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Predisposing factors for cerebral infarction: the Oxfordshire
community stroke project

P A G Sandercock, C P Warlow, L N Jones, I R Starkey

Abstract
The frequency of known causative factors of cere-
bral infarction was studied in 244 cases of first
ever stroke due to cerebral infarction proved by
computed tomography or at necropsy who were
registered in the first two years of a prospective
community based study. Risk factors for cerebral
infarction were present in 196 (80%) cases; hyper-
tension in 126 (52%); ischaemic heart disease in
92 (38%); peripheral vascular disease in 60 (25%); a
cardiac lesion that was a major potential source
of embolism to the brain in 50 (20%); transient
ischaemic attacks in 35 (14%); cervical arterial bruit
in 33 (14%); and diabetes meilitus in 24 (10%). Thirty
one patients (13%) were in atrial fibrillation. Of the
48 patients who were free of risk factors or a major
potential cardiac source of embolism at the time of
the stroke, 18 were found to have hypertension after
the stroke and 10 to have non-atheromatous non-
embolic conditions (migrainous cerebral infarction
(three), arteritis (two), inflammatory bowel disease
(one), arterial trauma (one), autoimmune disease
(one), carcinoma of the thyroid (one), and major
operation (one). In 20 patients no causative factors
could be identified.

In this unselected series of patients with first ever
stroke due to cerebral infarction most of the strokes
were presumed to be due to either atheromatous
arterial disease or embolism from the heart, and only
4% (95% confidence interval 2 to 7%) were probably
due to non-atheromatous non-embolic causes. This
has implications for research into strokes and allo-
cation of public health expenditure.

Introduction
Doctors who care for patients with cerebral infarc-

tion are all too aware that most cases are the conse-
quence of atheromatous vascular disease or heart
disease; yet there is a long list of rare but potentially
treatable conditions that they may have at least to
consider in each new patient.' Extensively investi-
gating every patient with stroke, particularly the
elderly, is not, however, always appropriate. In
deciding on a clinically sensible approach to a typical
patient a knowledge of the relative frequency ofeach of
the major causative factors and a sense of proportion
about what is important would be helpful.

Studying the relative importance of different
potential causative factors in a single sample of patients
with stroke may, however, be difficult. A hospital
based series of patients is prone to selection bias as
those with more severe or unusual types of stroke are
more likely to be admitted to hospital.2-4 Community
based studies are free of this particular bias but
generally have more difficulty in establishing the
pathological type of stroke and investigating rare

causative factors. There are other methodological
problems-for example, the sample should be
restricted to patients with their first ever stroke as
causative factors are probably different in survivors
with recurrent strokes. 56 Attributing cerebral infarc-
tion to embolism from the heart poses particular
problems: clinical investigators disagree about which
cardiac lesions should be considered as definite
embolic sources7'9; and deciding whether the stroke
was due to embolism is difficult in individual patients
with a cardiac lesion.7-9
Our aim was to try to avoid at least some of these

problems by using data from the Oxfordshire com-
munity stroke project. We report our findings in a
consecutive series of 244 patients with their first
stroke, in whom the stroke was due to cerebral
infarction confirmed by computed tomography or at
necropsy. This group of patients formed a representa-
tive sample of patients with cerebral infarction in the
community, both at home and in hospital; all had had a
careful clinical assessment, a set of basic laboratory
investigations, and careful follow up. We circum-
vented the problem of embolism from the heart by
describing the prevalence of important cardiac lesions
in our patients: the presence of such a lesion did not
necessarily mean it was considered to be the cause of
the cerebral infarct.

Methods
The methods of the study have been described in

detail elsewhere.5 10 Briefly, all cases of first ever stroke
and transient ischaemic attack in a population of about
104000 residents of Oxfordshire were identified and
assessed by a neurologist soon after the event. The
pathological type of stroke was verified by computed
tomography or at necropsy, or both. All medical
records were examined, including those of the general
practitioner, and details of any risk factors that had
been recorded before the stroke were extracted, as
were details of any other conditions relevant to the
cause of the stroke. In all patients full blood count,
packed cell volume, erythrocyte sedimentation rate,
and glucose and cholesterol concentrations were
measured and serological tests for syphilis were carried
out. A chest x ray film and an electrocardiogram
were taken. Further tests were performed if clinically
indicated.

