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Abstract
In an attempt to distinguish between the
CT characteristics of strokes of presumed
cardioembolic origin and strokes caused
by arterial disease, a comparison was
made between the baseline CT of two
prospective cohorts of patients with transient ischaemic attack or minor
ischaemic stroke, with (n = 985) or without (n = 2987) non-rheumatic atrial fibrillation (NRAF). Of the patients with
NRAF 54% had evidence of cerebral
infarction v 41% of the controls (patients
with sinus rhythm (SR); odds ratio (OR)
1-7; 95% confidence interval (95% CI)
1 4-19). Patients with NRAF more often
had multiple infarcts (OR 1-4; 95% CI
1-1-1*8), and more often infarcts that
were not related to current neurological
symptoms (OR 1-5; 95% CI 1-2-1*8). For
symptomatic infarcts, patients with
NRAF more often had cortical end zone
infarcts (OR 3-1; 95% CI 26-3*8) and cortical border zone infarcts (OR 1-9; 95%
CI 1.3-2.9) than patients with SR.
Conversely, symptomatic small deep
infarcts (lacunae) were more often seen
in patients with SR (OR 3 9; 95% CI
2*8-5*4). Multivariate analyses showed
that all these findings were independent
of differences in baseline characteristics
between the two study groups. The CT
characteristics overlapped and did not
allow a reliable distinction between cardioembolic and atherosclerotic causes of
stroke in patients with NRAF.
( Neurol Neurosurg Psychiatry 1995;59:132-137)
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seen

around the time of onset of atrial fibrilla-

tion,34 the rate of embolism in patients with
thyrotoxic atrial fibrillation can be as high as
30%,j and epidemiological studies indicate a
fourfold to 10-fold increased risk of stroke in

patients with non-rheumatic atrial fibrillation,

without a concomitant increase in risk of
ischaemic heart disease.67
Because prognosis and choice of secondary
preventive treatment possibly differ according
to whether the suspected cause of the stroke is
of arterial or cardiac origin, the distinction is
important in individual cases. Numerous classification schemes have been proposed that
are based on a combination of clinical, laboratory, and sometimes, pathology data, and are
mostly derived from literature reviews.89
These classification schemes usually include
typical CT characteristics (for example, large
ischaemic lesions with cortical involvement,
multiple lesions in different vascular territories, isolated posterior infarcts), that might
help to distinguish between cerebral infarcts
caused by embolism from the heart or
embolism from vessel walls that have been
damaged by atherosclerotic degeneration in
patients with NRAF. These criteria are based
on few studies that have actually assessed CT
differences between cardioembolic and
thromboembolic stroke. Most studies
included patients with sources of cardiac
embolism other than NRAF-for instance,
patients with rheumatic heart disease, prosthetic valves, or recent myocardial infarction.'1 13 Studies focusing specifically on CT
characteristics of stroke patients with nonrheumatic atrial fibrillation were usually
small'4 17 and most did not provide a comparison with CT in stroke patients without atrial
fibrillation.'4 17

Keywords: computed tomography; cerebral ischaemia;
non-rheumatic atrial fibrillation; cardioembolism;
thromboembolism

Although the role of non-rheumatic atrial fibrillation (NRAF) as a risk factor for stroke has
been well established by several epidemiological studies,' 2 the pathogenesis of strokes
related to NRAF continues to be uncertain.
The presence of NRAF in itself is insufficient
evidence of cardiogenic embolism to the
brain, as NRAF might also be a mere marker
of coexistent atherosclerotic disease, present
in a large percentage of the elderly population.
Both direct and indirect arguments, however,
support a more causal relation between atrial
fibrillation and cerebral ischaemic episodes. A
distinct clustering of ischaemic episodes is

We have compared the CT characteristics
in two prospectively studied cohorts of
patients with transient ischaemic attack or
minor ischaemic stroke, with (n = 985) or
without (n = 2987) non-rheumatic atrial fibrillation.
Patients and methods
Details on CT characteristics of patients with
NRAF presenting with symptoms of transient
ischaemic attack or minor ischaemic stroke
were derived from a cohort of 1007 of these
patients that were studied in the European
Atrial Fibrillation Trial, a multicentre randomised clinical trial assessing the value of
oral anticoagulants and aspirin in the secondary prevention of vascular complications.'8
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Comparison of CT in patients with cerebral
ischaemia with or without non-rheumatic atrial
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Comparison of CT in patients with cerebral ischaemia with or without non-rheumatic atrialfibrillation

