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Preceding infection as an important risk factor for ischaemic brain
infarction in young and middle aged patients

JAANA SYRJANEN, VILLE V VALTONEN, MATTI IIVANAINEN, MARKKU KASTE,
JUSSI K HUTTUNEN

Abstract

The role of preceding infection as a risk factor for ischaemic
stroke was investigated in a case-control study of 54 consecutive
patients under 50 years of age with brain infarction and 54
randomly selected controls from the community matched for sex
and age. Information about previous illnesses, smoking, con-
sumption of alcohol, and use of drugs was taken. A blood sample
was analysed for standard biochemical variables and serum
cholesterol, high density lipoprotein cholesterol, triglyceride,
and fasting blood glucose concentrations determined. Titres of
antimicrobial antibodies against various bacteria, including
Staphylococcus, Streptococcus, Yersinia, and Salmonelia and
several viruses were determined. Febrile infection was found in
patients during the month before the brain infarction significantly
more often than in controls one month before their examination
(19 patients v three controls; estimated relative risk 9-0 (95%
confidence interval 2-2 to 80.0)). The most common preceding
febrile infection was respiratory infection (80%). Infections
preceding brain infarction were mostly of bacterial origin based
on cultural, serological, and clinical data. In conditional logistic
regression analysis for matched pairs the effect of preceding
febrile infection remained significant (estimated relative risk
14-5 (95% confidence interval 1*9 to 112-3)) when tested with
triglyceride concentration, hypertension, smoking, and preced-
ing intoxication with alcohol.
Although causality cannot be inferred from these data and

plausible underlying mechanisms remain undetermined, preced-
ing febrile infection may play an important part in the develop-
ment of brain infarction in young and middle aged patients.

Introduction

Several factors, including arterial hypertension, cardiac diseases,
hyperlipidaemia, high fibrinogen concentrations, diabetes mellitus,
a high intake of alcohol, a preceding incident of intoxication with
alcohol, and smoking are associated with an increased risk of brain
infarction. 1-7 A relation may also exist between various infections
and brain infarction. Cerebral infarction is a well known complica-
tion of bacterial endocarditis,89 meningitis,' ll and meningovascular
syphilis. Other infections that are more common in the population
may, however, also be implicated. Thus several case reports and
studies based on a few patients have suggested that preceding
respiratory infection is a risk factor for brain infarction, especially in
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children and young adults.12-"7 We recently reported an association
between cerebral infarction and increased serum bacterial antibody
titres in young adults.'8 The role of preceding infections in the
development ofischaemic stroke has not, however, been systematic-
ally studied. In our case-control study the prevalence of preceding
infections in 54 consecutive patients with brain infarction aged
under 50 was examined and compared with that in control subjects
matched for age and sex.

Subjects and methods

We studied all patients with brain infarction under the age of 50 admitted
to Helsinki University Central Hospital between June 1985 and August
1986. The hospital serves about one million inhabitants, and almost all
young patients with acute stroke in the district are admitted here. The
patients were examined by one of us (JS) on the ward in the emergency
department, where all patients admitted from this department spend their
first night. All admissions to this hospital are recorded in a register, which
was examined daily by JS. The patients were entered into the study if they
had localised cerebral symptoms and signs suggesting cerebral ischaemia
lasting more than 24 hours or if an infarction was verified by a computed
tomogram taken on admission. All patients had computed tomography
within a few days after the onset of symptoms. Patients with other causes of
localised cerebral symptoms, such as haemorrhage, were excluded.

During the 15 months of the study 54 patients fulfilled the criteria for
inclusion. They comprised 33 men and 21 women, and their ages ranged
from 17 to 49 years (mean 37-7 years). Cerebral infarction occurred in the
distribution of the middle cerebral arteries in 38 patients, in that of the
posterior cerebral arteries in five, and in that ofthe vertebrobasilar arteries in
11. In 36 patients the computed tomogram showed one ischaemic lesion, and
in seven two or more ischaemic lesions. In the remaining 11 patients the
computed tomogram on admission was normal but the clinical picture and
the course of the disease were compatible with a diagnosis of brain
infarction. Among patients with normal computed tomograms five had a
brain stem infarction and in the remaining six patients the time from the
onset of symptoms to the scan was 24 hours or less. One of the patients had
experienced one earlier ischaemic stroke. Two patients died during the first
week after admission. No other deaths occurred during the three months
of observation.
The controls were matched with patients for sex and age (within one year),