DIAGNOSIS OF CARDIAC DISEASE

Patients aged under 76 with cerebral infarction not
due to arteritis or migraine were examined by a
cardiologist and had cross sectional and M mode
echocardiography as part of a separate study." The
accuracy of the study neurologists' clinical diagnosis of
cardiac disease (based on clinical examination, chest
x ray film, and electrocardiogram) was validated against
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that made by the cardiologist (using the echocardio-
graphic results as well) in patients under 76. Con-
ditions that are purely echocardiographic diagnoses
(such as aortic sclerosis) were therefore likely to have
been underestimated in patients 76 and over.

DEFINITIONS

For simplicity we have used the term risk factor to
encompass the factors that predispose to atheromatous
cerebral arterial disease (hypertension and diabetes
mellitus) as well as the manifestations of atheromatous
vascular disease (peripheral vascular disease, carotid
or subclavian arterial bruits, symptomatic ischaemic
heart disease, transient ischaemic attacks, and evi-
dence of atheroma found on arteriography or at
operation). We did not include smoking or heavy
drinking because the association between smoking and
cerebral infarction is fairly weak'"'5 and our data on
consumption of cigarettes or alcohol were not validated
by other measures. At the time our data were collected
the relation between fibrinogen concentrations and
stroke was not appreciated so these data were not
collected. A raised packed cell volume and cholesterol
concentration may be modest risk factors,'3 but it was
difficult to obtain specimens at standard intervals after
stroke in all patients at a time when the results were
unlikely to be affected by the short term effects of
the stroke. We therefore considered the data to be
unreliable. Haemoglobin concentration before the
stroke was noted but was available in only 66% of the
patients, so useful analysis was not possible.
The following clinical definitions were used (further

details may be obtained from us).
Hypertension-Two or more recordings of blood

pressure at some time before the stroke with systolic
pressure > 160 mm Hg and diastolic pressure >90 mm
Hg.

Ischaemic heart disease-(1) Myocardial infarction:
either a clinical event diagnosed as a myocardial infarct,
confirmed by the general practitioner's examination or
hospital records and appropriate electrocardiogram
or enzyme changes, or both, or the presence of a
codable Q/QS pattern in a 12 lead electrocardiogram
(Minnesota codes 1-1-1 to 1-3-6 inclusive)."' (2)
Angina: diagnosis based on answers to a standard Rose
questionnaire'7 in which a combination of answers
allowed coding of "definite angina."

Cardiac lesions considered to be potential sources of
emboli-Mitral stenosis: the presence of any or all of the
typical clinical features together with the classic echo
features; mitral regurgitation, aortic regurgitation: purely
clinical diagnoses based on typical clinical signs;
mitral annulus calcification, mitral valve prolapse, aortic
stenosis, aortic sclerosis: purely echocardiographic diag-
noses; atrialfibrillation: absent P waves and an irregular
ventricular response in the first electrocardiogram
taken after the stroke.

"Major" and "minor" potential cardiac sources of
emboli-The presence of a cardiac lesion in a patient
with a cerebral infarct does not mean that the stroke
was necessarily due to embolism from the heart.,-9'
Ideally the clinical diagnosis should be supported by
evidence from cerebral angiography,7,9 necropsy, or
other investigations. In a community based study,
however, cerebral angiography can be performed
in only a small proportion of patients, and some
necropsies were performed several months after the
stroke, by which time evidence ofembolism had some-
times disappeared. We therefore classified patients by
the nature of their cardiac lesion into groups with
major and minor potential sources of emboli rather
than using unreliable clinical evidence to try to decide
whether, in each individual patient, the stroke was due
to an embolus from the heart.

Peripheral vascular disease-One or more of the

following: clear history of intermittent claudication,
peripheral signs (more than two foot pulses absent),
or a previous leg amputation (or vascular surgery) for
atheromatous arterial disease.

