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Recurrent stroke after transient ischaemic attack
or minor ischaemic stroke: does the distinction
between small and large vessel disease remain true
to type?

L J Kappelle, J C van Latum, J C van Swieten, A Algra, P J Koudstaal, J van Gijn for the
Dutch T I A Trial Study Group

Abstract
The incidence and vascular type ofrecur-
rent ischaemic stroke was studied in
patients with supratentorial transient
ischaemic attacks or non-disabling
ischaemic strokes, who were treated with
aspirin (30 or 283 mg). Patients were
divided into groups with small vessel dis-
ease (SVD) (n = 1216) or large vessel dis-
ease (LVD) (n = 1221) on the grounds of
their clinical features and CT at baseline.
Patients with evidence of both SVD and
LVD (n = 180) were excluded from fur-
ther analyses. During follow up (mean 2 6
years) annual stroke rate was 3-6% in
both groups. Of the 107 patients with
SVD at baseline who had recurrent
strokes, 83 proved to have an identifiable
infarct: 30 (28%) again had a small vessel
infarct, 39 (36%) had a large vessel
ischaemic stroke and in 14 (13%) the
recurrent ischaemic stroke was in the
posterior fossa. Of the 110 patients with
LVD at baseline and recurrent stroke, 91
had an identifiable infarct: 67 (61%)
again had a large vessel ischaemic stroke,
16 (15%) had a small vessel ischaemic
stroke, and eight (7%) had the recurrent
ischaemic stroke in the posterior fossa.
Thus patients with a transient ischaemic
attack or non-disabling ischaemic stroke
caused by LVD were more likely to have
an ischaemic stroke of the same vessel
type during follow up than patients with
SVD (relative risk 2-2; 95% confidence
interval 1-5-3-4). Possible explanations
for this difference are: (1) patients with a
small vessel ischaemic stroke at baseline
had both SVD and LVD or were misdiag-
nosed; (2) recurrent small vessel
ischaemic strokes may have occurred
more often than reported, because they
were silent or only minimally disabling;
(3) recurrent large vessel ischaemic
strokes occurring in patients initially
diagnosed as having SVD might have
been related to potential cardiac sources
of emboli that had not been previously
recognised; (4) the antiplatelet drug
aspirin (30 or 283 mg) prescribed in this
patient group may have prevented
thrombosis in small vessels better than in
large vessels.

(7 Neurol Neurosurg Psychiatry 1995;59:127-131)
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Cerebral ischaemia can be classified according
to underlying pathogenesis, duration of the
neurological deficit, affected region of the
brain, or the type of vessel involved. For the
last classification a useful distinction is that
between small vessel and large vessel involve-
ment. In the case of large vessel disease
(LVD) artery to artery embolism, or, in a
minority, local obstructive thrombosis has
caused occlusion of one of the large cerebral
arteries or their main branches.' By contrast,
small deep (lacunar) infarcts are usually
caused by occlusion of a small perforating
artery at the base of the brain (small vessel
disease (SVD)).2 In this case the underlying
arterial lesion usually involves the perforating
artery itself,3 but can also involve the parent
artery from which it originates.4 The clinical
features of lacunar infarction are very specific;
only 6% of patients with lacunar syndromes
have lesions other than lacunar infarcts on
CT.56 Even if the deficits are transient, most
patients with SVD can be reliably distin-
guished on the basis of the history alone.7

Differentiation between SVD and LVD is
important not only for a better understanding
of the pathophysiology, but also for practical
reasons. Patients with SVD have a lower mor-
tality and better chances of recovery than
patients with LVD.89 It is unknown whether
antiplatelet drugs that reduce the overall risk
of ischaemic stroke by almost 25% are equally
effective in patients with SVD or LVD,
because this issue was not considered in
placebo controlled stroke prevention trials. It
is also uncertain if carotid endarterectomy
should be performed in cases of ischaemic
small vessel stroke. Until now, it has been
unclear even whether vessels involved in
recurrent ischaemic stroke are of the same
type (small or large) as the initial transient
ischaemic attack or non-disabling ischaemic
stroke. We have considered this issue in the
present study using a patient cohort from the
Dutch TIA trial.

Patients and methods
The Dutch TIA trial was a double blind, ran-
domised study in which 3150 patients from
63 Dutch neurological centres were
enrolled.'I0' The study aimed to compare the
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effectiveness of two doses of aspirin (30 mg
and 283 mg/day) in preventing important vas-
cular events in patients who had had a tran-
sient ischaemic attack or non-disabling
ischaemic stroke (Rankin grade < 3)12 within
the past three months. At the same time, the
treatment effect of atenolol (50 mg) was com-

pared with that of placebo by means of a two
by two factorial design. Not included were

patients with potential sources of embolism in
the heart or conditions other than atheroscle-
rosis that might have caused the cerebral
ischaemia.