resulting in 54 case-control pairs. Their ages ranged from 18 to 49 years
(mean 37-8 years). The controls were selected at random from the official
register of inhabitants of Helsinki, where the names, dates of birth, and
addresses of all Helsinki's inhabitants are recorded. To find enough controls
two subjects matched for sex and age to every patient were initially invited to
the study. As the first 15 patients were matched by two controls-that is, the
rate of participation was higher than expected-we decided to invite only
one control for each subsequent patient; if the control refused to participate
we invited another. A letter of invitation was sent to the control subject as
soon as the patient was admitted to the hospital. After the letter was
presumed to have arrived the controls were contacted by telephone and an
appointment made. Altogether 77 controls were invited and 69 of them
(90%) agreed to participate; seven of those who refused to participate said
that they were healthy and could not participate because of lack of time, and
one had rheumatoid arthritis and could not come because of difficulties in
moving. The controls were examined within two to four weeks after their
patient was admitted. All the controls were asked to come to the examination
regardless of any acute illness, and none of them was excluded owing to
illness. The purpose was to conduct a case-control study matched one to one.
The first 15 patients, however, had two controls; we excluded all of the
second controls of these 15 patients and took into the analyses only the
control who was examined first.

All the controls were examined by the same physician (JS). Although the
invited controls were not matched with patients for socioeconomical state,
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no significant difference existed for this factor. When divided into three
socioeconomic classes (professionals and employees in upper management,
employees in middle management and workers, and vagrants, who were
homeless people without a job) patients and controls were in identical classes
in 39 pairs, patients were in a higher class in six, and controls were in a higher
class in nine (p>0 5); only one patient was in the lowest class. Detailed
information about associated illnesses, preceding infections, consumption of
alcohol, smoking habit, and use of oral contraceptives and other drugs was
obtained in the same way from all the controls and the patients or their
relatives, or both. Laboratory determinations included haemoglobin con-
centration; packed cell volume; mean corpuscular volume; total and
differential white cell count; thrombocyte count; erythrocyte sedimentation
rate; serum electrolyte concentrations; cholesterol, high density lipoprotein
cholesterol, triglyceride, and fasting blood glucose concentrations; activities
of transaminases and y-glutamyl-transferase; and analysis of urine. A chest x
ray film and electrocardiogram were also obtained. The patients' serum lipid
concentrations were measured twice, initially and three months after their
stroke. Consultation with a cardiologist was sought for 20 patients when
cerebral embolism was suspected.
Serum samples-Serum samples for serological tests were drawn from

patients three times. The first sample was taken as soon as possible after the
patient was admitted and the diagnosis of cerebral infarction verified (mean
36 hours after admission). The time from the onset of symptoms to the
taking of the first sample ranged from 0 to six days (mean two days). The
second sample was drawn two to three weeks later and the third three
months after the stroke. Two serum samples were drawn from the controls
two to three weeks apart. All samples were kept at -20°C until analysed. A
sample was not obtained from one patient who died soon after the stroke.

Serological methods-Antimicrobial antibodies were assayed with estab-
lished methods. The criterion for a positive bacterial or viral serological
result was either a fourfold change in titre between the paired serum samples
taken two to three weeks apart or a high titre above the 99th percentile in a

healthy Finnish population, as determined in the same laboratory,'9 or both.
The bacterial antibodies determined and their upper 99th percentile limits
were antistreptolysin 0, 770 Todd units"'; antideoxyribonuclease B, 1/600;
antistaphylolysin, 4-0 IU/ml; teichoic acid antibody (measured by double
diffusion precipitation), 1/8; agglutinating antibodies against Yersinia
enterocolitica serotypes 3 and 9 and salmonella 0 antigens (4, 5, 12; 9, 12; and
6, 7), 1/320; antibodies against antigen specific to the genus Chlamydia (by

