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FIG 4-Forearm blood flow before and after infusion
of 50 mg indomethacin Compared with basal value:
*P< 0-02.

Discussion

We found that indomethacin was highly effective against
postural hypotension in patients with idiopathic Parkinsonism.
The reduction of forearm blood flow and enhanced blood-
pressure response to the cold pressor test suggest that given
intravenously the drug causes vascular smooth-muscle constric-
tion both in basal conditions and after neuroadrenergic stimuli.

We cannot explain the effect of indomethacin in raising the
peripheral vascular resistance. The drug may, however, inhibit
the synthesis of prostaglandins and related substances, some of
which are potent vasodilators.6 8 This hypothesis may be the
case in Bartter's syndrome, in which the kidney produces
excessive amounts of prostaglandins. 9-11 Nevertheless, in normal
people and conditions in which excessive synthesis of prosta-
glandins does not occur a different mechanism of action of
indomethacin-that is, independent of prostaglandin metabo-
lism-cannot be a priori excluded.

Correspondence should be addressed to: Professor G Abate, Via G
Zaccherini Alvisi 8, 40138 Bologna, Italy.
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Oral contraceptives and fatal subarachnoid haemorrhage
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Summary and conclusions

A case-control study was conducted of the deaths from
subarachnoid haemorrhage (SAH) in women aged 15-44
in England and Wales in 1976. There was a small excess
of oral contraceptive use by the women who died from
SAH compared with their generally healthy practice-
matched controls; this was not, however, statistically
significant. Out of 134 women who died from SAH, 34
had a history of hypertension compared with only six of
their controls. Renal disease and pre-eclamptic toxaemia
were more commonly associated with hypertension in the
dead women than in controls.
No change in the annual mortality from SAH has been

observed in the past 20 years such as might have been
expected if the risks were high. Although current or past
use of oral contraceptives may have increased the blood
pressure and risk of SAH in a few women, the most
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important factor in determining this risk was hyper-
tension. SAH should thus probably not be regarded as a
serious cause for concern in healthy non-hypertensive
women using oral contraceptives.

Introduction

In October 1977 an analysis in the study of oral contraceptives
carried out by the Royal College of General Practitioners
(RCGP) of deaths among women suggested that there might be
a strong association between the use of the "pill" and fatal
cerebrovascular disease.' Ten women who had used the pill at
any time during the eight years of the study had died compared
with only three controls who had never used the pill, and, of
these 10 deaths, nine were from subarachnoid haemorrhage
(SAH) compared with none of the deaths in the controls. The
mortality rates from SAH were estimated to be 9 3 and 15-9/
100 000 woman-years among current and ex-users of oral
contraceptives respectively.

Since perhaps as many as one-third of all women of child-
bearing age were using oral contraceptives while a further one-
third may have used them in the past it would have been
expected that such a large risk would have been reflected in the
national mortality statistics published by the Office of Population
Censuses and Surveys (OPCS). No such increase in deaths was
apparent, and it was therefore decided to conduct a further study
of deaths from SAH in the female population of England and
Wales.
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Methods

Photocopies of the death entries, which include all the information
provided in death certificates, for all women aged 15-44 who died in
England and Wales in 1976 that mentioned SAH (ICD 4309) were
provided by the OPCS. All the entries for women aged 15-34 and
alternate entries for women aged 35-44 were selected for further study.
In each case an attempt was made to interview the patient's general
practitioner, who was identified with the help of a coroner, a hospital
medical records officer, or a local family practitioner committee. When
possible the general practitioner was interviewed by one of the
medically qualified fieldworkers of the Committee on Safety of
Medicines. A questionnaire was completed by the fieldworker using
the practice notes, in which the use of sex hormones and other details
were recorded. At the interview, starting from the position in the
medical file that would have been occupied by the notes of the dead
woman (the case), the files were scanned until the records of a living
woman (control) who matched the dead woman to within five years
of age were located. These records were then used to provide the same
data for control purposes irrespective of whether or not the practi-
tioner thought she was suitable or considered his files to be adequate
for this purpose.