Transient ischaemic attacks-Acute loss of focal cere-
bral or ocular function (symptoms lasting less than 24
hours) presumed to be due to embolic or thrombotic
disease after adequate investigation. '9

Diabetes mellitus-One or more of the following:
a history of diabetes mellitus, known treatment with
oral hypoglycaemic agents or insulin before the stroke,
abnormal glucose concentrations measured before the
stroke (blood glucose concentration >7-0 mmol/l
fasting or >10 mmol/l two hours after a 75 g oral
glucose load, or both).

Cervical bruit-A non-transmitted arterial bruit
audible in the mid or upper cervical region over the
carotid artery or in the supraclavicular region over the
subclavian arteries.

Migrainous cerebral infarction-This is defined in
detail elsewhere.34

STATISTICAL METHOD

The confidence intervals were calculated with the
exact method for the confidence interval of a binomial
proportion.2"

FOLLOW UP

Patients were followed up at one month, six months,
and one year and yearly thereafter. Any patients with
suspected recurrent stroke were re-examined by the
study neurologist.

Results
Between 1 November 1981 and 31 October 1983,

323 patients with first ever stroke were registered,
of whom 244 had cerebral infarction, 28 primary
intracerebral haemorrhage, and 19 subarachnoid
haemorrhage verified by computed tomography or at
necropsy (or by lumbar puncture in patients with
subarachnoid haemorrhage). Thirty two patients who
did not undergo either computed tomography or
necropsy were classified as "pathological type un-
known." This report is confined to the 244 patients
with cerebral infarction. The cardiologist assessed 105
of these patients, ofwhom 99 had echocardiography.

ACCURACY OF DIAGNOSIS OF CARDIAC LESIONS

On the assumption that the cardiologist's diagnosis
was correct, the neurologists' diagnosis of an abnormal
heart had a sensitivity of 92%, a specificity of 91%, a
positive predictive value of 93%, and a negative
predictive value of 91%; the likelihood ratio of a
cardiac abnormality being present if the neurologist
diagnosed an abnormal heart was 10 2."l The observed
agreement between neurologists and the cardiologist in
the diagnosis of an abnormal heart was 92%. The
kappa statistic, a measure of the degree of agreement
over and above the effects of chance, was 0-84 (this
result would be regarded as more than satisfactory for a
clinical diagnosis2).

HYPERTENSION

Data on blood pressure were available for 220
patients who had had at least one measurement
before the stroke; in 190 the general practitioner had
measured the blood pressure within five years of the
stroke. Table I shows the prevalence of hypertension
before stroke defined in various ways. In all subse-
quent analyses hypertension is as defined above. One
hundred and twenty six patients had systolic pressure
>160 and diastolic pressure >90 mm Hg on at least
two occasions.
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TABLE I -Prevalence of hypertension based on maximum casual
systolic blood pressure ever recorded beforefirst cerebral infarction with
different cut offpoints

95% Confidence
No (%) of interval of
patients proportions (%)

Maximum systolic blood pressure:
>160mmHg 158(65) (57to71)
> 180mm Hg %(39) (33 to 46)
>200mm Hg 55 (22) (17 to 28)

One reading > 180/100mm Hg 150 (61) (55 to 68)
Two readings > 160/90 mm Hg* 126 (52) (45 to 58)

*Used for definition in this study.

OTHER RISK FACTORS

Table II shows the prevalence of risk factors for
cerebral infarction. The prevalence of ischaemic heart
disease and peripheral vascular disease was high.

TABLE II-Prevalence ofriskfactors*

95% Confidence
No (%) of interval of
patients proportions (%)

Hypertensiont 126 (52) (45 to 58)
Ischaemic heart disease 92 (38) (32 to 44)
Peripheral vascular disease 60 (25) (19 to 30)
Major cardiac embolic source 50 (20) (16 to 26)
Transient ischaemic attack 35 (14) (10 to 19)
Cervical arterial bruit 33 (14) (10 to 18)
Diabetes mellitus 24 (10) (6 to 14)
Any one of above except major potential

cardiac embolic source 146 (60) (53 to 66)
Any one of above 196 (80) (75 to 85)

*Many patients had more than one factor.
tTwo measurements > 160/90 mm Hg.