IABLE I-Fever and its causes during one month before ischaemic stroke (patients) or

examination (controls)for 54 case-control pairs

No of No of Relative risk (95/.,
patients controls confidence interval) p Value

Fever(B37-5°C) 21 3 10-0(2-4 to88-2) <0 001
Respiratory infection with fever 17* 2t
Endocarditis 2 9-0 (2-2 to 80 0) <0001
Enteritis
Unknown, but possible infection 2

*Two patients also had otitis media, two sinusitis, three pneumonia, and one urinarv
infection.
tOne control also had sinusitis.

complement fixation), 1/32; and Mycoplasma pneumoniae antibodies (by
complement fixation), 1/512. Antibodies against adenovirus, influenza
viruses A and B, parainfluenza viruses 1 and 3, respiratory syncytial virus,
Coxsackie virus B5, rotavirus, cytomegalovirus, mumps and measles
viruses, varicella zoster, and herpes simplex were determined by complement
fixation. Antibodies to rubella were determined by single radial haemolysis
and to Epstein-Barr virus by immunofluorescence.

Statistical methods-For the matched pairs mean differences and estimated
relative risks (odds ratio) were computed as quantitative measures of
discrepancy together with their 95% confidence intervals. The confidence
interval for the mean difference was based on the standard error for pairwise
differences."' The confidence interval for the relative risk was computed
from the tail probabilities of the binomial distribution.22 Equality of
proportions was tested with McNemar's test or exact binomial probabilities.
Estimates of relative risk (odds ratio) adjusted for confounding factors were
computed from a conditional logistic regression model for matched data.22
The model was fitted with a procedure in the biomedical computer program
(BMDP) such that each pair constituted an observation, each response was

positive, no constant existed in the model, and the explanatory variables
were differences in the corresponding values between cases and controls.
Subgroups of cases were compared by unpaired differences in means or

proportions.2'

Results

INFECTION AS A RISK FACTOR

The prevalence of febrile infections during the month preceding the
ischaemic stroke in the patients was significantly higher than that during the
month preceding the examination of their controls. Thus 21 of the 54
patients but only three of the 54 controls had had a fever (¢37 5°C) during
the preceding month (relative risk 10 0, 95% confidence interval 2-4 to
88 2). The corresponding figures for the preceding week were 14 among
patients and two among controls (relative risk 7 0 (1 6 to 63 4)). Definite
infection was the cause of fever in 19 patients and three controls (relative risk
9-0 (2-2 to 80 0)) (table I). Within one month before the stroke or the
examination 14 patients and three controls with infectious symptoms either
visited a general practitioner or were in hospital, where their raised
temperatures were recorded; seven paticnts had measured their temperatures
only at home. Antibiotics had been prescribed within the preceding month
to the patients more often than to their controls (14 patients v three controls,
relative risk 4-7 (1-3 to 25 3)). Probable or proved (by culture) bacterial
infection was found in 12 patients and two controls (relative risk 6-0 (1-3 to
55-2)) (table II). Except in one patient, bacterial infection had been
diagnosed before the patients' symptoms of stroke or the controls'
examination by a general practitioner or a hospital physician who did not
participate in this study. Sphenoidal sinusitis was diagnosed in the
remaining patient from a computed tomogram on admission (case 6 in table
II). Pneumonia or endocarditis preceded the brain infarction in five patients,
whereas none of the controls had a systemic bacterial infection within one
month before the examination.
A complete history of previous infections was obtained from all patients

and controls. Patients reported recurrent sinusitis (two or more episodes

TABLE i1-Probable or proved (bv culture) bactenial infection during one month before ischaemic stroke (patients) or examination (controls)

Case Age Other preceding Plossible cause
No (years) Sex Fever Infection Bacterial cause l3asis ot diagnosis f;actors of infarction

