 412 3137 R 114 2.8 (2.0-4.0)

> 60 years 185 2153 73 50.7 14 (1.1-1.8)

Total 752 6064 107 62.7 1.7 (1.4-2.1)

No. observed death = the number of patients who died during the follow-up time of our cohort

No. expected death = the number of patients expected to die during the follow-up time of our

cohort based on population desth rates



Vascular events

In 62 (9.1%, 95%CI 7.1-11.6%) of the 678 patients a vascular event had occurred: 27 patients had
an ischaemic stroke, 10 an ICH, 16 an M| and 9 a sudden death. The cumulative 5-year risk for
vascular events other than SAH was 4.5% (95%CI 2.8-6.1%) and the cumulative 10-year risk
11.2% (95%CI 7.0-14.4%). The age- and gender adjusted vascular event rate in SAH patients was
lower (HR 0.43, 95%CI 0.33-0.57) than in TIA/minor stroke patients (figure 1). The HR did not

change after adjustments for smoking and hypertension.



DISCUSSION

SAH patients have an increased long-term mortality rate compared with the general population,
especially women and young patients. In the first 10 years after SAH one of every nine patients
experienced a vascular event other than recurrent SAH.

The cause of the excess mortality in SAH patients remains unknown. Previously, we found that the
risk of recurrent SAH in clipped patients is 22 times higher compared with the genera
population.[1] The absolute risk, however, is relatively low (3.2% in the first 10 years after SAH)
and does not explain the excess mortality entirely. Another explanation is an increased risk of other
vascular events. Detailed individual population based data on stroke or MI incidences are currently
unavailable in the Netherlands. Some indirect comparisons with data from the literature, however,
can be made. The incidence of stroke (ischaemic or haemorrhagic) in our cohort was 6.7/1000
patient-years while the incidence of stroke at the age of 50 in the Netherlands is 1.3/1000 patient-
years for men and 1.0/1000 for women.[6] Our incidence of all vascular events (stroke, death and
MI) was 11/1000 patient-years while in a population of 91106 persons in Oxfordshire, this
incidence in persons 55-64 old was 5/1000 patient-years for men and 4/1000 patient-years for
women.[7] These indirect comparisons strongly suggest that the incidence of vascular events in

SAH patients is higher than that in the general population. A last reason for the excess mortality

might be an increased risk of infections and thrombo-embolic events during the first period of

recovery after discharge from the hospital.

Some limitations of our study need discussion. Firstly, information on vascular events was lacking
for 98 patients. The maority of these patients had died or were not approached because they
indicated in previous projects that they did not want to participate in future studies. Because death
or refusal of participation in research might be related to a worse health state, we might have

underestimated the risk of vascular events. Conversely, 9 of the 62 patients with a vascular event



other than SAH died suddenly presumably of cardiac arrest but we cannot completely rule out that

some of them died of arecurrent SAH or of pulmonary emboli. Including these patients might have

caused a slight overestimation of the risk of vascular events other than recurrent SAH. Secondly, we
focused on patients who recovered to an independent state. Our results, therefore, apply only to
patients discharged home or to a rehabilitation centre. In addition, we included only clipped
patients. It is, however, likely that the risk of vascular events other than recurrent SAH is the same
after coiling and clipping. Finally, because we used patients from a different study as comparison
one might question if follow-up of patients and outcome events were handled the same. However,
definition of outcome events was the same and investigators involved in the follow-up and the
ascertainment of outcome events in the present study also participated in the same processes in the
LiLAC study.

Because smoking and hypertension are risk factors for both recurrent SAH and other vascular
events, all SAH patients should be stimulated to quit smoking and have their blood pressure

regularly checked and treated if necessary. TIA patients are generally treated with cholesterol and

blood pressure lowering drugs in combination with anti-platel et therapy. Whether similar secondary

prevention is warranted in SAH patients needs further investigation.
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Figure 1. The age and sex adjusted cumulative incidence of patients with avascular event after

SAH (pink line) and after a TIA or minor stroke (blue line)
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