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Differences in prognosis of lacunar and non-lacunar infarction patients might support distinct arterial patho-
logical processes underlying these two subtypes of ischaemic stroke. We performed a systematic review in
which we identified cohort studies with ischaemic stroke subtype-specific follow-up data on death, recurrent
stroke and/or myocardial infarction (MI). We calculated risks of death and recurrent stroke at | month,
1-12 months and 1-5 years, as well as risks of Ml and cardiac death. We compared non-lacunar with lacunar
infarction, using study-specific and summary odds ratios. We also compared the pattern of recurrent stroke
subtypes after lacunar and non-lacunar infarction. One month odds of death and of recurrent stroke were
significantly greater following non-lacunar than lacunar infarction, but the difference decreased thereafter
(I month mortality: OR 3.81, 95% CI 2.77-5.23; 1-12 month mortality: OR 2.32, 95% CI 1.74-3.08; 1-5 year
mortality: OR 1.77,95% CI 1.28-2.45; | month stroke recurrence: OR 2.11, 95% CI 1.20-3.69; 1-12 month stroke
recurrence: OR 1.24, 95% CI 0.85-1.83; 1-5 year stroke recurrence: OR 1.61, 95% CI 0.96-2.70). Recurrent
strokes were more likely to be lacunar if the index event was lacunar. Few studies reported on the risk of Ml, but
we found no significant difference in risk of cardiac death in non-lacunar versus lacunar infarction. Thus,
although early mortality and stroke recurrence risks are higher among non-lacunar than lacunar infarct
patients, the risks appear not to differ in the longer term and the risks of cardiac outcomes are similar, although
data are limited. There is some evidence that recurrent ischaemic stroke subtypes breed true. These results
provide limited support for a distinct arterial pathology underlying lacunar infarction.
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Introduction

The precise arterial pathology underlying lacunar infarcts,
which are presumed to result from the occlusion of single,
small perforating arteries, remains undetermined (Wardlaw
et al., 2003). It is often assumed to differ from the athero-
thromboembolic processes that occlude large intracranial and
extracranial arteries and cause most other types of ischaemic
stroke. However, evidence from direct pathological studies
is limited because lacunar infarction has a low case fatality,
autopsy rates are declining, and informative pathological
studies are expensive, technically demanding and time-
consuming.

Informative imaging studies are also scarce because of the
difficulties in imaging small arteries. Alternative, less direct
methods have therefore been used to study the pathology of
lacunar infarction. These have included observational studies
comparing the risk factor profiles and prognosis of patients
with lacunar versus non-lacunar infarction, since differences
might suggest distinct arterial pathologies. Our recent system-
atic review of studies comparing risk factor profiles in lacunar
versus non-lacunar infarction found an excess of atrial fibril-
lation and severe carotid stenosis among non-lacunar infarc-
tion patients, but no clear difference in the frequency of any
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other risk factors, including hypertension and diabetes
(Jackson and Sudlow, 2005).

Lacunar infarction is often thought to have a more
favourable outcome than other ischaemic stroke subtypes.
Short term prognosis for death and disability is better
among patients with lacunar infarction compared with
non-lacunar infarction (Norrving, 2003), but this may reflect
smaller infarct size and a low early recurrence rate rather than
a fundamentally different arterial pathology. In the longer
term, patients with lacunar infarction have a significantly
higher risk of death compared with the general population,
(Norrving, 2003) but less is known about the difference
between lacunar and non-lacunar infarct patients.

Similarly, early recurrent stroke risk is lower in lacunar
infarction compared with other ischaemic stroke subtypes
(Lovett et al., 2004). This early difference probably reflects
different arterial occlusive mechanisms, with non-lacunar
infarcts more likely to be caused by emboli from an active
thrombotic source, such as the carotid bifurcation or the
heart. However, it does not necessarily imply fundamentally
different arterial pathologies, since atherothrombotic mech-
anisms could still cause most lacunar infarcts. Reports on
recurrent stroke risk in the longer term are conflicting.
Some studies have found that the risk of recurrence is greater
among non-lacunar than lacunar patients while others suggest
that stroke subtype is not a predictor of stroke recurrence
(Norrving, 2003). These inconsistencies may arise from
differences in study methodology and small study size
(specifically small numbers of recurrent events). Furthermore,
the definition of recurrent stroke differs markedly between
studies, particularly with respect to the minimum time
required between the index stroke and the recurrence. This
makes comparing studies difficult, and may explain why
estimates of the early recurrence risk differ so much between
studies (Coull and Rothwell, 2004).