In the Dutch TIA trial details of the history
and the presence of vascular risk factors of
each patient were recorded at baseline on a

standard checklist.'3 Brain CT was mandatory
except in cases of transient monocular blind-
ness. The scans were re-reviewed specifically
for this study by two independent neurologists
or a neurologist and a neuroradiologist. In
cases of disagreement another neurologist
arbitrated. Cerebral infarcts were classified as

having been caused by SVD (small deep
infarcts with an axial diameter < 15 mm) or

by LVD (subcortical infarcts with an axial
diameter > 15 mm, border zone infarcts, or

superficial infarcts). After classification the
observers were given access to the clinical
details to assess the clinical relevance of the
infarcts. An infarct was judged to be asympto-
matic if the presenting clinical features were

not likely to have been caused by the lesion
that was visible on CT.

For the present study, the following exclu-
sion criteria were applied: non-ischaemic
cause for the neurological deficit, no CT
available, transient monocular blindness, or

clinical findings suggesting ischaemia in the
posterior fossa. This last group of patients was
excluded because we thought that it was

impossible to classify them confidently as hav-
ing either SVD or LVD. Cortical syndromes
were diagnosed if the clinical features
included language disorder, hemianopsia,
apraxia, or neglect. Lacunar syndromes were

defined as unilateral motor or sensory deficit
without evidence of cortical findings. On the
basis of the clinical features and CT findings
patients were divided into three groups: (a)
SVD (symptomatic lacunar infarct(s) on CT,
or clinical features typical of a lacunar
syndrome with normal CT, or only asympto-
matic lacunar infarcts), (b) LVD (sympto-
matic cortical infarct(s) on CT, or clinical

features typical of a cortical syndrome with
normal CT, or only asymptomatic cortical
infarcts on CT), and (c) patients in whom the
clinical features together with the CT find-
ings, or the CT findings alone, showed evi-
dence of both SVD and LVD. This last group
was excluded from further analysis.

Recurrent stroke during follow up (mean
2-6 years), was defined as the occurrence of
new neurological deficits, with sudden onset,
resulting in deterioration of the Rankin score

of at least 1 grade and lasting longer than one

day. If at all possible these new strokes had to
be confirmed by CT. If CT could not be per-

formed the recurrent stroke was classified as

unspecified. All recurrent strokes were inde-
pendently assessed by three neurologists and,
in the case of an ischaemic or unspecified
stroke, classified as SVD or LVD by means of
the same criteria as for the entry events.

Vascular risk factors in patients with SVD
and with LVD were correlated with the type
of stroke recurrence.

Results
Of the initial patient cohort of 3150 patients,
533 patients were excluded for one of the fol-
lowing reasons: patients inappropriately ran-

domised (n = 23), qualifying event consisting
of monocular blindness (n = 182) or of clini-
cal findings originating from the posterior
fossa (n = 280), or no baseline CT available
(n = 48). The SVD group consisted of 1216
patients (729 with a normal CT), and the
LVD group of 1221 patients (753 patients
with a normal CT); 180 patients who had evi-
dence of both LVD and SVD were subse-
quently excluded.

During follow up 107 of the 1216 patients
with SVD had a recurrent cerebral event
(8-8%, 3-6% per year); 51 of them had nor-

mal CT at randomisation with a lacunar syn-
drome diagnosed from history or the
neurological examination, and the other 56
patients had a lacunar infarct on their baseline
CT. In the LVD group 110 of the 1221
patients had a recurrent cerebral event during
follow up (9 0%, 3-6% per year); 51 of them
had normal CT at baseline and the other 59
patients had a cortical infarct on their baseline
CT. In both groups a recurrent stroke was
more likely if an infarct had been detected on

baseline CT (relative risk (RR) 1 8; 95% con-
fidence interval (95% CI) 1 4-2-3). In earlier

Table 1 Type of stoke on follow up in patients with small or large vessel disease at baseline, with or without confirmatory
infarct on CT

Baseline

Small vessel Large vessel Lacunar infarct Cortical infarct
disease all disease all at baseline at baseline

Follow up (n (%)) (n (%/.)) CT (n (%/.)) CT (n (%))