Table 1 Comparison of CTfindings in patients with a recent transient ischaemic attack
or minor ischaemic stroke, with sinus rhythm (SR) or with non-rheumatic atrial

fibrillation (NRAF)
Brain CT characteristics
White matter hypodensity
Moderate
Severe
No ischaemic lesions on CT
Single ischaemic lesion
Not related to qualifying event
Uncertain relevancy
Symptomatic
Cortical end zone
Cortical border zone
Cerebellar or brain stem
Large subcortical
Small subcortical
Multiple ischaemic lesions
All non-related
Uncertain relevancy
One symptomatic lesion
Cortical end zone
Cortical border zone
Cerebellar or brain stem
Large subcortical
Small subcortical
Infarcts in multiple territories
Only small vessel disease
Only large vessel disease
Both small and large vessel
No prior cerebrovascular events in the
past year

Column percentages are given in parentheses.

Sinus rhythm
(n = 2987)

Atrialfibrillation

333 (11)
238 (8)
95 (3)
1748 (59)
985 (33)
219 (7)
24 (1)
742 (25)
227 (8)
49 (1)
33 (1)
112 (4)
321 (11)
254 (9)
31 (1)
3 (< 1)
220 (7)
42 (1)
17 (< 1)
9 (< 1)
25 (1)
127 (4)
198 (7)
115 (4)
66 (2)
73 (2)

165 (17)
133 (14)
32 (3)
453 (46)
417 (42)
91 (9)
10 (2)
316 (32)
182 (18)
28 (3)
17 (2)
53 (5)
36 (4)
115 (12)
24 (2)
4 (< 1)
87 (9)
50 (5)
13 (1)
9 (1)
8 (1)
7 (1)
97 (10)
13 (1)
60 (6)
42 (4)

170 (6)

81 (8)

(n = 985)

(large subcortical, end zone, and border zone
infarctions) were presumed to be associated
with large vessel disease. White matter hypodensity with ill defined borders was interpreted and recorded as periventricular
leukoencephalopathy.2' Scans with multiple
infarcts that could not be explained by occlusion of a single intracerebral artery or its
branches and those showing multiple border
zone infarcts, or border zone infarcts in combination with cortical infarcts in vascular territories not involved in the border zone area,
were regarded as indicating involvement of
multiple territories. During the auditing procedure clinical details were not given until the
relevance of the recorded CT abnormalities
had to be assessed. Focal hypodensities of
presumably vascular origin that were not
related to the qualifying event were classified
as non-related ischaemic lesions. No attempt
was made to blind reviewers for the allocation
of the patients (SR or NRAF). Baseline information on both groups had been prospectively
obtained at study entry on standardised
forms. Although different forms were used for
the two studies, the information about the
presence of major vascular risk factors such as
hypertension, diabetes mellitus, hypercholesterolaemia, previous cardiovascular events or
surgery, angina pectoris, intermittent claudication, and current smoking was recorded
according to the same criteria. Information on
clinical features, functional disability, duration of neurological deficits, and ancillary
investigations (cardiothoracic ratio, glucose
concentrations, and packed cell volume) also
satisfied the same criteria. In the sinus rhythm
group no systematic information was obtained
on the presence of carotid artery disease; nor
was echocardiography routinely performed.
Data were analysed with the statistical
package for social sciences (SPSS), Epistat
and EGRET statistical software. Differences
in CT and baseline characteristics between
the two study groups were evaluated by x2 test
for categorial data and a t test for continuous
data. Comparisons were expressed as odds
ratios (ORs) with the corresponding 95%
confidence intervals (95% CIs). Multivariate
logistic regression analyses were performed to
assess whether differences in CT characteristics could be attributed to differences in baseline characteristics.
Results
The total group of patients studied comprised
1524 (37%) women and 2596 (63%) men.
The mean age was 66-9 (SD 10) years with a
minimum age of 29 and a maximum age of
96.
FREQUENCY OF ISCHAEMIC LESIONS