It is often assumed that ischaemic stroke subtypes ‘breed
true’, in that the subtype of recurrent stroke is generally of
the same subtype as the index event. If true, this may support
the hypothesis of a distinct underlying arterial pathology in
lacunar infarction.

If the arterial pathology underlying lacunar infarction is
indeed different from the pathologies that cause other types of
ischaemic stroke, we might also expect the risk of myocardial
infarction (MI), a marker of atherothrombotic disease, to be
lower among lacunar patients. However, little is known about
the risk of MI following different subtypes of ischaemic stroke.

This paper reports the findings of a systematic review and
series of meta-analyses of cohort studies that followed patients
with lacunar and non-lacunar infarction for death, recurrent
stroke and/or MI. It compares lacunar with non-lacunar
infarct patients for short term and subsequent risks of death
and recurrent stroke, recurrent stroke subtype patterns, and
risks of MI and cardiac death. The separate assessment of
the early and subsequent prognosis is an important feature
of our study, since it is generally accepted that non-lacunar
infarcts are associated with a higher early mortality and stroke
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recurrence risk than lacunar infarcts, but there is uncertainty
about the longer term.

Methods
Study identification

We sought studies that had followed both lacunar and non-lacunar
infarct patients, or lacunar infarct patients only, for at least one
month for death, recurrent stroke and/or MI. We identified relevant
studies published in English language journals between January 1966
and December 2004 by: a comprehensive electronic search strategy
using Medline and Embase (see Appendix for details); perusing
reference lists of all relevant primary and review articles identified;
searching within books on cortical and subcortical stroke; and
discussions with colleagues. We included inception cohort studies
that were either community or hospital-based, but excluded
studies among highly selected groups of patients (e.g. clinical trials).
We also excluded studies with irresolvable data inconsistencies.

Data extraction

From each study identified, we extracted information on:

e The population studied (i.e. community or hospital-based,
hospital admissions only or including outpatients, consecutive
recruitment or not).

e The numbers of lacunar and non-lacunar patients (excluding those
with infarction from unusual causes).

e Demographic characteristics of the study population.

e Definition of recurrent stroke.

e Stroke subtype classification method.

e Duration of follow-up.

e Proportion of patients with brain imaging following index and
recurrent stroke.

e Numbers of lacunar and non-lacunar infarct patients who were
dead or had a recurrent stroke at 1 month, from 1 to 12 months,
and from 1 to 5 years after the index stroke.

e Numbers of lacunar and non-lacunar infarct patients who had an
MI, or died from a cardiac cause.

e Numbers and subtypes of recurrences among lacunar and non-
lacunar infarct patients.

We chose the 1 month, 1-12 month, and 1-5 year time points
for death and recurrent stroke because this allowed us to assess
separately the very early and longer term risks for these outcomes
in the maximum number of studies. It also allowed us to eliminate
the effects of varying definitions of early stroke recurrence in the
assessment of longer term risk.

Statistical analysis

We calculated risks of death and recurrent stroke at 1 month,
1-12 months and 1-5 years and obtained 95% confidence intervals
(CIs) using Confidence Interval Analysis software (Wilson method)
(Bryant, 2000).

For studies with data on death, recurrent stroke, MI or cardiac
death among both lacunar and non-lacunar infarct patients, we used
Cochrane RevMan software (version 4.2) to calculate study-specific
and summary Peto odds ratios (ORs, non-lacunar versus lacunar
infarction) with 95% ClIs for each of death and recurrent stroke at
1 month, 1-12 months and 1-5 years, and for cardiac death any time
after index stroke. We used standard x* tests to assess heterogeneity
between studies or groups of studies. We analysed data on recurrent
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stroke subtypes using three different methods: (i) we pooled data
from all studies providing information on recurrent stroke subtypes,
and compared the frequencies of stroke subtypes after each of lacunar
and non-lacunar infarction; (ii) we calculated the ratio of the
observed proportion of lacunar recurrences following a lacunar
index event to the proportion expected from two community-
based studies of first-ever stroke incidence (Bamford et al., 1991;
Hillen et al., 2003) and the ratio of the observed to the expected
proportion of non-lacunar recurrences following a non-lacunar
index event; (iii) for studies reporting on both lacunar and non-
lacunar patients, we calculated study-specific and summary relative
risks (RRs) of having a lacunar recurrence (for lacunar versus
non-lacunar infarction at baseline).