POTENTIAL CARDIAC SOURCES OF EMBOLI

The presence of either a major or minor cardiac
lesion did not necessarily imply that the cardiac lesion
was the cause of the cerebral infarct. Tables III and IV
show the prevalences of these lesions. No cases were
due to subacute bacterial endocarditis. In 20% of cases
there was a major potential source of embolism and in
11% a minor potential source.

NON-ATHEROMATOUS NON-EMBOLIC FACTORS
PREDISPOSING TO CEREBRAL INFARCTION

At the time of the stroke 48 patients seemed not to
have either risk factors or a major potential cardiac
source ofembolism. Table V gives the findings in these
48 patients, showing that 18 had hypertension after
the stroke and 10 had other non-atheromatous non-
embolic conditions that might have caused cerebral
infarction. In 20 patients, 10 of whom were aged over
80, there was no apparent cause.

Conditions not found in this series- Serological tests
for syphilis were performed in 235 patients, and results
were negative in 232. In the three patients with positive
results the pattern did not suggest active infection. We
therefore concluded that the stroke was not due to

TABLE iII-Numbers ofpatients with a major potential cardiac source ofembolism*

95%
Confidence
interval of

No with No without Total proportions
risk factorst risk factors No (%) (%)

Atrial fibrillation without rheumatic heart disease 21 7 28 (11) (8 to 16)
Atrial fibrillation with rheumatic heart disease 2 1 3 (1) (0 to 4)
Atrial fibrillation with or without rheumatic heart disease 23 8 31 (13) (9 to 18)
Mitral incompetence 14 1 15 (6) (3 to 9)
Myocardial infarction within six weeks 12 12 (5) (3 to 8)
Prosthetic valve 2 1 3 (1) (0 to 4)
Mitral stenosis 1 1 2 (1) (O to 3)
Paradoxical embolismt 1 1(<1) (O to 2)
At least one of above 43 7 50(20) (16 to 26)

*Patients may have had more than one potential source.
tHypertension, ischaemic heart disease, peripheral vascular disease, cervical bruit, diabetes mellitus.
tIn a patient with deep vein thrombosis in legs and patent foramen ovale, proved at necropsy.

TABLE iv -Numbers ofpatients with a minor potential cardiac source
ofembolism

95%
No No Confidence
with without interval for
risk risk Total No proportions

factors* factors (%) (%)

Aortic sclerosis 9 2 11 (4) (2 to8)
Mitral annulus calcification 5 5 (2) (O to 5)
Aortic incompetence 4 1 5 (2) (O to 5)
Mitral leaflet prolapset 3 3 (1) (O to 4)
Cardiomyopathy 3 3 (1) (0 to 4)
Aortic stenosis 2 2 (1) (O to 3)
At leastone of above 25 3 28(11) (8to 16)

*Hypertension, ischaemic heart disease, peripheral vascular disease,
cervical bruit, diabetes mellitus.
tDiagnosed by echocardiography.

TABLE v-Findings in patients without risk factors ora majorpotential
cardiac source ofembolism at time ofstroke

95%
Confidence
interval for

No (%) proportions
of patients (%)

Raised blood pressure after stroke* 18 (7) (4 to 11)
Non-atheromatous non-embolic cause

with no risk factorst 10 (4) (2 to 7)
No causative factors found4 20(8) (5 to 12)

Total 48 (20) (15 to 25)

*Hypertension requiring treatment with drugs after stroke, two measure-
ments of blood pressure > 160/90 mm Hg after stroke, or single measure-
ment of blood pressure > 180/110 mm Hg after stroke.
tSee table VI.
4Ten of these patients were aged over 80.

active neurosyphilis in the patients. Since this report
was first prepared one case of stroke due to neuro-
syphilis has been registered. The observed prevalence
of cerebral infarction due to this condition was thus
1/515 (0 2%) (95% confidence interval 0 to 0-6%).
We did not identify any patients with strokes related

to pregnancy, polycythaemia rubra vera, Fabry's
disease, or homocystinuria. This might be accounted
for by chance: an observed frequency of0/244 cases has
an upper 95% confidence limit of four cases, or 1-5%.