Altogether 286 death entries were supplied by the OPCS, which
were sorted into five-year groups according to the age of the dead
patient at her last birthday. Ninety-eight women were aged 15-34, of
whom all were studied, and 188 were aged 35-44, of whom only
alternate cases were studied. The age of one 32-year-old woman was
incorrectly shown as 44 years in her death entry: the age distribution
above thus differs by one patient from the published OPCS statistics
for 1976. It was not possible to interview the general practitioners of
58 of the 192 dead women who were selected. In 15 cases the family
practitioner committees were unable to trace the doctor. In a further
12 the doctor refused to be interviewed (seven cases), had no relevant
records (three), had retired (one), or died (one). In seven cases
interviewing would have entailed travelling too great a distance.
One patient was an unregistered visitor from overseas, and in five cases
failure to make contact was due to administrative errors. Nine doctors
failed to provide a suitably matched control, and nine were unable to
give details of contraceptive practice. The records of 134 matched pairs
of patients were thus available for further analysis (table I), and the
overall failure rate for the procedure was 30.O-

TABLE I-Age distribution of matched pairs of women. (Figures are numbers of
pairs studied)

Age (years) All
ages

15-19 20-24 25-29 30-34 35-39 40-44

Total deaths 11 15 35 37 68 120 286
Follow-up attempted 11 15 35 37 34 60 192
Follow-up failed 1 2 10 10 5 12 40
Cases or controls not

properly matched 3 2 1 2 3 7 18

Matched pairs available for
assessment 7 11 24 25 26 41 134

Results

MATCHING

Although it was intended that cases and controls would be matched
only for age, the matching in other respects was also close. For
example, 114 (850) of the cases and 117 (87% ) of the controls were
married or living as married, 25 cases and 25 controls were nulliparous,
and in parous women the average number of pregnancies proceeding
beyond 28 weeks was 2 21 in both groups.

DIAGNOSES OF SAH

In 84 cases (630o) the clinical or angiographic findings had been
confirmed at necropsy. Of the 50 women who did not come to
necropsy, nine had aneurysms that had been confirmed by angiography
of computed tomography. In all the cases studied by interview it was
confirmed that the correct clinical diagnosis was most likely to have
been SAH.

Previous SAH-Five patients had suffered an SAH between two
and 23 years before death. Of these, two had never used oral contra-
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ceptives, but three had started taking them three, four, and 13 years
respectively after the first haemorrhage. One patient was still taking
oral contraceptives at the time of death from recurrent haemorrhage.
Three, including one user, were known to have been hypertensive.

HYPERTENSION, RENAL DISEASE, AND PRE-ECLAMPTIC TOXAEMIA

More dead women than controls had a history of hypertension
(systolic blood pressure > 150 mm Hg). Others had a history of renal
disease or pre-eclamptic toxaemia, often associated with hypertension.
Table II shows the distribution of these diseases. Any mention of
these diagnoses in the patient's notes qualified for inclusion in this
table except when hypertension had developed after the haemorrhage.
Some women had severe hypertension-for example, 210/140 mm Hg
-despite treatment with antihypertensive drugs, suggesting poor
compliance. Renal disease or pre-eclamptic toxaemia, or both, were
more often associated with hypertension in the cases than controls;
otherwise these two diagnoses appeared to be evenly distributed
between both sets of patients and in the analysis below are not con-
sidered separately. Thirty-six of the dead women and only six controls
had a history of hypertension.

TABLE II-Number of women in whom hypertension, renal disease, and pre-
eclamptic toxaemia were diagnosed in general-practice notes

Diagnosis No of No of
cases controls

Hypertension .16 5
Hypertension and renal disease. 8
Hypertension and pre-eclamptic toxaemia. . 8 1
Hypertension, renal disease, and pre-eclamptic toxaemia. . 2
Renal disease 4 4
Renal disease and pre-eclamptic toxaemia. 1
Pre-eclamptic toxaemia .11 11

Total 50 21

OTHER MEDICAL CONDITIONS

Many different diagnoses were recorded in the notes. Five cases
(one of whom had used oral contraceptives) were epileptic compared
with one control (a user). Five cases had suffered from migraine
(including one user) compared with one control (a user). Seven cases
(four users) and eight controls (five users) had a history of acute
depression. Three cases (two users) and three controls (one user) had a
history of gall-bladder disease. One case (a user) and three controls
(two users) had had thyroid disease. Two cases and two controls (all
users) had had benign breast lesions removed surgically.