Results

Our search initially identified 3528 papers. From 154 papers
relating to prognosis, we selected 31 relevant studies. Four
studies were excluded (1328 patients); one study was not an
inception cohort (Yamamoto and Bogousslavsky, 1998);
one was conducted among a highly selected group of patients
(Prencipe et al., 1998); one followed only those patients that
survived 3 months after the index event (Moroney et al., 1997);
and one had irresolvable data inconsistencies (Brainin et al.,
1992).

The data available on death, recurrent stroke and recurrent
stroke subtypes from the remaining 27 studies are summar-
ized in Fig. 1. We were unable to extract any analysable data
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from 8 studies (2538 lacunar, 6967 non-lacunar patients)
(Giroud et al., 1991; Hier et al, 1991; Kolominsky-Rabas
et al., 1998; Moroney et al., 1998; Murat and Erturk, 2002;
Soda et al., 2004; Yokota et al, 2004; Grau et al., 2005).
Characteristics of the 19 studies (2402 lacunar, 3462 non-
lacunar patients) contributing to the analyses are shown in
Table 1 (Gandolfo et al., 1986; Bamford et al., 1991; Norrving
and Staaf, 1991; Sacco et al, 1991, 1994; Landi et al, 1992;
Miyao et al., 1992; Boiten and Lodder, 1993; Nadeau et al.,
1993; Anderson et al., 1994; Clavier et al., 1994; Samuelsson
et al., 1994, 1996; Toni et al., 1995; Salgado et al., 1996; Petty
et al., 2000; Eriksson and Olsson, 2001; Kazui et al., 2001; Staaf
et al., 2001; De Jong et al., 2002, 2003; Yamamoto et al., 2002;
Hillen et al., 2003). In the majority of studies, the non-lacunar
comparison group consisted of all non-lacunar ischaemic
strokes. One study excluded patients with subtentorial infarc-
tion (Toni et al., 1995), one excluded patients with cardioem-
bolic infarction (Nadeau et al, 1993), and a third study
excluded both subtentorial and cardioembolic infarcts
(Boiten and Lodder, 1993). The mean age (weighted by
study size) of the lacunar infarct patients was 68 years
(range 64-73) and of the non-lacunar infarct patients was
72 years (range 66-76). The majority of patients had a CT
brain scan after their first stroke, but only a few studies used
MR scanning. The few studies that mentioned the proportion
of patients with recurrent stroke who had some form of
brain imaging generally reported lower rates of scanning

27 studies
4940 lacunar patients
10,426 non-lacunar patients

A/\>

Lacunar only
8 studies
1140 patients

Lacunar versus non-lacunar
19 studies
3800 lacunar patients
10,426 non-lacunar patients

I

Recurrent Death at Recurrent stroke
stroke subtypes one month at one month
9 studies” 4 studies 3 studies
1218 patients” 496 patients 319 patients
Death at Recurrent stroke
1-12 months at 1-12 months
4 studies 2 studies
496 patients 259 patients
Death at Recurrent stroke
1-5 years at 1-5 years
1 study 2 studies
178 patients 285 patients

A/l\.

Recurrent
stroke subtypes
3 studies
563 lacunar patients
1012 non-lacunar patients

Death at
one month
9 studies
802 lacunar patients
2544 non-lacunar patients

Recurrent stroke
at one month
6 studies
563 lacunar patients
1710 non-lacunar patients

l

|

Death at
1-12 months
7 studies
544 |acunar patients
2094 non-lacunar patients

Recurrent stroke
at 1-12 months
6 studies
563 lacunar patients
1710 non-lacunar patients

l

1

Death at
1-5 years
4 studies
282 lacunar patients
1369 non-lacunar patients

Recurrent stroke
At 1-5 years
3 studies
235 lacunar patients
1107 non-lacunar patients

* One study reported on death and recurrent stroke among lacunar and non-lacunar patients, but reported on recurrent stroke subtypes among lacunar patients only

Fig. | Data available on death and recurrent stroke from 27 eligible studies.
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Outcome of lacunar versus non-lacunar infarction

than after first stroke. No study reported use of diffusion
weighted MR scanning after first or recurrent strokes
(Table 1).