Symptomatic stroke during follow up 107 (100) 110 (100) 56 (100) 59 (100)
Small vessel ischaemic stroke 30 (28) 16 (15) 15 (27) 9 (15)
Large vessel ischaemic stroke 39 (36) 67 (61) 19 (34) 34 (58)
Posterior fossa ischaemic stroke 14 (13) 8 (7) 8 (14) 5 (8)
Ischaemic stroke of uncertain localisation 1 (1) 1 (1) 1 (1) 1 (1)

Haemorrhage 12 (11) 9 (8) 7 (13) 5 (8)
Unspecified stroke 11 (11) 9 (8) 6 (11) 5 (8)
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Table 2 Incidence and type of intracerebral haemorrhage
at follow up (mean 2-6 years) in patients with small or
large vessel transient ischaemic attacks or non-disabling
ischaemic strokes at baseline

Baseline

Follow up SmaUl vessel Large vessel
(type of disease disease
haemorrhage) (n = 1216) (n = 1221)

Basal ganglia 9 3
Lobar 1 2
Posterior fossa 1 4
Subarachnoid

haemorrhage 1 0

studies of the total patient cohort, this factor
was found to be largely independent in multi-
variate analysis.'4

Table 1 summarises the different types of
stroke that occurred during follow up. In 11
patients with SVD and in nine patients with
LVD the distinction between recurrent
ischaemia or intracranial haemorrhage could
not be made as new CT was not available. In
these 11 patients with SVD at baseline the
clinical features of the recurrent stroke were

compatible with a small vessel stroke in two
patients, with a large vessel stroke in six
patients, and with a stroke in the posterior
fossa in one patient; in two patients the clinical
features were unknown. In the nine patients
with LVD at baseline and unspecified stroke
the clinical features were compatible with a

large vessel stroke in three patients, with a

small vessel stroke in four patients, and with a

stroke in the posterior fossa in one patient; in
one patient the clinical features were

unknown. Patients with SVD at baseline did
not have intracranial haemorrhage more often
than patients with LVD at baseline (RR 1-3;
95% CI 0 6-3 2). Table 2 specifies the type of
haemorrhage.
Of the 84 patients with SVD at baseline

who had a recurrent ischaemic stroke during
follow up, 30 (28% of the total series of 107)
again had a small vessel ischaemic stroke
whereas in 39 (36%) patients the new neuro-

logical deficit was caused by LVD and 14
(13%) patients had an infarct in the posterior
fossa (table 1). In one patient no further clas-
sification could be made due to lack of clinical
information. Of the 92 patients with LVD at
baseline and an ischaemic stroke on follow up
67 (61% of the entire group of 1 0) patients
again had evidence of LVD, 16 (15%) had a

small vessel infarct, and eight (7%) had clinical
or radiological features of an ischaemic stroke
in the posterior fossa (table 1). Again for one

patient with LVD at baseline it was not possi-
ble to further classify the ischaemic stroke
owing to lack of clinical information. For both
the SVD and the LVD group these results
were similar if the analysis was restricted to
patients with a visible infarct on baseline CT
(table 1).
Asymptomatic infarcts, in addition to a new

symptomatic infarct, were detected in 14
patients with SVD at baseline and a recurrent
ischaemic stroke. In nine of these 14 patients
the asymptomatic infarcts were of the small
vessel type. Nine patients with LVD at base-
line had new asymptomatic infarcts on their
outcome event scans; in six patients these
asymptomatic infarcts were of the small vessel
type.

It is of course highly relevant how often
new hemispheric infarcts occur on the same

side. In patients with initial SVD, the recur-

rent ischaemic stroke was in the same hemi-
sphere as at baseline in 16 of 30 patients with
recurrent small vessel stroke and in 25 of 39
patients with a recurrent large vessel stroke. In
patients with initial LVD, the recurrent
ischaemic stroke was in the same hemisphere
as at baseline in 35 of 67 patients who had
remained "true to type" and in 10 of 16
patients who had developed new small vessel
disease.

Because the clinical distinction between
SVD and LVD can be more difficult for
events involving the right hemisphere, we per-
formed an additional analysis with only
patients with left hemispheric events at base-
line. This restricted analysis resulted in similar

Table 3 Distribution of baseline characteristics ofpatients with small or large vessel TIAs or non-disabling ischaemic
strokes who had a recurrent stroke duringfollow up (mean 2-6 years)

Small vessel disease Large vessel disease
Type of baseline event (n = 1216) (n = 1221)

Ischaemia Ischaemia

All SVD LVD All LVD SVD
Type of recurrent stroke (n = 107) (n = 30) (n = 39) (n =11 0) (n = 67) (n = 16)
Interval (mean days (SD)) 472 (346) 386 (309) 494 (395) 407 (332) 391 (324) 465 (399)
Risk factors at baseline:
Age (SD) 69 (8) 70 (8) 67 (8) 69 (9) 68 (10) 68 (9)
Male 82 (77) 20 (67) 29 (74) 73 (66) 46 (69) 11 (69)