USE OF ORAL CONTRACEPTIVES

Many doctors had records of prescriptions for oral contraceptives,
but some were not always certain that the woman was taking them
up to the time of death. In this analysis "current use" includes women
known to have been using oral contraceptives up to the time of death
and those who were prescribed oral contraceptives within three months
before death in amounts adequate to cover that period. Otherwise the
women were classed as "ever users" or "non-users."
The current use of oral contraceptives as defined above was known

in 109 matched pairs. Table III shows their distribution in relation to
the diagnosis of hypertension. It is appropriate only to compare like
with like and to analyse pairs in which hypertension was diagnosed in
both or neither member. In pairs in which neither member was
hypertensive there was a small excess of oral contraceptive use among
the cases. In pairs in which one or both members were hypertensive
there was a negative correlation between oral contraceptive use and
hypertension, suggesting that some doctors regard hypertension as a
contraindication to the use of oral contraceptives. The relative risk
for discordant pairs (neither member hypertensive) was 136 (9500
confidence limits 0 64-2 92). For diagnostically "proved" cases the
relative risk was 1 22 (95% confidence limits 0 46-3 33). None of
the differences was statistically significant.

Because of uncertainty about current use of oral contraceptives in
some cases and controls only 109 of the matched pairs could be
used for the above analysis. Ever-use, however, was known for all 134
pairs, for whom table IV shows a similar analysis. In non-hypertensive
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TABLE III-Current use of oral contraceptives by 109 pairs of women related to
diagnosis of hypertension. Proved cases of SAH shown in parentheses

Oral contraceptives currently used by:
Total

Hypertension in: Case and Case Control No of
control only only Neither pairs

Case and control 0 (0) 0 (0) 1 (1) 2 (2) 3 (3)
Case only 1 (0) 2 (2) 6 (2) 20 (18) 29 (22)
Control only 0 (0) 0 (0) 0 (0) 2 (1) 2 (1)
Neither member of pair 11 (8) 19 (11) 14 (9) 31 (23) 75 (51)

TABLE Iv-Use of oral contraceptive at any time by 134 pairs of women related
to diagnosis of hypertension. Proved cases of SAH shown in parentheses

Oral contraceptives used at any time by:
Total

Hypertension in: Case and Case Control No of
control only only Neither pairs

Case and control 0 (0) 0 (0) 2 (2) 1 (1) 3 (3)
Case only 9 (5) 6 (4) 6 (3) 10 (10) 31 (22)
Control only 1 (0) 0 (0) 0 (0) 2 (1) 3 (1)
Neither 41 (28) 24 (17) 16 (12) 16 (10) 97 (67)

pairs there was a moderate excess of oral contraceptive use among the
cases, which was not statistically significant. The relative risk for
discordant pairs was 1 5 (950o confidence limits 0 76-3 02). For
proved cases the relative risk was 142 (950o confidence limits 0-64-
3 26). Nineteen of the dead women and three controls with hyper-
tension had never used oral contraceptives. Five of the dead women
had begun oral contraceptives after hypertension had been diagnosed,
and one of them was still using them against the advice of her doctor
up to the time of death. Ten of the dead women and three controls
had developed hypertension after oral contraceptives were prescribed,
and in two of the cases these were still being taken up to the time of
death.
The brand of oral contraceptive used at the time of death by 33

current users and their matched controls was noted. The distribution
among cases and controls was unremarkable. In 12 pairs in which
both the case and control were current users the doctor had prescribed
the same brand for both members of the pair in only three. No
dose-related trend was apparent, any differences merely reflecting
the relative sales of oral contraceptives in 1976.