Death

The death rate at 1 month among lacunar patients was
~0-2%, and from 1 to 12 months ~8%. Among non-lacunar
patients, the 1 month death rate was higher, ranging from
~10-20%, whilst the 1-12 month mortality rate was ~20%
(Fig. 2). Death rates among studies that included lacunar
patients only were comparable to those obtained from lacunar
patients in studies that also included non-lacunar patients
(Fig. 2).

Of the nine studies reporting on death in lacunar and non-
lacunar patients, all but one included first-ever strokes only,

Lacunar infarction

Perth
Oxford .—
Maastricht .—
France

Sweden

Australia

Rochester (b)

New York

Rochester (a)

Orebro
Lund
Milan .
Rome | . . .
0 10 20 30
1-month risk of death (%)
Non-lacunar infarction
Perth —B—
Oxford _._
Maastricht
_——
France No non-lacunar group
Sweden _._
Australia No non-lacunar group

Rochester (b)
New York

-
_._
—=—

Rochester (a)

Orebro No non-lacunar group
Lund No non-lacunar group
Milan L —
Rome _._

0 10 20 30

1-month risk of death (%)
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and four were community-based. At 1 month the odds of
death were almost four-fold greater in non-lacunar than
lacunar patients (OR 3.81, 95% CI 2.77-5.23) (Fig. 3). This
difference attenuated with time, with the odds of death at
1-12 months just 2-fold greater among non-lacunar patients
(OR 2.32, 95% CI 1.74-3.08) and at 1-5 years <2-fold greater
(OR 1.77, 95% CI 1.28-2.45; data not shown in the figure).
However, there was significant heterogeneity between studies
for the 1-5 year results [x*(3) = 7.91, P = 0.05]. Data for this
later time period are less reliable, since they were available
for fewer studies in fewer patients (Fig. 1), and their extraction
required us to make several assumptions about losses to
follow-up and the statistical methods used in the original
studies. The lacunar patients in these analyses were very
slightly younger than the non-lacunar patients (weighted
mean age 71 versus 74 years), but we were unable to assess the

Lacunar infarction

Perth =
Oxford _._
Maastricht _._
France ._
Sweden —
Australia -._
Rochester (a) ._
Rochester (b) _._
New York ._
Orebro ._
Lund ._
0 10 20 30 40
1-12 month risk of death (%)
Non-lacunar i nfarction
Perth +
Oxford —._
Maastricht B E—
France No non-lacunar group
Sweden _._
Australia No non-lacunar group

Rochester (a)

Rochester (b)

L ¥
——

New York

No non-lacunar grou
Orebro group
Lund No non-lacunar group

0 10 20 30 40

1-12 month risk of death (%)