Puatltis*
1 44 M Yes Otitis media and externa Antistreptolysin O titre high Clinical state None Unknown
2 17 F Yes Otitis media and sinusitis Antideoxyribonuclease B titre high Clinical state anid sinus ultrasonogram None Unknown
3 26 F No Purulent otitis externa Unknown Clinical state None Atherosclerosist
4 22 M Yes Sinusitis Unknown Sinus x ray film None Unknown
5 45 M Yes Sinusitis Unknown Sinus x ray film and punctures ofmaxillary sinus None Atherosclerosist
6 39 M No Sinusitis Unknown Sinus x ray film and computed tomogram Notte Unknown
7 48 M Yes Pneumonia Fourfold change in antistreptolysin 0 titre (bhest x ray film None Unknowni
8 31 M Yes Pneumonia Unknown (hest x rav film None Unknown
9 41 F Yes Pneumonia Fourfold change in antistaphylolysin titre (Chest x ray film Alcohol intoxication Unknown
10 41 F Yes Urinary infection Klebsiella Culture of urine None Unknown
11 49 M Yes Endocarditis Strepiococcus sanguis Culture ofblood Nonie Septic embolism
12 38 M Yes Endocarditis 11-Haemolytic streptococcus G (ulture of blood None Septic embolism

Fourfold change in antistreptolystn 0 titre
Controls

15 35 M Yes Sinusitis Unknown Sinus x ray film
16 39 F Yes Enteritis Campylobacterjejuni Culture of stools

*Twelve patients v two controls, relative risk 6-0 (95% confidence interval 1-3 to 55 2); p<002.
tPatient had insulin dependent diabetes with asymmetrical peripheral arterial pulsations.
IPatient had slight irregularity of vessel lumen at proximal end of internal carotid artery shown on aortocervical angiography.
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during their life) more often than the controls (nine patients v two controls;
relative risk 8-0 (1 1 to 354 6)). Likewise, a history of recurrent tonsillitis
was more common among the patients than the controls, but the difference
was not significant (22 patients v 12 controls; relative risk 2-3 (0 9 to 6-0)).
No difference was found between patients and controls with a history of
recurrent otitis media.

Serological evidence for a recent bacterial infection was obtained in 19
patients but only seven controls (relative risk 5-0 (1-4 to 27 0)) (table III).
Sixteen patients had a positive result in only one of the tests, whereas three
patients had a positive finding in two tests. These patients included one with
apositive finding in the tests for antistaphylolysin and antideoxyribonuclease
B, one with positive results for antideoxyribonuclease B and yersinia 9, and
one with positive results for yersinia 3 and salmonella. Five of the controls
had a positive finding in one of the tests, whereas the two others had a

positive finding in tests for both yersinia 3 and yersinia 9. In one patient the
positive result could be explained by an infection that had begun after the
stroke (bedsores with staphylococcal infection and positive results on

serological testing for staphylococci). All other patients with positive results
on serological testing had probably had an infection before their brain
infarction.
No difference was found between patients and controls in the results of

viral serological examination. One patient showed a fourfold change in titre
of antibody to influenza A virus. She had had fever and respiratory
symptoms beginning three days before her brain infarction, but she also had
a high titre of antibody to yersinia 9 (1/640) in all three samples. No change
in titres of antibodies to viruses was found in controls, and the distribution of
high titres was similar in the two groups.

Erythrocyte sedimentation rate measured from 24 to 72 hours after the
brain infarction was raised (above 15 mm in the first hour) in 18 patients and
seven controls (relative risk 2-8 (1 1 to 9 0)). Patients with probable or

proved bacterial infection shown in table II more commonly had raised
erythrocyte sedimentation rates than the remaining patients (8/12 v 10/42;
difference 43% (12-74%)). Leucocyte values above 10 x 109/1 were found
in 14 patients and one control (relative risk 13/0= ot (3 0 to oc)).

TABLE iiI-Positive results from bacterial serological tests in 53
case-control pairs*

No of patients No of controls
(n= 19)t (n=7)f

Antistreptolysin 0 3 2
Antideoxyribonuclease B 7 2
Antistaphylolysin 3
Teichoic acid antibody 2
Yersinia 3 or 9 6 5
Salmonella I

*Nineteen patients v seven controls, relative risk 5-0 (95% confidence
interval 1-4 to 24 0); p<0-01.
tThree patients gave a positive result in two tests (see text).
tTwo controls gave a positive result in two tests (see text).

