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Prospective study of sentinel headache in aneurysmal
subarachnoid haemorrhage

Summary
Retrospective surveys of patients with subarachnoid

haemorrhage suggest that minor episodes with sudden

headache (warning leaks) may precede rupture of an

aneurysm, and that early recognition and surgery might lead to
improved outcome. We studied 148 patients with sudden and
severe headache (possible sentinel headache) seen by 252
general practitioners in a 5-year period in the Netherlands.
Subarachnoid haemorrhage was the cause in 37 patients

(25%) (proven aneurysm in 21, negative angiogram in 6, no
angiogram done in 6, sudden headache followed by death in
4). 103 patients had headache as the only symptom, 12 of
whom proved to have subarachnoid haemorrhage (6 with a
ruptured aneurysm). Previous bouts of sudden headache had
occurred in only 2. Other serious neurological conditions were
diagnosed in 18. In the remaining 93, no underlying cause of
headache was found; follow-up over 1 year showed no

subsequent subarachnoid haemorrhage or sudden death. In
this cohort, acute, severe headache in general practice
indicated a serious neurological disorder in 37% (95% Cl
29-45%), and subarachnoid haemorrhage in 25% (18-32%).
12% (5-18%) of those with headache as the only symptom.
The notion of warning leaks as a less serious variant of

subarachnoid haemorrhage is not supported by this study.
Early recognition of subarachnoid haemorrhage is important
but will probably have only limited impact on the outcome in the
general population.
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Introduction

Acute severe headache is uncommon in general practice.
The proportion of serious underlying disorders is
unknown. In community-based series of aneurysmal
subarachnoid haemorrhage (SAH) the mortality is about
50%, despite the introduction of microsurgery and

improvements in medical management. 2 Many
neurosurgeons and neurologists consider that early
recognition of warning leaks, followed by emergency
clipping of the aneurysm would be an advance in the
treatment of subarachnoid haemorrhage. It is widely
assumed that such minor bleeds precede a catastrophic
event. Many patients with SAH recall a previous episode of
headache that was unexpectedly severe, lasted several

hours, and was sometimes accompanied by transient loss of
consciousness, transient focal deficits, or neck stiffness. 3-8 *

In a case-control study we found that approximately 40 % of
patients admitted with SAH reported previous episodes of
severe headache, compared with only 1 of 20 patients
admitted with cerebral infarction and none of 100 admitted
with a non-neurological disorder.8 However, inquiries about
these so-called warning leaks were made retrospectively and
were hospital based .3-8 It is not known whether a warning
leak in SAH can be identified in general practice.

In the Netherlands virtually all medical disorders are first
seen by general practitioners. We therefore initiated a
prospective study of unusually severe acute headache in
general practice.

Patients and methods

From January, 1988, to January, 1993, 252 general practitioners
were asked to report to the trial centre in Utrecht all patients with
sudden severe headache and also to record all other patients with
proven aneurysmal subarachnoid haemorrhage and cases of
sudden death.
The study started with 60 general practitioners, allied to the

Netherlands Institute of Primary Health Care,9 a network of
general practitioners was covers 1 % (about 150 000) of the
population and includes representatives in large cities and rural
areas throughout the Netherlands. In 1990 and 1991 the number of
general practitioners was increased to include general practitioners
from the cities of Utrecht (approximately 230 000 inhabitants) and
Breda (approximately 125 000). The size of a general practice
averages about 2500 patients. For each year of the study the size of
the population at risk was calculated, with adjustments for the
number of participating practitioners and how long they had
participated (table).

Patients were eligible if they attended the general practitioner’s
office or asked for a house call because of a sudden severe headache
that started within one min or less and lasted for at least one hour.

Vomiting, loss of consciousness, seizures, diplopia, weakness, and
speech disorder were recorded, and patients were asked about
previous similar headaches. The level of consciousness was graded
according to the Glasgow Coma Scale from 3 to 14.10 Referal to a
neurologist was left to the discretion of the practitioner. All
patients were followed up for a year.
Once a year we collected information from participating

practices about other patients with SAH about whom we had not
been notified, usually because these patients had been seen by



*Presentation other than with headache, seen by locum practitioner, or for other reasons not
reported to the study office, including 1 patient found after completion of the study.
tl had SAH on necropsy.