Fig. 2 Risks of death at | month and I-12 months among patients with lacunar and non-lacunar infarction. Risks are shown as
squares, with size denoting the statistical weight of the study. Horizontal lines represent 95% Cls.
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Non-lacunar Lacunar Peto OR Peto OR
n/N n/N 95% ClI
DEATH: 0-1 month
Maastricht 11/94 2/103 _—) 4.83 [1.57 to 14.86]
New York 24/221 0/85 —_—s—) 4.47 [1.77 to 11.32]
Oxford 53/406 3/137 —_— 3.23 [1.71 to 6.10]
Perth 30/225 0/22 T——) 3.47 [0.91 to 13.22]
Rochester (a) 72/516 0/78 —_— 3.70 [1.78 to 7.67]
Rochester (b) 69/370 0/72 — 4.11 [2.05 to 8.22]
Sweden 33/262 0/47 —_—) 3.73 [1.37 to 10.17]
Subtotal (95% Cl) 292/2094 5/544 <o 3.81 [2.77 to 5.23]
Test for heterogeneity: Chi? = 0.62, df =6 (P = 1.00)
DEATH: 1-12 month
Maastricht 15/83 13/101 — 1.49 [0.67 to 3.34]
New York 40/191 2/84 —e 4.18 [2.05 to 8.51]
Oxford 56/353 12/134 —— 1.78 [1.00 to 3.15]
Perth 30/195 3/22 - 1.14 [0.34 to 3.89]
Rochester (a) 72/444 2/78 — 3.06 [1.54 to 6.11]
Rochester (b) 51/301 1/72 —_— 3.64 [1.74 to 7.65]
Sweden 34/229 5/47 e 1.41 [0.57 to 3.47]
Subtotal (95% Cl) 298/1796 38/538 <o 2.32 [1.74 to 3.08]
Test for heterogeneity: Chi =9.10, df =6 (P = 0.17)
STROKE RECURRENCE: 0-1 month
Maastricht 0/89 0/102 Not estimable
Milan 2/96 0/88 14 6.87 [0.43 to 110.97]
New York 14/205 3/85 —_— 1.81 [0.62 to 5.31]
Oxford 18/380 1/136 —_— 3.08 [1.09 to 8.71]
Rochester (a) 9/480 3/78 < 0.39 [0.08 to 2.04]
Rochester (b) 24/326 1/72 T 2.75 [0.96 to 7.87]
Subtotal (95% Cl) 67/1576 8/561 -/ 2.11 [1.20 to 3.69]
Test for heterogeneity: Chi? = 5.53, df =4 (P = 0.24)
STROKE RECURRENCE: 1-12 month
Maastricht 2/76 5/97 0.52 [0.11 to 2.39]
Milan 8/84 6/76 —_—t 1.22 [0.41 to 3.66]
New York 11/158 6/79 —_—— 0.91 [0.32 to 2.59]
Oxford 46/325 11/127 T—— 1.64 [0.89 to 3.05]
Rochester (a) 16/258 5/73 —_— 0.90 [0.31 to 2.60]
Rochester (b) 23/245 4/67 e e — 1.54 [0.59 to 4.02]
Subtotal (95% CI) 106/1146 37/519 @ 1.24 [0.85 to 1.83]
Test for heterogeneity: Chi? =2.93, df =5 (P =0.71)
0.1 0.2 0.5 1 2 5 10

Greater risk among lacunar infarct patients

Greater risk among non-lacunar infarct patients

Fig. 3 Odds ratios (ORs) (non-lacunar versus lacunar infarction) for each of mortality and recurrence at | month and |-12 months
post-stroke. The OR for each study is shown as a square and horizontal lines represent 95% Cls. Diamonds represent pooled ORs,

with 95% Cls represented by the width of the diamonds.

impact of this age difference, since mean age for lacunar and
non-lacunar patients was not given in three of the included
studies.

Recurrent stroke

Only 9 of the 19 studies reporting on recurrent stroke actually
provided a definition of recurrent stroke, and no two studies
used the same definition. In particular, the minimum neces-
sary time interval between index event and recurrent stroke
varied markedly, ranging from 3 to 21 days. If a stroke
occurred during this time interval, it often had to be in a
different vascular territory or anatomical site from the first

event, of a different stroke subtype, or result in a different
neurological deficit, in order to be considered a recurrence.

The risk of recurrence among lacunar patients during
the first month ranged from 0-4%, and from 1 to 12 months
was ~5-8%. Among non-lacunar patients the 1 month
recurrence risk was ~5%, and the 1-12 month risk was
~10% (Fig. 4). The recurrence risks among lacunar infarction
patients in studies including lacunar patients only were
similar to those reported in studies that also included non-
lacunar patients (Fig. 4).

Of the six studies with data on risk of recurrence
among lacunar and non-lacunar patients at 1 month and
1-12 months, only two provided a definition of recurrent
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Fig. 4 Risks of recurrent stroke at | month and |-12 months among patients with lacunar and non-lacunar infarction.

Notation as for Fig. 2.

stroke, (Bamford et al, 1991; Petty et al., 2000) while one
study reported no recurrent strokes in either group within the
first month, suggesting that its definition of recurrent stroke
excluded events within a month of the index event (Boiten
and Lodder, 1993). Five studies included first-ever strokes
only, and three were community-based (Table 1). In all
studies, the proportion of index strokes with brain imaging
(mostly CT scanning) was close to 100%, but the proportion
of recurrent strokes with brain imaging was reported in only
one study, in which 56% of recurrent stroke patients had a
CT scan (Table 1) (Boiten and Lodder, 1993).