OTHER RISK FACTORS

The patients and their controls were also interviewed and examined for
other established or suspected risk factors ofischaemic stroke (tables IV and
V). Packed cell volumes and the prevalence of migraine showed no

difference between the patients and controls. The prevalence of febrile and
bacterial infections among patients who were intoxicated with alcohol before
the brain infarction, heavy drinkers, current smokers, or diabetics did not
differ significantly from that among patients without such risk factors.
Serum triglyceride concentrations were higher in the patients than the

controls both immediately after the ischaemic stroke and three months later
(tables IV and V). The high density lipoprotein cholesterol concentration
was lower in the patients immediately after the ischaemic stroke than in the
controls, but the difference was not evident three months later (table V).
Patients with a recent bacterial infection had lower mean high density
lipoprotein cholesterol concentrations than patients without such infection
both immediately after the ischaemic stroke (0-80 mmol/l v 1-15 mmol/l
(95% confidence interval for mean difference 0-17 to 0 53 mmol/l)) and three
months later (0 99 mmol/l v 1-25 mmol/l (0-03 to 0 49 mmol/l)).

Conditional logistic regression analysis for matched pairs was carried out
to investigate the association between preceding febrile infection and
ischaemic stroke when other risk factors of stroke were controlled for. The
effect of preceding febrile infection remained significant when all the risk
factors that were found to be associated with ischaemic stroke in univariate
analysis were included as covariates in the logistic model (table VI). Smoking
and preceding intoxication with alcohol were significantly more common

TABLE Iv-Risk factorsfor ischaemic stroke in patients and controls

No of No of Relative risk (95%
Risk factor patients controls confidence interval)

Preceding febrile infection 19/54 3/54 9-0 (2-2 to 80 0)***
Hypertensiont 12/54 2/54 6-0(1-3 to 552)**
Coronary heart disease4 4/54 0/54 - (0 7 to m)
Hypercholesterolaemia§ 8/47 5/47 1-8 (0-4 to 8-2)
Raised cholesterol to HDL cholesterol

ratio|| 14-47 6/47 3-0 (0 9 to 12-8)
Hypertriglyceridaemia¶ 13/46 2/46 6-5 (1-5 to 59-4)**
Raised blood glucose concentrationjt 3/51 0/51 - (0-4 to ')
Insulin dependent diabetes 2/54 0/54 - (0-2 to x)
Thrombocytosis (>360 x 109/l) 4/52 0/52 - (0-7 to m)
Preceding migraine attack 2/54 0/54 - (0-2 to )
Oral contraceptive use 4/21 3/21 1 5 (0-2 to 18-0)
Smoking state:

Current smokers:
Men 24/33 11/33 5-3(1-5to28-6)**
Women 3/21 7/21 0-4(0-1 to 1 9)

Heavy smokers (>20 cigarettes/day):
Men 6/33 1/33 6-0(07 to 275 8)
Women 1/21 2/21 0-5 (0 0 to 9-6)

Preceding intoxication with alcohol 12/54 2/54 6-0 (1 3 to 55 2)**
Men 10/33 2/33 5 0 (1 to 46-9)*
Women 2/21 0/21 - (0-2 to x)

High intake of alcohol§§:
Men 8/33 2/33 4 0 (0-8 to 38-7)
Women 1/21 1/21 1-0 (0-0 to 78 4)

HDL=High density lipoprotein.
*p<005.
**p<0-02.
***p<0-001.
tSystolic blood pressure >150 mm Hg or diastolic blood pressure > 100 mm Hg measured
from one to four weeks after stroke or continuous treatment with antihypertensive drugs.
tAngina pectoris or myocardial infarction.
§Serum cholesterol concentration >7-0 mmol/A in fasting blood sample (sample taken three
months after stroke in patients).
IIRatio >6-0 in fasting blood sample (sample taken three months after stroke in patients).
¶Serum triglyceride concentration > 1-7 mmol/l in fasting blood sample (sample taken three
months after stroke in patients).
jiConcentration >6-0 mmol/l in fasting blood sample (sample taken one week after stroke in
patients).
#Consumption of over 80 g of absolute alcohol over a few hours during the 48 hours before
stroke examination.
§§Consumption of over 300 g of absolute alcohol during an ordinary week (based on answers
at interview).