Transient ischaemic attack 24 (22) 6 (10) 9 (23) 22 (20) 12 (18) 4 (25)
RIND 19 (18) 10 (33) 3 (8) 16 (15) 11 (16) 2 (13)
Non-disabling stroke 64 (60) 14 (47) 27 (69) 72 (66) 44 (66) 10 (63)

Hypertension 54 (50) 16 (53) 18 (46) 45 (41) 24 (36) 7 (44)
Smoking 47 (44) 12 (40) 20 (51) 52 (47) 32 (48) 11 (69)
Diabetes 17 (16) 6 (20) 8 (21) 19 (17) 13 (19) 2 (13)
Myocardial infarction 11 (10) 3 (10) 4 (10) 14 (13) 10 (15) 1 (6)

White matter lesions on CT 23 (21) 7 (23) 7 (18) 20 (18) 13 (19) 2 (13)
Infarction on CT 56 (52) 15 (50) 19 (49) 59 (54) 34 (51) 9 (56)

Unless otherwise stated values in parenthes are %. RIND = reversible ischaemic neurological deficit.
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proportions as the full analysis. Thirty five of
the 566 (6%) patients with left hemispheric
SVD at baseline had a recurrent ischaemic
stroke; 14 of them (40%) had a small vessel
ischaemic stroke, 15 (43%) had a large vessel
ischaemic stroke, five (14%) had an ischaemic
stroke involving the posterior fossa, and in
one patient further classification was not pos-
sible. Fifty one patients of the 595 (9%) with
LVD of the left hemisphere at baseline had a
recurrent ischaemic stroke; 37 (73%) of them
remained true to type, eight (16%) had a
small vessel stroke, five (10%) had an
ischaemic stroke in the posterior fossa, and in
one patient further classification was not pos-
sible. If the analysis was further restricted to
patients with a symptomatic left sided infarct
on CT at baseline the proportions again
remained the same.

Table 3 gives the distribution of vascular
risk factors for patients with LVD or SVD at
baseline. Patients with SVD at baseline who
had a recurrent cerebral event were more
often men and hypertensive than patients with
LVD who had a recurrent cerebral event, but
none of these differences reached significance.
There were no risk factors associated with an
increased likelihood of developing new SVD
rather than LVD or vice versa, although there
was some indication that patients with SVD
and a permanent neurological deficit at base-
line were more likely to develop LVD in the
future. The mean interval between baseline
event and recurrent cerebral event was not
different for patients with SVD or LVD at
baseline (P = 0-57). Neither was there a dif-
ference in time lag between the cross overs
and the patients who remained true to type.

Discussion
In patients with transient ischaemic attacks or
non-disabling ischaemic stroke, the overall
rate of subsequent stroke during treatment
with aspirin was similar in patients with SVD
or with LVD (3-6% per year). An important
difference was that almost two thirds of the
patients with LVD who had a recurrent cere-
bral event had a large vessel ischaemic stroke
whereas in patients with SVD recurrent small
and large vessel ischaemic strokes occurred in
more or less equal numbers. This significant
difference could not be explained by a classifi-
cation bias caused by laterality of the clinical
features or by the fact that only infarcts of a
certain size can be visualised by CT, or by dif-
ferences in vascular risk factors at baseline.
Recurrent ischaemic strokes did not occur sig-
nificantly more often in the same hemisphere
that was affected at baseline.

Previously we showed that 64% of patients
with transient ischaemic attacks who partici-
pated in the Dutch TIA trial had a history
suggestive of SVD.7 In the present study we
also included patients with deficits lasting
longer than one day, or permanent deficits,
provided that they were independent in their
daily activities; altogether about half of the
patients had evidence of SVD at randomisa-
tion. This proportion is much higher than in

hospital based series of acute stroke in gen-
eral, in which SVD constituted about 25% of
all ischaemic strokes.15 16 This difference must
be attributed to the selection criteria that were
employed in this secondary prevention trial in
which patients were excluded from participa-
tion if they were dependent on others (Rankin
grade 4 or 5) as were patients with potential
sources of emboli from the heart, which are
thought to cause mainly large vessel infarcts.'7
On the other hand, patients with SVD may be
underrepresented in hospital series because
they often have only mild signs and symp-
toms, leading to less frequent referral.5
Patients who had an ischaemic stroke in the
posterior fossa at baseline were excluded, and
in cases of a recurrent ischaemic stroke in the
posterior fossa the stroke type was not
included in the analysis. Both small vessel and
large vessel strokes occur in the posterior fossa
and it is improbable that this selection
method substantially influenced the main
results.