The odds of recurrent stroke in the first month were just
over two times greater in non-lacunar compared with lacunar
infarct patients (pooled OR 2.11, 95% CI 1.20-3.69) (Fig. 3).
Thereafter, there was no statistically significant difference in

the risk of recurrent stroke between non-lacunar versus
lacunar infarction either at 1-12 months (pooled OR 1.24,
95% CI 0.85-1.83) (Fig. 3) or at 1-5 years (OR 1.61,
95% CI 0.96-2.70; data not shown in the figure), although,
as for mortality, the 1-5 year data are less reliable. The mean
age for lacunar and non-lacunar patients was the same in the
studies included in these analyses (weighted mean age 73),
although stroke subtype-specific information on age was not
provided in two studies.

Sensitivity analysis

When we repeated our analyses for death and recurrent stroke
including only community-based studies, we found very
similar results.
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Fig. 5 Recurrent stroke subtypes following lacunar and non-lacunar infarction at baseline. Total number of lacunar patients = 279;
total number of non-lacunar patients = |17; Other = unclassified ischaemic recurrences; PICH = primary intracerebral haemorrhage.

Recurrent stroke subtypes

Only 6 of the 12 studies reporting on recurrent stroke sub-
types provided information on the proportion of recurrences
having brain imaging (ranging from 19 to 100%) (Boiten and
Lodder, 1993; Clavier et al., 1994; Salgado et al, 1996;
Samuelsson et al., 1996; Staaf et al., 2001; Hillen et al,
2003). Just two of these studies used MRI (Clavier et al,
1994; Samuelsson et al., 1996), and neither used diffusion
weighted imaging (DWI) (Table 1). When we pooled data
from these 12 studies, we found that following lacunar
infarction just under half the recurrences were lacunar
again, and almost one-third were non-lacunar (Fig. 5).
Following non-lacunar infarction, two thirds of the recur-
rences were non-lacunar again. In a second analysis of
recurrent stroke subtypes, the proportion of recurrences
that were lacunar following a lacunar index event was greater
than expected, based on the 25% reported proportion of
first-ever strokes attributed to lacunar infarction in two
community-based studies (RR observed to expected 1.90,
95% CI 1.49-2.41). There was no statistically significant dif-
ference between the 68% observed and the 57% expected
proportion of recurrences that were non-lacunar following
a non-lacunar index event (RR observed to expected 1.19,
95% CI 0.94-1.48). In a third analysis of recurrent stroke
subtypes, in which we pooled studies that included both
lacunar and non-lacunar patients, the risk of a lacunar recur-
rence following a lacunar event at baseline was two times
greater than the risk of a lacunar recurrence following
a non-lacunar event at baseline (RR lacunar versus non-
lacunar at baseline 2.24, 95% CI 1.30-3.85). However,
there was significant heterogeneity between these studies
[x*(2) = 7.22, P = 0.03] and the numbers of events were
small (54 recurrences following a lacunar event at baseline,
and 117 recurrences following a non-lacunar event at
baseline).

Myocardial infarction

Only three studies reported on non-fatal MI (14 MIs among
513 patients) (Landi et al, 1992; Salgado et al, 1996;
Yamamoto et al., 2002). Five studies (four of which included

lacunar patients only) reported on fatal MI (16 MIs among
484 patients) (Gandolfo et al., 1986; Landi et al., 1992; Salgado
et al., 1996; Samuelsson et al, 1996; Kazui et al., 2001).
A further six studies (two of which included lacunar patients
only) reported on death from a cardiac cause (Bamford
et al., 1991; Miyao et al., 1992; Anderson et al., 1994; Toni
et al., 1995; Staaf et al., 2001; De Jong et al., 2003). There was
no significant difference in odds of cardiac death among non-
lacunar compared with lacunar patients (OR non-lacunar
versus lacunar 0.96, 95% CI 0.63—1.46), but this was based
on a relatively small number of outcome events (85 cardiac
deaths among 1966 non-lacunar patients versus 33 cardiac
deaths among 668 lacunar patients).