Overall, non-atheromatous, non-embolic conditions
seemed to be the only predisposing factors in 10 (4%),
(95% confidence interval 2 to 7%) of patients with first
ever strokes due to cerebral infarction (table VI).

TABLE vi-Non-atheromatous non-embolic conditions predisposing to
cerebral infarction in patients with and without other predisposing
factors

95%
No No Confidence
with without interval for
risk risk Total No proportions

factors* factors (%) (%)

Arteritis 7 2 9(4) (1-7to69)
Migraine 4 3 7(3) (1-2to5 8)
Major operation 2 1 3 (1) (0-2 to 3-6)
Inflammatory bowel disease 2 1 3 (1) (0-2 to 3-6)
Necktrauma 1 1 2 (1) (0- to2-9)
Carcinoma of thyroid 1 1 (<1) (O to 2-3)
Autoimmune diseaset 1 1 (<1) (Oto 23)
Leukaemia 1 1(<I) (O to 2-3)
Use of oral contraceptive

inpast 1 1(<I) (Oto2-3)

Total 18 10 28 (12) (7-8 to 16-1)

*Hypertension, ischaemic heart disease, peripheral vascular disease,
cervical bruit, diabetes mellitus.
tOne patient with glomerulonephritis, myasthenia gravis, and rheumatoid
arthritis.

When patients with risk factors were included, how-
ever, non-atheromatous non-embolic conditions could
have been a contributory factor in 28 patients (11%, 8
to 16%). Table VII gives some clinical details of these
patients.
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TABLE VII-Details ofpatients with cerebral infarction definitely, probably, and possibly attributable to cerebral arteritis

Ervthrocyte
sedimentation rate Patient
(mm in first h) taking

steroids Clinical
Maximum when response

Age before stroke after Diagnosis
Case No (years) Sex Clinical features before stroke Risk factors before stroke stroke At stroke occurred steroids proved

1 77 M Dementia 100 100 No Slight Definitely
2 74 F Giant cell arteritis Diabetes mellitus 120 108 No Definite Definitely
3 77 F Giant cell arteritis; polymyalgia Hypertension; atrial fibrillation; mitral regurgitation 100 18 Yes Slight Probably

rheumatica
4 70 M Polymyalgia rheumatica 73 61 Yes Definite Probably
5 76 F Polymyalgia rheumatica Hypertension 65 2 Yes Slight Possibly
6 74 F Polymyalgia rheumatica Hypertension 45 25 Yes Slight Possibly
7 76 F Polymyalgia rheuamtica Hypertension; myocardial infarction; rheumatic heart disease Not known 2 Yes Slight Possibly
8 84 F Polymyalgia rheumatica 90 18 No Slight Possibly
9 75 F Giant cell arteritis Hypertension 30 12 Yes Slight Possibly

TABLE VIII-Prevalence ofcommon causativefactors in previous series ofpatients with cerebral infarction

% Of
cerebral
infarcts % With % With % With

confirmed by Only first % cardiac ischaemic transient % With
CT or ever stroke "Hyper- embolic heart ischaemic diabetes

Reference Basis of study necropsy studied tensive" source disease attack mellitus Comments

Dyken2' Hospital NS No 53 NS 11 NS 30 Hypertension and ischaemic heart disease not explicitly
defined

Matsumoto Community stroke 28 Yes NS 11 NS NS NS Percentages are percentages of all deaths; hypertension
et a122 register defined as blood pressure > 160/95 mm Hg before stroke

Herman et al' Community stroke 42 Yes 52 8 13 33 15 Includes eight cases of haemorrhagic stroke. Hypertension
register defined as "ever had clinically diagnosed hypertension."

Percentages are percentages of all cases, not of cerebral
infarcts

Wolf et al" Cohort study NS Yes 70 NS 30 NS 15 Hypertension defined as blood pressure > 160/95 mm Hg
before stroke

.Mohr et al" Hospital 25 No 55 23 NS 24 22 Hypertension defined as blood pressure >160/100 mm Hg
after stroke

Britton and Hospital 45 No 45 21 NS NS 11 Hypertension defined as history of hypertension before stroke.
Gustaffsson' Altogether 61/228 (2 1%) patients with cerebral infarction

had atrial fibrillation, but only 15/61 (5% of those with
cerebral infarcts) had clinical features to suggest an embolic
stroke

Present study Community stroke 90 Yes 52 20 38 14 10
register

CT=Computed tomography. NS=Not stated.