Table : incidence of SAH and sudden death In the registration
period of the study

associates or because they had presented with features other than
headache. For patients with sudden death, relatives were asked
about preceding episodes of sudden headache. To validate the
completeness of our case ascertainment we went through the
admission files of the emergency department of the University
Hospital of Utrecht after completion of the study and checked if
any patients with SAH registered with the participating
practitioners in Utrecht had not been reported during the study
period. This check identified only 1 such patient.

Patients seen by a neurologist were investigated by computed
tomography (CT) or lumbar puncture. The diagnosis of SAH was
based on the presence of extravasated blood in the basal cisterns on
CT scanning, xanthochromia in cerebrospinal fluid (CSF), or
evidence from necropsy.11 Patients with acute severe headache
followed by death within hours were classified as probable SAH.
CT scans were reviewed by FHHL and EFMW and

subarachnoid blood was measured:12 10 cisterns and fissures were

graded as 0 (no blood), 1 (sedimentation), 2 (not completely filled),
3 (completely filled). Totals were grouped as large amounts
(20-30), moderate amounts (10-20), and small or localised amounts
of blood (1-10). CT scans with non-aneurysmal perimesencephalic
haemorrhage were distinguished according to the pattern of

bleeding and were similarly graded.13
Outcome of patients with SAH was determined 3 months after

admission, according to the 5-point Glasgow Outcome Scale. 14 We
divided this scale into death, vegetative state, or severe disability
(poor outcome), and good recovery or mild disability that did not
interfere with daily life (good outcome). CI 95 % for incidence rates
were calculated by Poisson methods.

Results

148 patients with acute and severe headache met the criteria
for inclusion (figure). 4 died before investigations could be
done; they were classified as probable SAH. 128 of the 144
surviving patients were referred to hospital; the remaining
patients were not referred because they refused (3) or
because the general practitioner considered another cause
more plausible than SAH (13). In 18 of the referred patients
no investigations were done because the neurologist
considered the diagnosis of SAH unlikely.
Of 110 patients who were investigated, 33 had SAH. In

59, no haemorrhage or other cause was found. Of the
remaining 18 patients, 4 had an infectious disorder (herpes
encephalitis confirmed at necropsy 1, viral

meningoencephalitis 1, and viral meningitis 2), 9 had
intracerebral haematomas (temporal lobe 6, occipital lobe 1,
and cerebellum 2, none consistent with aneurysmal
haemorrhage-in 2 an arteriovenous malformation was the
cause, as shown by angiography and operation); and 1 each
had arteriovenous malformation with intraventricular

bleeding, subdural haematoma, giant aneurysm with

progressive neurological deficits but without haemorrhage,
haemorrhage in a malignant glioma, and infarct from
middle cerebral artery branch occlusion.
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103 of the 148 patients (70%) had headache without any
other symptom, 12 of whom had SAH and 4 had another
central nervous system disorder. In 33 patients, no

investigations were done and in 54 the cause of the headache
could not be identified.

Only 2 of the 37 patients with SAH had previously had a
similar episode of headache: 1 had a sudden severe headache
a month before admission and did not visit or call a general
practitioner, and the other had an unusually severe

headache 3 days before admission which subsided with
medication from a general practitioner. In the 33 patients
with SAH who reached hospital alive, the Glasgow Coma
Scale was 14 in 18, 11-13 in 8, and 7 or less in 7. Neck
stiffness on admission was found in 17. 2 had subhyaloid
haemorrhages, and 7 had focal signs: hemiparesis (4),
hemiparesis and oculomotor palsy (1), isolated sixth-nerve
palsy (1), and isolated third-nerve palsy (1).
CT scanning was done in 31 of the 33 survivors with SAH

who were investigated. In 25, the films were available for
review. Scans showed blood in the basal cisterns in 22, of
whom 10 also had intraventricular haemorrhage. The
cisternal blood scores were 20-30 in 10,10-20 in 5, and 1-10
in 7. 3 of these 22 had a non-aneurysmal, perimesencephalic
pattern of haemorrhage. 1 other patient had blood in the
subarachnoid space at the convexity. 2 had normal CT
scans (after 5 and 21 days). In 1 of these, lumbar puncture
revealed xanthochromic CSF (after 5 days) and the other
had blood-stained CSF at the day of event.