Table 1 lists the CT characteristics in patients
with NRAF and SR. Of the CT available for
analysis (n = 3972), 2201 (55%) showed no
evidence of ischaemic infarction. The percentage of normal scans was smaller in the
NRAF group (46%) than in the SR group
(59%) (OR 0-6; 95% CI 0-5-0 7), despite
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Five patients were excluded from the analysis
because their scan showed evidence of a cerebral tumour (one patient), a primary intracerebral haemorrhage (one patient), or because
they had no evidence of atrial fibrillation
(three patients). In another 17 patients no CT
was available, leaving 985 scans for analysis.
The control group, in which we also analysed
CT, consisted of 2987 patients in sinus
rhythm (SR) who had no known potential
source of cardiac embolism and who had also
presented with transient ischaemic attacks or
non-disabling ischaemic strokes. These control patients were part of a study cohort of
3150 patients randomised in the Dutch TIA
Trial, a study which aimed to investigate the
protective effects of low dose aspirin and
atenolol in transient ischaemic attack and
patients with minor ischaemic stroke.'9
Twenty three patients of this cohort had been
incorrectly entered (no cerebral ischaemia)
and another nine were known to have atrial
fibrillation. Of the remaining 3118 patients,
no CT was available in 131.
For both study populations, CT was
mandatory at study entry (except for patients
with transient monocular blindness in the
Dutch TIA Trial) and patients had to be randomised within three months of their (last)
cerebrovascular event. The scans of both
patient groups were independently reviewed
by at least two neurologists from a group of
four investigators who used the same protocol
for both studies. Visible infarcts were classified according to gross location (left or right
hemisphere or posterior fossa), vascular territory,20 and to whether or not the cortex was
involved. Subcortical infarctions were further
classified as being small (S 15 mm) or large
(> 15 mm). Small subcortical (lacunar)
infarctions were considered indicative of small
vessel disease; all other ischaemic lesions
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18% of the scans in the NRAF group having
been made within 24 hours of the onset of
neurological symptoms, v 8% in the SR
group. Patients with NRAF more often had
multiple ischaemic lesions visible on their
scans (12%) than patients with SR (9%) (OR
1-4; 95% CI 1-1-1.8). Of the patients with
multiple ischaemic lesions, more than one
vascular territory was involved in 84% (79%
for patients with SR). In keeping with this
finding patients with NRAF more often had
infarcts on CT that could not be ascribed to
their current neurological symptoms (20% v
15%; OR 1-5; 95% CI 1-2-1-8). Compared
with patients with SR, patients with NRAF
more often had only large vessel infarcts on
CT than only small vessel lesions (OR 5-1;
95% CI 3-9-6&6).
White matter hypodensity was found in
17% of all patients with only small vessel
infarcts v 10% of the patients with only large
vessel infarcts (OR 1-8; 95% CI 1A4-2-4), but
this association was stronger in patients with
SR (OR 2-7; 95% CI 1-8-4-0) than in patients
with NRAF (OR 1 1; 95% CI 0-6-2-2).
Isolated infarcts in the territory of the posterior cerebral artery were more often seen in
patients with NRAF (OR 1 8; 95% CI
1 3-2-5).
TYPE OF SYMPTOMATIC INFARCTION

2.5

(FIGURE)

Patients with NRAF more often had symptomatic cortical end zone infarcts (24% v 9%;
OR 3-1; 95% CI 2-6-3 8) and symptomatic
cortical border zone infarcts (4% v 2%; OR
1-9; 95% CI 1-3-2-9) than patients with SR.
Symptomatic cerebellar or brainstem lesions
also occurred more often in patients with
NRAF (4% v 1%; OR 1L9; 95% CI 1-2-3-1).
For symptomatic subcortical infarcts, small
deep (lacunar) lesions were more often found

in patients with SR (15% v 4%; OR 3T9; 95%
CI 2.8-5-4), whereas in patients with NRAF
large subcortical infarcts (> 15 mm) were
more common (6% v 5%; OR 1-4; 95% CI
1 *0-1 *9).
NON-RELATED INFARCTS