TABLE v-Mean (SD) serum lipid concentrations (mmolll) in patients and controls.
Mean differences with 95% confidence intervals between cases and controls in matched
pairs are given

Patients (time after stroke)

24-72 h Three months Controls

Cholesterol 5-7 (1-6) 6-0 (1-6)* 5-6 (1-3)
Mean difference 0-1 (-0 4 to 0-6) 0-4 (-0-1 to 0 9)

High density lipoprotein 1 1 (0 3) 1-2 (0-3)t 1-3 (0-3)
Mean difference -0-2 (-0 3 to -0-1) -0-1 (-0-2 to 0-1)

Triglycerides 1-5 (1-0) 1-4 (1-0) 1-0 (0-4)
Mean difference 0-5 (0-2 to 0-8) 0-4 (0-1 to 0-8)

Cholesterol to high density
lipoprotein cholesterol ratio 5 5 (1-9) 5-3 (1-7) 4 5 (1-4)
Mean difference 0-9 (0-3 to 1-5) 0-6 (-0O to 1-3)

*Mean difference (95% confidence interval) between sample taken 24-72 h after infarction and
that taken three months after infarction 0-4 (0-1 to 0-8).
tMean difference (95% confidence interval) between sample taken 24-72 h after infarction and
that taken three months after infarction 0-1 (0 Ito 0 2).

TABLE vI-Estimated relative risks by conditional logistic regression analysis for
matchedpairs withfebrile infection, hypertension, intoxication with akohol, triglyceride
concentration, and smoking as risk factors

Risk factor Relative risk 95% Confidence interval

Febrileinfection* 14-5 19 to 112-3
Triglyceride concentrationt 3-9 1-0 to 16-2
Hypertensiont 14-4 0-8 to 248-5
Intoxication with alcohols 6-9 0-6 to 83-5
Current smoking 2-0 05 to 7-5

*Fever ¢37 5'C during the preceding month and infectious symptoms.
tChange in risk of ischaemic stroke for one unit (mmol/l) change in triglyceride value.
Patients' triglyceride values are those three months after stroke.
jSystolic blood pressure > 150mm Hg, diastolic blood pressure > 100mm Hg, or continuous
treatment with antihypertensive drugs.
§Consumption of over 80 g of absolute alcohol over a few hours during the 24 hours before
stroke.
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only among male patients. When only the men were studied the effect of
preceding febrile infection still remained significant when tested together
with smoking and preceding intoxication with alcohol (relative risk 26-6 (1 4
to 506 6)).

Discussion

Our results suggest that a febrile infection during a preceding
month is a risk factor for brain infarction. Its effect remained
significant when other risk factors for brain infarction were
controlled for. Such infections were of bacterial origin in most
patients based on cultural, serological, and clinical data, respiratory
infections being the most common.
The patients consisted of all patients with ischaemic stroke under

the age of 50 admitted to Helsinki University Central Hospital. In
Finland patients with strokes are generally admitted to a hospital for
examinations, treatment, and rehabilitation; young and middle
aged patients especially are admitted to university hospitals, where
emergency neurological and neurosurgical services are available.
Thus almost all of the young patients with ischaemic stroke in the
district of Helsinki University Central Hospital were probably
included in this study. Our patients' low mortality (4%) is similar to
that found in other studies of ischaemic stroke in young and middle
aged patients.23 24

Selecting control subjects requires care when studying a possible
relation between infections and other disease. We decided to select
our controls at random from the community. Controls acquired
from the hospital are not suitable for this kind of study because
infections are probably overrepresented in patients in hospital. As
the rate of participation was high (90%) refusals in the control group
probably did not cause any appreciable bias. Socioeconomic state
did not differ significantly between patients and controls so is not a
probable explanation ofour results. To exclude the possible effect of
seasonal variation of respiratory infections control subjects were
examined as soon as possible after their corresponding patient was
admitted. We could not obtain reliable information about past
infections from three patients because of their aphasia or coma, nor
could it be obtained from their relatives; in the statistical analyses
these patients were regarded as not having had past infection.
Preceding infections were studied retrospectively in both patients
and controls. All controls were asked to participate in the exam-
ination regardless of whether they happened to be acutely ill, and
none of them were excluded owing to illness. Many of the patients
with febrile infection (14/19) had either visited a general practitioner
or been at hospital because ofinfection during the preceding month.
Such occurrences would also probably be remembered by the
controls. Furthermore, the results of bacterial serological tests
supported the view of a higher prevalence of preceding bacterial
infections in patients than controls.
The serological tests measured antibodies against four bacterial