TABLE IX-Factors less commonly associated with cerebral infarction
(expressed as percentages)

Previously Present study*
reported (95% Confidence
range' '4 2' interval)

Coagulation disorder 3-17
Non-penetrating arterial trauma 2-22 0-4 (0 to 2-3)
Migraine 2-20 1-2 (0-2 to 3 6)
Arteritis 2-8 0 8 (0 1 to 2-9)
Nocause 10-22 8 (4-6to 114)

*In patients without other risk factors.

Discussion
This is the first community based series of cases

of cerebral infarction confirmed by computed tomo-
graphy in which most predisposing factors and causes
have been sought. Previous studies (tables VIII and
IX) either have been based on potentially biased series
of patients admitted to hospital' 21 29-2 or have not
verified the pathological type of stroke by computed
tomography or at necropsy in most cases. 2 13 21-27
Most of the patients in our series had clinical

evidence either of atheromatous arterial disease affect-
ing the cerebral, coronary, or lower limb circulation or
of risk factors for stroke, such as hypertension and
diabetes mellitus. We had access to the general practice
records, which contained measurements of blood
pressure taken before the stroke in 90% of cases. Such
antecedent blood pressures are likely to be a more
reliable guide to whether a patient is hypertensive than
blood pressure taken in the acute phase after the
stroke, when many factors may have been acting to
alter it. The prevalence of hypertension will depend on
the cut off point used to separate normotension from

hypertension; the prevalence varied with different cut
offpoints between 22% and 65%, though our definition
of two readings greater than 160/90 mm Hg (closely
comparable with the WHO/ISH definition29) gave a
prevalence of 52%.
The prevalence of risk factors in a representative

sample of patients gives a reasonable guide to their
relative importance, though the most accurate
measures of importance, aetiological fraction and
attributable risk, can be estimated accurately only in
cohort or case-control studies.30 In our sample hyper-
tension, ischaemic heart disease, transient ischaemic
attacks, and peripheral vascular disease were clearly
the most important factors. As with hypertension their
prevalence depends on definitions-for example, the
prevalence of peripheral vascular disease would have
been much lower ifthe definition had been restricted to
patients with symptoms of intermittent claudication.
Whisnant and Schoenberg et al estimated that the

risk of stroke attributable to transient ischaemic
attacks is only about 10%,13 32 and the results from our
study support this. In other words, from a public
health point of view the early detection and treatment
of patients with transient ischaemic attacks would not
be a major priority in any community stroke preven-
tion programme. The estimates of the population risk
of stroke attributable to hypertension vary but are
much higher than the risk attributable to transient
ischaemic attacks; Whisnant and Schoenberg et al
reported estimates of about 75%,9 12 whereas the
Framingham data suggest figures between 24% and
66% depending on sex and the precise definition of
hypertension.'" Our data are compatible with either.
Early detection and treatment of hypertension must
remain the major public health priority; the fact that so
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many patients in this study had had their blood
pressure recorded before their stroke suggests that the
United Kingdom's system of primary healh care is
well suited to achieving high levels of detection and
treatment of hypertension.

Although a fifth of the patients in our series had
a cardiac lesion that might be considered a major
potential source of emboli to the brain, the cardiac
lesion was the sole possible predisposing factor in
only seven cases (3%). Twelve patients had had a
myocardial infarction less than six weeks before the
stroke, but in none of these patients was there clinical,
echocardiographic, or necropsy evidence that the
stroke was definitely due to embolism from the heart.
If these patients are included a cardiac lesion was the
sole predisposing cause in 19 (8%), though if patients
with risk factors are included the proportion rises
to 20%. The difficulties of deciding in individual
patients whether a cardiac lesion was definitely the
cause of cerebral infarction are well known,89 18 and our
findings emphasise that the presence of a cardiac lesion
does not necessarily imply that it was the cause of
the stroke. Notably, rheumatic heart disease was
uncommon in our patients.
The relevance of minor cardiac lesions (such as