Patients with NRAF more often had infarcts
on CT that could not be ascribed to the qualifying symptoms (OR 1-5; 95% CI 1.2-1-8).
In the patients with SR, 434 had evidence of
previous stroke (14%). These patients had a
total of 500 currently asymptomatic infarcts,
67% of which were small and deep (lacunar),
16% cortical, 7% large subcortical, 7% border
zone, and 3% in the cerebellum or brain stem.
In the NRAF group, 197 patients had evidence of previous stroke on CT (20%). Thirty
six per cent of the total 240 currently asymptomatic ischaemic lesions were of the small
deep (lacunar) type, 37% were cortical, 9%
large subcortical, 10% border zone, and 8%
were in the cerebellar cortex or the brain
stem. Thirty three per cent of the patients
with NRAF and 31 % of the patients with SR
with non-related infarct(s) on CT had
reported cerebrovascular symptoms in the
year before study entry. Another 2% of the
patients with NRAF had had symptomatic
cerebrovascular events before that time; this
information was not available for patients in
the SR group.
BASELINE CHARACTERISTICS

Table 2 shows that there were some differences in baseline characteristics between
patients with NRAF and those with SR, most
of which were significant because of the large
numbers of patients studied. Patients with
NRAF were older and more often female.
With the exception of smoking habits, well
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Companison of CT
characteristics between
patients with ischaemic
stroke with non-rheumatic
atrialfibrillation or sinus
rhythm. Horizontal lines
represent 95% CIs. Dotted
lines represent ORs and
95% CIs after adjusting
for differences in baseline
characteristics.
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SR (n = 3118)

grade for handicap at study entry was 2 or
over in 41% of the patients with NRAF v 21%
of the patients with SR (OR 2-6; 95% CI
2 2-3O0).

NRAF (n = 1002)
SPECIFICITY OF CT CHARACTERISTICS

Demographics:
Male
Age (y (SD))
Neurological state:
Symptoms lasted < 24 hours
Rankin grade > 1 at study entry3'
CT available
CT made within 24 hours
History of vascular events:
Prior myocardial infarction
Vascular surgery
Cerebrovascular events in the past year
Vascular risk factors:
History of hypertension
Hypercholesterolaemia
Diabetes
Current regular smoking
Angina pectoris
Intermittent claudication
Additional investigations:
Systolic blood pressure > 160 mm Hg
Diastolic blood pressure > 100 mm Hg
Packed cell volume > 0-45 1/1
Glucose > 7O0 mmol/l
Cardiothoracic ratio on chest radiograph
> 0 50
***p

<

65-3
65-1 (10)

55.8***
72-7 (8)***

31 9
21 5
95 8

22 9***
41.3***

7-8

98-3***
17-8***

9-8
1 5
31 5

8-1
2-4
22-0***

41
3
7
44
9
5

3
0

47 0***
9 6***
12 9***
18.8***
10 9***
4-2

35-5
14 5
39-6
15-7

19-7***
5 0***
29-1***
16 9

10-2

23-5***

9
7
9
8

0-001.

known vascular risk factors such as a history
of hypertension or diabetes were present more
often in patients with NRAF. Measured blood
pressures at study entry, however, were significantly lower in the NRAF group (mean systolic blood pressure 158 mm Hg in patients
with SR and 148 mm Hg in patients with
NRAF, mean diastolic blood pressure 91 mm
Hg and 86 mm Hg; t test p < 0-0001 for
both). A remarkable difference between the
two groups was the high rate of hypercholesterolaemia in patients with NRAF (9-6% v
3-7%). This probably reflects the difference
between a multinational European patient
cohort (the patients with NRAF) and a Dutch
cohort of patients (SR group), an explanation
confirmed by the finding that of the Dutch
patients with NRAF (n = 187) only 3-7% had
hypercholesterolaemia. When only Dutch
patients with NRAF were compared with
their counterparts with SR all other reported
differences in baseline characteristics were
confirmed but the absolute differences were
slightly smaller in all instances and did not
always reach significance. Cardiomegaly
(defined as a cardiothoracic ratio > 0 50 on
chest radiographs) was more often found in
patients with NRAF (OR 2-7; 95% CI
2 3-3 3). All reported differences in CT characteristics between patients with SR and those
with NRAF remained essentially the same
after adjustment for differences in baseline
characteristics. In both study groups, 50% of
all patients with only small vessel disease had a
history of hypertension v 43% of the patients
with only large vessel involvement (OR 1 4;
95% CI 1 1-1-7), and 40% of the patients
without infarcts on CT (OR 1-5; 95% CI
1-3-1-8).
Patients with NRAF less often showed
complete recovery within 24 hours than
patients with SR (22-9% v 31-9%; OR 0-6;
95% CI 0 5-0-8). Accordingly, the Rankin