Discussion

Our systematic review found that the early risk of death was
greater among non-lacunar than lacunar infarct patients.
However, when the early period was excluded, the difference
in risk attenuated, suggesting that much of the difference in
1 month death rates between lacunar and non-lacunar patients
may be accounted for by the early effects of infarct size, and
early risk of recurrent stroke.

After 1 month, we found no statistically significant differ-
ence in the risk of recurrent stroke between lacunar and non-
lacunar infarction. The higher early recurrence risk among
non-lacunar infarct patients confirms previous work (Lovett
et al., 2004) and supports other lines of evidence for a greater
prevalence of active sources of thrombotic emboli among
these patients (Jackson and Sudlow, 2005). However, it does
not rule out similar atherothrombotic mechanisms, albeit
with a different anatomical distribution, accounting for
most lacunar infarcts.

A number of methodological limitations affect our death
and recurrent stroke analyses. Firstly, relevant studies iden-
tified in our search reported on risks of outcome events at
varying time points, making it impossible to include data in
pooled analyses from every potentially relevant study identi-
fied. Secondly, the total number of outcome events, particu-
larly recurrent strokes, was relatively small. Thirdly, we were
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only able to perform univariate analyses, and thus were unable
to control for potential confounding factors such as age, sex
and co-morbidity. These limitations highlight the need for
pooled multivariate analyses of prognosis among different
stroke subtypes using individual patient data from large
stroke cohort studies, to increase numbers of patients and
outcome events and allow for control of confounding factors.
Other potential confounders include interventions such
as carotid endarterectomy and anticoagulation, which are
usually tailored to stroke subtype. Both interventions are
generally used more often following non-lacunar stroke
than lacunar ischaemic stroke, and indeed oral anticoagulants
have only been shown to be of benefit in patients with atrial
fibrillation, whose ischaemic stroke is likely to have been
cardioembolic. Furthermore, there are also likely to be dif-
ferential effects on recurrent stroke subtypes, since available
evidence from randomized trials and observational studies of
oral anticoagulation suggests that this treatment is more
effective in the prevention of cardioembolic than other
types of ischaemic stroke (Evans et al., 2000; Hart et al.,
2000). However, available data do not suggest a definite dif-
ference in the effectiveness of carotid endarterectomy between
symptomatic patients presenting with non-lacunar versus
lacunar ischaemic stroke (Inzitari et al, 2000). Neither is
there clear evidence to suggest that carotid endarterectomy
prevents a greater proportion of subsequent non-lacunar than
lacunar ischaemic strokes (Barnett et al., 2000).

Fourthly, the clinical distinction between lacunar and
non-lacunar infarction is not perfect. Ten to twenty per
cent of patients with a clinical lacunar syndrome actually
have a recent relevant cortical infarct on brain imaging,
and 10-20% of patients with a clinical cortical syndrome
have a relevant subcortical lesion on brain imaging (Mead
et al., 1999). When there is no lesion present on imaging (and
stroke subtype is therefore determined by clinical syndrome),
around one-fifth of lacunar and small cortical ischaemic
strokes may therefore be misclassified. This proportion
could be reduced in future studies by the more frequent use
of advanced MR imaging, especially when the CT scan does
not show a relevant infarct. The effect of this misclassification
would be to reduce the apparent size of any real epidemiolo-
gical differences between infarct subtypes.

Finally, the data on very early risk of stroke should
be interpreted with caution because of widely varying stroke
recurrence definitions. In some studies, the risk of recurrence
within the first month would have been underestimated since
early recurrences involving the same arterial territory, or res-
ulting in similar symptoms to the index event, were not always
considered as recurrent strokes. There is also some overlap
between the definition of recurrent stroke and stroke-in-
progression. Stroke-in-progression is thought to be particu-
larly common in lacunar stroke (Nakamura et al, 1999);
therefore, very early recurrences among lacunar patients
may not be counted as such and may instead be considered
part of the evolution of the initial stroke. Stroke-in-
progression has been defined recently by the European Stroke
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Database collaboration as ‘neurological progression occurring
within the first 3 days’ (Birschel et al, 2004). In agreement
with others (Coull and Rothwell, 2004), we recommend that
neurological worsening occurring at any time after the index
event, following a period of stability of >24 h should be
considered a potential recurrent stroke. Otherwise the very
early recurrence risk will be underestimated (Coull and
Rothwell, 2004). A standard definition of recurrent stroke
is needed if reliable and unbiased conclusions are to be
drawn from individual studies and pooled analyses.