aortic sclerosis, mitral annulus calcification, and mitral
leaflet prolapse, especially in elderly patients with
atheromatous arterial disease or risk factors) in causing
cerebral infarction is even less clear.7 The results of a
case-control study being undertaken by one of us (IRS)
should elucidate further the role of some of these
cardiac lesions in cerebral infarction.
The cases in which arteritis was a potential pre-

disposing cause of cerebral infarction were of interest.
Only two of the patients in whom the cerebral
infarction was definitely or probably caused by arteritis
were free of vascular risk factors. In the patient
with granulomatous angiitis the diagnosis, though
suspected, was not confirmed in life and was proved
only at necropsy. None the less, the patient was
regarded as possibly having arteritis and treated with
oral steroids. One patient (case 2) with giant cell
arteritis proved by biopsy abruptly stopped taking
steroids shortly after starting them, and this almost
certainly led to her stroke. Cerebral arteritis was
probably the cause in two cases (3 and 4), but
confirmatory tests were not done, though the dramatic
response to increased oral steroids in case 4 supported
the diagnosis. All four cases show the importance of
considering arteritis in a patient with stroke with a
raised erythrocyte sedimentation rate, particularly if
there is a history of polymyalgia rheumatica. Biopsy of
the temporal arteries in every patient with stroke with a
raised erythrocyte sedimentation rate (greater than
40 mm in the first hour) probably does not yield
sufficient positive results to be justifiable33: none the
less, we possibly underestimated the proportion of
strokes due to arteritis.
Only one patient with cerebral infarction had pre-

viously used oral contraceptives, and she had other risk
factors as well. This finding emphasises that, though
use of oral contraceptives may increase the relative risk
of stroke, the proportion of all strokes attributable to
the effects of oral contraceptives is small because of the
low absolute risk of stroke in the age group using them.

Notably, despite the fact that 96% of patients in our
series had serological tests for syphilis, there was only
one case of cerebral infarction definitely attributable to
meningovascular syphilis, though this could reflect our
small sample size or the nature of the Oxfordshire
population, which has a low prevalence of syphilis.
The general practitioner or general physician

managing patients with stroke should always consider
the rare and unusual causes of cerebral infarction as
they may be treatable,' 1924-2734 but an overzealous

search for rare conditions may lead to inappropriate,
expensive, and sometimes risky investigations with
little hope of finding treatable disease. In our series
non-atheromatous non-embolic conditions predispos-
ing to cerebral infarction were present in only 4-12% of
patients depending on whether those with risk factors
were excluded or included. Most of these conditions
were identified by careful clinical assessment and
simple, safe, and inexpensive tests. Though a policy of
intensive investigations might have found more cases,
we think that this is unlikely as subsequently none
came to light. Our data allowed us to estimate the
true proportion of strokes associated with non-athero-
matous diseases and to assess the precision of the
estimate.
We conclude that for patients with cerebral infarc-

tion in the community careful clinical assessment and
simple investigations (full blood count; erythrocyte
sedimentation rate; glucose, urea, and electrolyte
concentrations; syphilis testing; chest radiography;
and electrocardiography) will identify most patients
with non-atheromatous non-embolic conditions.35
This conclusion may not, of course, apply to the highly
selected patients who are admitted to secondary and
tertiary referral centres. Most first strokes due to
cerebral infarction in this community project occurred
in patients with atheromatous arterial disease, vascular
risk factors, or a potential cardiac source of embolism;
these must remain the priorities for research into
stroke and public health expenditure, and, from the
public health point of view at least, transient ischaemic
attacks must be considered to be fairly unimportant.35
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Abstract
Objective-To determine the effect of low dose

interferon alfa (human lymphoblastoid interferon)
on aminotransferase activities in chronic non-A
non-B hepatitis.
Design-Prospective randomised controlled

parallel group study of active treatment versus no
treatment carried out over 16 weeks and preceded by
baseline measurements at weeks 8 and 4 and time
zero.
Setting-Hepatology outpatient clinics in