On the premise that the mere presence of
NRAF alone is not sufficient for the diagnosis
of cardioembolic stroke, we assessed whether
certain CT characteristics were associated
with NRAF rather than with SR. For patients
with visible infarcts on their CT, the least typical finding in patients with SR was the presence of multiple large vessel infarcts in
different vascular territories and isolated posterior artery infarcts that were found in only
4% and 8% respectively of these patients.
Unfortunately these characteristics also
occurred in a few patients with NRAF (9%
and 1 1% respectively).
Fifty one per cent of patients with SR with
visible ischaemic lesions on CT had only
infarcts (single or multiple; symptomatic or
non-related) of the small deep type, a finding
occurring in only 17% of the patients with
NRAF.
Discussion
This study shows that patients with a transient ischaemic attack or minor ischaemic
stroke in combination with NRAF relatively
often have (a) large infarcts (> 15 mm), either
cortical or subcortical; (b) infarcts in different
vascular territories; (c) currently asymptomatic infarcts; and (d) isolated infarcts in the
territory of the posterior cerebral artery.
These differences accord with the most commonly used criteria for cardioembolic
stroke.10'72223 Despite these significant differences in CT features between NRAF and SR,
the characteristics, alone or in combination,
overlap and do not in individual cases allow a
reliable distinction as to whether the presence
of NRAF is causal or incidental. In patients
with ischaemic lesions on their scan, the
socalled typically cardioembolic CT features
(large infarcts in different arterial territories,
and isolated infarcts in the territory of the
posterior cerebral artery) were indeed found
in only a few stroke patients in sinus rhythm
(4% and 8% in our series, respectively), but
also in only 9% and 1 1% of our patients with
NRAF.
A weakness of our study is the problem of
potential selection bias, which may have
occurred in both study populations. For
instance, patients with atrial fibrillation were
more likely to be entered into the European
Atrial Fibrillation Trial if they had conventional evidence of cardiogenic embolism such
as a cortical infarct or infarcts in multiple territories, and less likely if they showed a lacunar
infarct. Such preselection could explain at
least part of the differences between groups.
The finding that isolated infarcts in the territory of the posterior cerebral artery were more
common in patients with atrial fibrillation
may represent another example of selection
bias in that transient hemianopia is rarely
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Table 2 Comparison of baseline characteristics in patients with a recent transient
ischaemic attack or minor ischaemic stroke, with and without non-rheumatic atrial
fibrillation
Baseline characteristics