genuses: Streptococcus, Staphylococcus, Salmonella, and Yersinia. In
most patients (16/19) the positive antibody titres were against only
one bacterial species. This observation excludes non-specific poly-
clonal immunostimulation and supports specific bacterial infection
as a cause of the positive results. Unfortunately we did not measure
antibodies against pneumococci and Haemophilus influenzae,
two organisms commonly causing sinusitis and other respiratory
infections. Thus a more complete set of bacterial serological tests
might have yielded even more positive results in the patients. Our
earlier report provided serological evidence of recent bacterial
infection in patients with cerebral infarction,'8 which was confirmed
in this case-control study.

Several studies suggested that infections were a risk factor for
stroke,'"-"25-28 respiratory infections being the most common.2-1726
These studies were, however, case reports or not adequately
controlled. Janaki et al reported that an infection with fever
preceded cerebral infarction in 10 of their 26 patients under 20 years
of age; in keeping with our results infections were mostly of
bacterial origin.25 The best known example of the association of
bacterial infection and stroke is infective endocarditis; cerebral
infarction is a complication in 10-15% of cases of bacterial endo-

carditis.89 In this study two patients (4%) had cerebral infarction
due to endocarditis.
Both preceding intoxication with alcohols and a high intake of

alcohol6 are associated with ischaemic stroke, which agrees with our
results. Hypertension is a well known risk factor for ischaemic
stroke,' 29 which we also found. The low prevalence of hypertension
and coronary heart disease among our patients is probably due to
their young age and agrees with other studies in Scandinavia.5 '3

Information on the association between high density lipoprotein
cholesterol concentration and ischaemic stroke is contradictory.
Although some studies have reported a low serum high density
lipoprotein cholesterol concentration in patients with ischaemic
stroke,3S32 others have not observed such a relation.33-35 Our results
may in part explain these conflicting results. Thus high density
lipoprotein cholesterol concentration was significantly lower in the
patients than the controls immediately after admission to the
hospital, but the difference disappeared over three months. There-
fore, low high density lipoprotein cholesterol concentration in
patients with ischaemic stroke may be a result rather than the cause
of the disease. In agreement with several reports we found no
difference in serum cholesterol concentration between patients with
ischaemic stroke and controls.3 13303233 Data on serum triglyceride
concentrations in cerebrovascular disease are limited. In agreement
with a previous investigation we found significantly higher serum
triglyceride concentrations in patients than controls.3 Infections are
known to cause alterations in lipid values.3637 Indeed, our patients
who had had bacterial infections had lower high density lipoprotein
cholesterol concentrations than those without such a history.

Several risk factors for ischaemic stroke, such as alcohol,
smoking, and diabetes, may alter susceptibility and immunity to
infections. Thus a high prevalence of febrile infections among
patients with brain infarction may result from a high prevalence of
these underlying common risk factors for ischaemic stroke. This is
not, however, a likely explanation as the prevalence of febrile
infections did not differ significantly between the patients who were
diabetics, smokers, heavy drinkers, or intoxicated with alcohol
before the brain infarction and those who were not. Furthermore,
logistic regression analysis indicated that febrile infection was a
significant risk factor for brain infarction even when the effect of
other risk factors was taken into account.

In our study the possible mechanisms between infection and
infarction were undetermined except for those infarctions that were
probably caused by septic emboli in endocarditis. Among patients
with a bacterial infection during one month before the stroke
(table II) only one patient had another preceding factor-namely,
intoxication with alcohol-that may predispose to thrombosis.
Infections may induce thrombosis and brain infarction by several
mechanisms. In septicaemia and endocarditis the probable mechan-
ism is formation of a thromboembolus, vasculitis, or disseminated
intravascular coagulation. Infection in the region ofneck and throat
has been suggested to cause a local inflammatory arteritis of the
carotid leading to cerebral infarction. 12 Infection and inflammation
cause many systemic effects including changes in aggregation of
platelets, lysis of platelets, spasms in vascular smooth muscle,
and changes in the blood coagulation system.3839 Immune com-
plexes induced by the infection can cause vasculitis and platelet
aggregation.' Immunological disorders have also been suspected to
play a part in atherosclerosis.4142