Angiograms showed an aneurysm in 21 patients
(anterior cerebral artery 8, middle cerebral artery 6, carotid
artery 6, and posterior inferior cerebellar artery 1) and were
normal in 6, including 3 with a perimesencephalic (non-
aneurysmal) pattern of haemorrhage on CT. In the

remaining 6 patients admitted to hospital with SAH,
angiography was not done, because of advanced age or poor
clinical condition. In the 12 patients with SAH in whom

Number of patients with headache as the only symptom

Figure: Summary of diagnosis and outcome In 148 patients with
acute and severe headache in general practice, 1988-93
Inset: number of patients with headache as the only symptom. The group
of 37 patients with SAH includes 4 patients who died before any
investigation could be done.
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headache was the only symptom, angiography showed an
aneurysm in 6, was negative in 5 patients, and not done in 1.
18 of the 21 patients with an aneurysm had an operation.

All 93 patients with acute headache but without a
diagnosis of SAH or other neurological condition, whether
or not referred to a neurologist, were followed up for a year
after presentation. None of them subsequently had SAH,
stroke, or sudden death. Recurrent headaches were

reported by 11 patients.
38 additional patients with SAH were detected by

inquiries during the 5 years of the study. They had not been
entered because they had been seen by associates at night or
during holidays (9), had presented with coma (8), or were
deemed to have atypical features (10: confusion [2],
associated trauma [3], fainting [2], or non-specific illness
without headache having been a prominent symptom [3]),
or because the general practitioner forgot about the study
(11); none of them had had previous headaches. All

additional patients were investigated with CT scanning,
lumbar puncture, and/or angiography, except 2 who died at
home within hours of onset. The aneurysm was clipped in
16 patients. There was a good outcome in 42 of all 75
patients with SAH (56%) (23/37 [62%] in the study and
19/38 [50%] outside).
There were 30 sudden deaths during the study without

headache being a notable feature. In 14 of these, heart
disease was suspected. None of these patients had been seen
earlier with sudden and severe headache. Necropsy was
done in 4; 1 had an unsuspected SAH, and 3 had heart
disease. On the basis of the 76 identified cases of SAH (37
within and 39 outside the study, including the patient who
had died suddenly and had SAH proven by necropsy), the
annual incidence of SAH during the 5-year study was
42/100 000; (95% CI32-52). We compared our incidence
rates with those derived from reported death rates at the
Dutch Office of Statistics (ICD code 430).15 On the
assumption of a mortality of 50%, the incidence rate would
be 52 per 100 000 for men and 6 8 for women.

Discussion

Early recognition and surgical treatment of SAH may
improve outcome. On the other hand, the low incidence of
SAH and the high frequency of headache in general practice
might result in patients being referred for investigation
unnecessarily. The present study shows that general
practitioners can identify unusually severe acute headaches
that are associated with a high likelihood of a serious
neurological disorder. During a 5-year period covering 18
million patient-years, only 148 patients were judged to have
an unusually severe and acute headache. Serious

neurological disorders were found in 37%, including SAH
in 25% and SAH due to aneurysmal rupture in 14%.
Patients with acute headache as the only symptom still had a
16% chance of life-threatening neurological disease,
including a 12% chance of SAH and a 6% chance of SAH
from aneurysmal rupture. SAH underlies about 1 in 4 of
headaches with an acute onset, and patients with sudden
severe headache lasting 1 hour or more, even if there are no
other symptoms, need investigation.
We found an average annual incidence of 4 2 per 100 000.