135

136

van Latum, Koudstaal, Kappelle, van Kooten, Algra, van Gijn

For baseline characteristics, one of the
most striking findings was that of lower systolic and diastolic blood pressure measurements at study entry in the NRAF group than
in the SR group, despite the fact that patients
with NRAF more often had a history of
hypertension. Because patients with NRAF
could be randomised to anticoagulant treatment, poorly controlled patients were mostly
excluded and extra care might have been
taken to achieve proper control of blood pressure. On the other hand, the lower diastolic
blood pressure in patients with NRAF could
reflect a more progressive state of atherosclerotic disease with stiffening of the vessel
wall.30 A more plausible explanation would be
the difficulty of obtaining consistent blood
pressure measurements in patients with
NRAF. The other differences in baseline
characteristics between patients with NRAF
and those with SR (more often female, more
often diabetic, less often current smoking) can
mostly be attributed to the higher mean age of
the patients with atrial fibrillation. The higher
prevalence of cardiomegaly in patients with
NRAF probably reflects a longstanding history of hypertension, chronic atrial fibrillation, or both. Neurological deficits tended to
last longer and be more severe in patients with
NRAF than in those with SR, which is in
agreement with the finding that CT patients
with NRAF more often showed cerebral
infarcts in general, and large infarcts in particular. It might also explain why patients with
SR had more often reported ischaemic events
in the past. Patients with NRAF who had had
earlier events would have been too disabled to
enter the trial.
The results of CT comparisons reported in
this study may have been biased because the
reviewers were aware whether patients had SR
or NRAF. On the other hand, these reviews
were intended to establish a baseline register
for each of the two trials, and not to compare
the two groups. Another potential source of
bias might have been the fact that CT in the
Dutch TIA Trial was earlier, between 1986
and 1989, and therefore may have been of
lesser quality than the European Atrial
Fibrillation Trial (1988-92). If this had
indeed been a problem fewer small deep
infarcts (sometimes difficult to distinguish on
second generation CT) would have been
found in the SR group; this was not the case.
Finally, in interpreting all significant
differences between NRAF and SR groups,
both of CT and baseline characteristics, one
should keep in mind that because of the large
study size even small differences become significant but that the clinical relevance of many
of these reported differences is not always
clear.
We conclude that, although there are striking differences in CT features between
patients with stroke with or without nonrheumatic atrial fibrillation, these differences
are of little help within the group of patients
with NRAF in distinguishing between strokes
of presumed cardioembolic origin and strokes
caused by arterial disease.
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reported as a transient ischaemic attack and
once infarction has occurred in the occipital
cortex vision rarely recovers so "minor"
occipital strokes are uncommon. Furthermore, patients with severe carotid stenosis are
likely to have been excluded from the Dutch
TIA Trial, although carotid stenosis or
planned carotid endarterectomy was not an
exclusion criterion. In a future study, we will
examine differences between patients entered
into the European Atrial Fibrillation Trial
with carotid territory symptoms and patients
in sinus rhythm with severe carotid stenosis in
the European Carotid Surgery Trial.
A CT feature that is usually thought to be
typical for atherosclerotic small vessel disease
is the presence of only small deep (lacunar)
infarction. Our study shows that infarcts in
the territory of the penetrating arteries occasionally occur in patients with NRAF, as
reported by previous studies,24 25 but these
usually involve more than one penetrating
artery. Lacuae, which are thought to be
caused by (local) obstruction of a single penetrating artery and which are often associated
with arterial hypertension, were seen significantly more often in the SR population. As
many as 17% of the patients with NRAF with
visible ischaemic lesions on CT, however, had
only small deep infarcts (v 51% of the patients
with SR). In 36% of the patients with NRAF
and in 29% of patients with SR with multiple
ischaemic lesions, small deep infarcts were
seen together with the larger infarcts.
Although hypertension was present significantly more often in patients with only small
ischaemic lesions on CT than in patients with
only large ischaemic lesions both in patients
with NRAF and those with SR, the absolute
difference (50% v 43%) was not impressive,
as found earlier.26 These findings might suggest that there is no direct causal relation
between NRAF and lacunar infarcts, and that
their coexistence should be considered as two
different expressions of atherosclerosis in the
same patient. Alternatively, atrial fibrillation
can be the direct cause of lacunar infarcts in a
small percentage of patients.
An important drawback of the presented
study is the lack of a gold standard with which
to distinguish between infarcts caused by cardiac emboli, emboli from vessel walls with
atherosclerotic plaques, or local small vessel
occlusion. Even with additional information
from carotid angiography and echocardiography, one can only guess at the most probable
underlying pathogenesis of an ischaemic
event. There is a great overlap in the type and
size of infarcts caused by cardiogenic emboli
and those caused by arterial disease.27 29 In
part the modest discriminatory value of CT
for the current study group may also be
explained by the selection of patients that had
only minor or transient neurological symptoms. Possibly, because of this selection, the
source of embolism in patients with NRAF
was often in the arterial system (causing
smaller infarcts) and not in the heart, other
than in the entire population of stroke patients
with NRAF.
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