In conclusion, our data suggest that a preceding febrile infection
is a significant and previously underestimated risk factor for brain
infarction in patients under 50 years of age.
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SHORT REPORTS
Percutaneous renal embolisation in
renovascular hypertension
Renal embolisation has proved to be useful in treating severe hypertension in
patients receiving haemodialysis and after transplantation.1 2 It has also been
used in few patients with renovascular hypertension,34 but these patients
were evaluated for only a short period after embolisation.
We report the first prospective study of the long term effects of

percutaneous renal embolisation on blood pressure and renal function
in patients with severe renovascular hypertension not manageable with
conventional treatments.

Methods and results

The table gives the clinical characteristics of the patients, and the results of
diagnostic investigation and the effect of embolisation on blood pressure. The

patients were selected for embolisation because it would have been impossible to
perform percutaneous transluminal angioplasty or surgical bypass; they were at
high risk from radical nephrectomy; they needed large resections of normal renal
parenchyma; and their hypertension was poorly controlled by medical treatment
or they had a high incidence of side effects, or both.

Total renal embolisation was carried out in six patients (cases 1-6).5 Renal
ablation was limited to the portion of the kidney supplied by abnormal vessels in
two patients with intralobular stenosis (cases 7 and 8). After embolisation blood
pressure was recorded daily. Serum concentrations of urea and creatinine were
measured the day before and two, four, and six days after embolisation. Patients
were discharged and examined as outpatients one month later and every two
months thereafter.

Five patients were regarded as cured (showing a decrease in blood pressure to
150/90 mm Hg or less without antihypertensive treatment) and three were
regarded as improved (showing a decrease in blood pressure to 150/90 mm Hg
or less with concomitant antihypertensive treatment). Five months after embo-
lisation blood pressure rose progressively in one patient (case 4), who had refused
repeat pyelography and arteriography.
Serum creatinine concentrations were slightly but significantly increased (from

85 (SE12) to 106 (16) tmol/l; p<00025) two days after embolisation but returned

Clinical data on patients undergoing renal embolisation and effects ofembolisation on blood pressure

Before embolisation After embolisation

Blood Blood
Age pressure pressure

Case No Sex (years) Arteriographic features (mm Hg) Daily treatment Months (mm Hg) Daily treatment

I F 24 Right renal hypoplasia 160/120 Muzolimine 30mg, captopril 150mg 31 120/70 None
2 M 44 Atherosclerotic stenosis of right artery (90%) 240/130 Metoprolol 300 mg, clonidine 300 [tg, 49 130/80 None

frusemide 25 mg, spironolactone 200 mg
3 M 54 Thrombosis ofmain left renal artery and 220/120 Methyldopa 1000 mg, frusemide 25 mg, 7 120/80 Labetalol 100 mg,

collateral vessels hydralazine 75 mg chlorthalidone 10mg
4 M 58 Thrombosisofmainleft renal artery and 240/140 Nifedipine40 mg, captopril 100mg, 5 150/80 Enalapril 20mg, clonidine

collateral vessels clonidine 450 [cg, hydralazine 75 mg, 450 sg, hydralazine 25 mg
chlorthalidone 25 mg

5 M 64 Thrombosis ofmain left renal artery and 180/100 Methyldopa 500mg, clonidine 300 cg, 7 120/70 None
collateral vessels hydrochlorothiazide 50 mg

6 F 50 Thrombosisofmain right renal artery and 210/120 Nifedipine 30mg, oxprenolol 240mg, 33 150/80 None
collateral vessels spironolactone 100 mg

7 M 7 Stenosis ofintralobularartery at lowerpole of left 170/115 Clonidine 150 ig, hydralazine 37 5mg, 17 120/70 Captopril 25mg
kidney captopril 75 mg

8 F 13 Stenosisofintralobularartery at upperpole of 170/130 Atenolol I00mg, hydralazine 75mg 59 110/80 None
left kidney
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