It is unlikely that patients with SAH were missed: all

general practitioners participating in the study were asked
every year about additional patients with SAH not reported
to the trial centre, and a search through the files of
the emergency department of the University Hospital
Utrecht after the completion of the study revealed only 1

patient with SAH who was not reported by general
practitioners. Our incidence rates (per 100 000) are similar
to those derived from the Dutch Office of Statistics (52 for
men and 68 for women). Previous studies reported lower
incidence rates (France2 2,95% CI 1. 2-3.5);16similar rates
(Netherlands 8, 5.0-11.5,17 England 7-9, 5.4-10.810); and
higher rates (Italy 10 2, 5.6-16.1;19 Finland 16.8;20 New
Zealand 14.3;21 and USA 11).22 Differences may be

explained by study design, the populations studied

(hospital or community), or by differences between
countries.

Many earlier studies have speculated that minor leaks
precede SAH. Our study suggests that these warning leaks
are infrequent and that most first haemorrhages are serious.
Our finding that only 2 of the 37 reported patients with
SAH had had previous episodes of headache is probably
inherent in the study design, but no such history was found
in any of the 37 patients with SAH identified later, nor in
the 30 patients who died suddenly. Furthermore, in the 93
patients who did not have SAH or other serious central
nervous system disorders, no SAH or other neurological
disorder occurred during a follow-up of 1 year. This
confirms our earlier finding that in patients with non-
haemorrhagic sudden severe headache, haemorrhages do
not occur later. 23,24 A large proportion of patients in that
study later developed migraine, suggesting that unusually
severe sudden headache can be a presenting symptom.23
The notion of small aneurysmal leaks presupposes subtle

clinical signs and small amounts of cisternal blood on CT
scanning, or negative CT-scan findings with only CSF
xanthochromia; yet half the patients with proven SAH had
impaired consciousness, and only 2 had xanthochromic or
blood-stained CSF and negative CT scan, which in both
cases could be explained by a long interval before CT scan
(5 days and 3 weeks), with clearance of extravasated blood
from the subarachnoid cisterns. The 22 patients with
evidence of SAH on CT scan had a similar amount of
extravasated blood to that previously reported in a large
hospital series of patients with SAH.25 Previous studies
reported warning signs in 15-60% of patients with SAH.3-7
Patients in those studies were questioned in hospital during
a serious illness, and minor headaches in the recent past
could easily have been overinterpreted as minor bleeds.
This recall bias may also have operated in our previous
case-control series, in which patients with cerebral
infarction served as a control group.8
An alternative notion of minor bleeding is that it remains

restricted to the wall of an aneurysm with subsequent
expansion. There has been one case report of a patient with
a previous episode of headache in whom necropsy showed
an organised thrombus with phagocytes adjacent to the
ruptured aneurysm.26 Our negative findings and a previous
follow-up study of patients with sudden headache and no
evidence for SAH23 suggest that this form of warning
headache is unusual. It has also been suggested that

warning signs and symptoms are caused by enlarging
aneurysms, without rupture. Those cases are often
associated with painful cranial nerve palsy, 27,28 a feature not
encountered in this study. During our study the general
practitioners reported 2 patients who presented with
sudden oculomotor palsy associated with an enlarging
posterior communicating aneurysm. In neither patient,
however, had there been episodes of headache.
A good outcome at 1 year was found in 16 of 21 patients

with aneurysms, a proportion similar to that in surgical
series.29 The outcome in all initially surviving patients with
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SAH including those outside our headache-surveillance
study was good in 42 of 75 (56%), a proportion not
substantially different from hospital-based reports.2,19,21,29
Nor did the clinical and radiological characteristics of the
patients with SAH differ substantially from findings in
previous hospital series. Even in this large study with highly
motivated general practitioners we did not find minor,
premonitory haemorrhages. This suggests that increased
awareness of general practitioners may result in only a small
improvement in overall outcome of SAH.
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