secondary referral centres.
Patients-Fourteen adults with histologically

proved chronic hepatitis and persistently raised
aminotransferase activities for six months or more.
Interventions-Seven patients randomised to

receive interferon alfa 5 megaunits (MU) daily for
one week, reducing to 5 MU thrice weekly for seven
weeks, then 3 MU thrice weekly for eight weeks.
Controls not treated.
End point-Control of hepatic enzyme activity in

chronic non-A non-B hepatitis.
Measurements and main results-Serum aspartate

aminotransferase activity remained raised in
controls (mean increase in study period 23-4 U/l) but
fell rapidly to normal in the treated group (mean
decrease 106-4 U/l). In four cases values were
normal by eight weeks and in five cases by 16 weeks.
Only minor side effects were recorded (fever,
myalgia), which became less common as treatment
progressed.

Conclusions -Continuous low dose interferon alfa
reduces aspartate aminotransferase activity to
normal in most patients with chronic non-A non-B
hepatitis and may prevent progression to cirrhosis.

Introduction
Parenterally acquired non-A non-B hepatitis is a

main cause of morbidity in patients who have acquired
their infection from contaminated factor VIII or blood
transfusion or as a result of intravenous drug abuse.
Some 40-50% of patients acquiring the disease in this
way may develop chronic hepatitis, and in one series
19% of these patients progressed to cirrhosis.'
Treatment of the condition with acyclovir2 and
steroids' has not been successful. Both recombinant
interferon alfa and human lymphoblastoid interferon
alfa have been shown to be effective in chronic hepatitis
B infection,' and there have been two pilot studies of its
use in chronic non-A non-B hepatitis.36 In the first
study eight out of 10 treated patients had return of their
serum aminotransferase activities to normal during
treatment, and in the second study all three treated

patients had a similar complete biochemical remission
during treatment. Neither study was controlled.
These preliminary results are encouraging, but as

wide fluctuations in serum aminotransferase activities
occur in chronic non-A non-B hepatitis,7 controlled
studies are essential. This study aimed at assessing the
effect of low dose interferon alfa on aminotransferase
activities in a randomised controlled study of patients
with established chronic non-A non-B hepatitis.

Patients and methods
The study was an open randomised controlled

parallel group study of interferon versus no treatment
in patients with chronic non-A non-B hepatitis.
Fourteen patients with the disease recruited from a
hepatology clinic were randomised (sealed envelopes)
on entry to the study. The table gives their details.
All except two patients had a history of parenteral
exposure to blood or blood products and the sub-
sequent development of chronic hepatitis with
persistently raised serum aminotransferase activities
and liver biopsy appearances compatible with chronic
non-A non-B hepatitis. All were negative for hepatitis
B surface antigen, but one treated patient (case 3) had
IgG core antibodies indicating previous exposure to
hepatitis B. Other causes of chronic hepatitis were
excluded by finding normal serum oa antitrypsin,
iron, transferrin, caeruloplasmin, and copper
concentrations. No patient had antinuclear or
mitochondrial antibodies, but several patients had low
titres (< 1/40) of smooth muscle antibody. Alcohol and
drug induced liver disease were also excluded after
careful questioning. All patients were negative for
antibody to human immunodeficiency virus (HIV) at
entry to the study, but one treated patient (case 5)
seroconverted to HIV shortly after starting interferon.
Patients gave informed consent and the study was
approved by the local ethical committees.

Treatment was with interferon alfa (Wellferon).
The interferon was given by intramuscular or deep
subcutaneous injection and the patients taught to self
inject. The dosage was 5 megaunits (MU) daily for the
first week, reducing to 5 MU thrice weekly for
seven weeks, then 3 MU thrice weekly after this
time if aminotransferase activities were normal. If
aminotransferase activities were not normal by this
time then the patients continued with 5 MU thrice
weekly. Most patients developed a transient fever and
myalgia within a few hours of the interferon and were
advised to take paracetamol (500 mg every six hours) if
required. Patients were seen at weekly intervals for the
first month and then monthly. At each visit patients
were questioned about possible side effects and a full
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