In two previous studies patients with large
vessel atherosclerotic infarcts had a higher
recurrence rate of stroke than patients with
lacunar infarcts.8 18 Our results agree more
with a third study which showed that the risk
of recurrent infarction does not differ between
patients with SVD or LVD.9 In the
Oxfordshire community stroke project recur-
rent strokes tended to occur at a steady rate
only in patients with SVD, whereas in patients
with LVD most recurrent strokes were clus-
tered in the first three months.8 By contrast,
we found the mean interval between the initial
event and the recurrent stroke to be somewhat
shorter in patients with LVD than in patients
with SVD, but this difference was not signifi-
cant.

Probably the most intriguing finding of this
study is the fact that new infarcts in patients
who entered the study with SVD were not
usually of the same type, but in half of the
patients consisted of cortical, large artery
infarcts. A similar but even more striking dif-
ference emerged in the population based
study in Rochester; only 17% of the recurrent
infarcts that occurred in the patients with
lacunar infarcts at onset were again of the
lacunar type.9 In other smaller follow up stud-
ies small vessel infarcts were followed by both
large and small vessel infarcts.'9 20 In the
North American stroke data bank most recur-
rent strokes were of the same subtype as the
initial stroke, but details were not given.'8

Several explanations are possible for our
results. The first is that patients with SVD
often have atherosclerosis in large as well as in
small vessels, and that it is merely a matter of
chance in which of the two vessel types the
disease manifests itself. The finding that
recurrent strokes occur in both hemispheres
in more or less equal numbers supports this
explanation. In that case, however, it is diffi-
cult to understand why narrowing of the
carotid artery is found in only a minority of
patients with SVD.2' 22 In our multicentre
study non-invasive investigations of the carotid
artery were not systematically performed. A
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second explanation is that we may have mis-
classified the type of vessel involved. Because
the positive predictive value of a lacunar his-
tory has been estimated as between 0-6 and
0.97 this might certainly have been the case in
patients with a normal baseline CT. Analyses
restricted to patients with appropriate infarcts
on their CT, however, showed the same dis-
tribution of infarct types on follow up as for
all patients (table 1). Nor did the results differ
when analysis was restricted to patients with
initial events in the left hemisphere, for whom
the diagnosis of SVD on the basis of symp-

toms only is more reliable.7 A third possibil-
ity is that the patients with SVD at baseline
who had a large vessel ischaemic stroke on fol-
low up may in fact have had LVD from the
outset, but in the form of an atherosclerotic
plaque in the main trunk of the middle cere-

bral artery that blocked the origin of one or

more small perforating arteries.4 Fourthly,
small vessel ischaemic strokes on follow up

could have been more common than large
vessel ischaemic strokes, but most of these
were not reported by the patient because they
were clinically silent or only minimally dis-
abling. The few silent lacunar infarcts found
in patients who developed a symptomatic
infarct on follow up and in whom a second
CT was available (23/176), argues against this
possibility. Fifthly, large vessel ischaemic
strokes that occurred in patients with SVD
may have been caused by emboli from the
heart. Patients with potential sources of
emboli from the heart were excluded from the
Dutch TIA trial, however, implying that, if
this suggestion is true, these sources of cardiac
emboli should have developed soon after ran-

domisation. If they existed beforehand but
were not detected it is improbable that the
small vessel ischaemic strokes at baseline were

caused by an embolus from the heart.17 Lastly,
in patients taking aspirin a recurrent
ischaemic stroke is more often caused by LVD
than by SVD.'4 Therefore aspirin may prevent
thrombosis in small vessels better than in
large vessels. We cannot pursue this explana-
tion in our study, because all patients were

treated with aspirin (either 30 or 283 mg),
whereas placebo controlled trials have not dis-
tinguished between SVD and LVD.
Which of these explanations is the most

probable remains unclear; the previous exis-
tence of LVD in the patients with SVD at
baseline is probably the most plausible,
although differing responses to aspirin in
patients with SVD or LVD cannot be
excluded. For a definitive answer we need
large follow up studies in which not only dif-
ferent subtypes of ischaemic strokes are dis-
tinguished from the onset, but ancillary

investigations are also systematically
employed to unravel the dynamic features of
recurrent stroke. In the meantime we recom-
mend investigation for treatable sources of
embolism in patients with clinical features of
SVD.
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