SMOKING

The smoking habits of nearly two-thirds of the women were not
known but had been recorded in the notes of more dead women than
controls, probably because of the assumed association between smoking
and hypertension. Out of 17 cases with hypertension for whom
smoking habit was recorded, 15 (88% ) were smokers; overali, 45 out of
57 dead women (790/% ) and 22 out of 43 controls (51 %) were smokers,
but records are more likely to include whether a person is a smoker
than a non-smoker so no firm conclusions can be drawn about the role
of smoking as a risk factor in SAH.

Discussion

A few reports have suggested that the incidence of haemor-
rhagic stroke may be increased by the use of oral contraceptives.
The number of events reported in some of these studies has been
small. In the largest study, conducted in the United States, the
Collaborative Group for the Study of Stroke in Young Women2
found that the relative risk of haemorrhagic stroke in non-
hypertensive women who used oral contraceptives was 1-8. In
hypertensive women the risk increased with the severity of
hypertension to 21-6 in non-users and 25-7 in users whose
systolic blood pressures exceeded 180 mm Hg. As in this study
hypertension was apparently a more important risk factor than
the use of oral contraceptives. Smoking was also found to
increase the risk. Of the 430 women in the collaborative study,
196 had had haemorrhagic stroke (105 with aneurysms, 21 with
intracerebral haematoma, and 70 with unspecified intracranial

bleeding). The relative risks could not be determined separately
for cases of SAH.

In the prospective study carried out by the RCGP1 in which a
group of 23 000 women using oral contraceptives and a similar
number of non-users were studied for a period equivalent to
200 000 women-years of observation, there were six deaths from
cerebrovascular disease among current users, four deaths among
ex-users, and three deaths among non-users. This gave a risk
ratio among ever-users of 4-7. Of the 10 deaths of ever-users,
nine were attributed to SAH compared with none of the deaths
of the controls. The mortality rates were estimated to be 9 3 and
15 9/100 000 women-years in current and ex-users respectively.
In contrast to the results of the collaborative group and the
present study hypertension did not appear to be correlated with
the deaths attributed to SAH as judged by examination of the
patients' notes.

In the Kaiser-Permante contraceptive study3 11 cases of SAH
occurred among a group of nearly 18 000 women. It was not
reported how many of these were fatal, but ruptured aneurysms
had been confirmed by angiography, operation, or necropsy. Out
of 11 women with SAH, four were current users aged 33, 35,
39, and 50; five were ex-users aged 37, 51, 54, 56, and 58; and
two had never used oral contraceptives and were aged 49 and
55. Thus in only four of these 11 cases were the women within
the age range covered by the present study. Each case had been
matched with groups varying in number from about 200 to over
500 women born in the same year. In four (3600) of the cases
the women were current users in contrast to 10%' of the age-
matched controls (P < 0 05). The relative risk was calculated to
be 6 5. Eight (730°0) of the 11 women were smokers compared
with 33°o of the controls. It would seem advisable to be cautious
when attempting to draw conclusions from such small numbers
of events.
The national vital statistics for the United Kingdom4 show no

evidence of any increase in mortality from SAH, even though
perhaps one-third of the 9 500 000 women of childbearing age
in the UK are currently using oral contraceptives, while two-
thirds have used them at some time as judged by the controls in
the study reported here. An increase in the risk of SAH as large
as that suggested by the RCGP might have been reflected by a
substantial increase in deaths from this cause. The annual
mortality from SAH in women of childbearing age (15-44) in
England and Wales during the 20 years 1957-76, however, has
remained remarkably constant at about 3/10 000 (range 2 6-3-6).4
While current or past use of oral contraceptives may have

increased the blood pressure and the risk of SAH in a few
women, hypertension independent of oral contraceptive use is
the most important factor in determining the risk of SAH.
Although it would be prudent to monitor the blood pressure of
women using oral contraceptives and to change the method of
contraception for those whose hypertension cannot be controlled,
SAH should probably not be regarded as a serious cause for
concern in healthy non-hypertensive women using the pill.
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of the Committee on Safety of Medicines and the subcommittee on
adverse reactions for their help. Especially I thank Professor Martin
Vessey for his detailed comments and Mr Peter Smith of Oxford
University for statistical help.
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