Notwithstanding the methodological limitations outlined
above, our findings on the longer term risks of recurrent
stroke (which are less likely to be subject to stroke recurrence
definition bias) and death do not provide support for
fundamentally different arterial pathologies in lacunar and
non-lacunar infarction.

Our three different analyses on recurrent stroke subtypes
do, however, provide some evidence that recurrent stroke
subtypes ‘breed true’, lending some support to the hypothesis
of a different arterial pathology underlying lacunar infarction.
However, as mentioned above, there will have been some
misclassification of ischaemic stroke subtypes, both at base-
line and following recurrent events. Recurrent stroke subtypes
in particular may not have been very accurately classified since
very few studies reported using MR brain imaging for recur-
rences, and none reported use of MR DWI, which is particu-
larly useful in differentiating between old and recent infarcts
and in establishing the infarct subtype. In patients with resid-
ual deficits from their first stroke, suspected recurrences in the
same arterial territory as the index event can be particularly
difficult to diagnose and classify without the help of advanced
MRI. It is difficult to predict the effect of such misclassif-
ication on the results, but it is possible that, in the face of
uncertainty, the infarct subtype assigned is more likely to be
the same as that of the first stroke. In addition, our analyses of
recurrent stroke subtypes could not control for the differential
use or effects of secondary preventive interventions such as
anticoagulation and carotid endarterectomy in different sub-
types of ischaemic stroke. There were very few available data
on the risk of MI following different ischaemic stroke
subtypes. We found no significant difference in the risk of
cardiac death among non-lacunar versus lacunar infarct
patients. However, this was based on a relatively small number
of outcome events, and further study of the long-term risks of
fatal and non-fatal M1 after different stroke subtypes is needed
before reliable conclusions can be drawn.

In conclusion, while differences between lacunar and non-
lacunar infarct patients in early risks of death and recurrent
stroke suggest different predominant mechanisms in terms of
the arterial occlusive source, available data on the longer-term
risks of death and recurrent stroke do not provide convincing
support for fundamentally different arterial pathologies.
Recurrent stroke subtype patterns provide some evidence
for different arterial pathologies, but the studies had
methodological limitations. Data on long term risks of MI
after lacunar versus non-lacunar infarction are very sparse.
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Pooled analyses of individual patient data from existing
studies, as well as further, methodologically rigorous, long
term follow-up studies that include both lacunar and non-
lacunar infarct patients, with advanced MRI (including DWTI)
of recurrent strokes and collection of data on cardiac as well as
stroke outcomes, are needed if meaningful conclusions about
the arterial pathology of lacunar infarction are to be drawn
from follow-up studies.

Acknowledgements
Both authors are funded by the Wellcome Trust, UK.
We would like to thank Professors Martin Dennis, Charles
Warlow and Peter Sandercock, Dr Steff Lewis, and the
anonymous reviewers for their helpful comments on earlier
versions of the manuscript.

References

Anderson CS, Jamrozik KD, Broadhurst R], Stewart-Wynne EG. Predicting
survival for 1 year among different subtypes of stroke. Results from the
Perth Community Stroke Study. Stroke 1994; 25: 1935-44.

Bamford J, Sandercock P, Dennis M, Burn J, Warlow C. Classification and
natural history of clinically identifiable subtypes of cerebral infarction.
Lancet 1991; 337: 1521-6.

Barnett HJM, Gunton RW, Eliasziw M, Fleming L, Sharpe B, Gates P, et al.
Causes and severity of ischaemic stroke in patients with internal carotid
artery stenosis. JAMA 2000; 283: 1429-36.

Birschel P, Ellul J, Barer D. On behalf of the European Progressing Stroke
Study (EPSS) Group. Progressing stroke: towards an internationally agreed
definition. Cerebrovasc Dis 2004; 17: 242-52.

Boiten J, Lodder J. Prognosis for survival, handicap and recurrence of stroke
in lacunar and superficial infarction. Cerebrovasc Dis 1993; 3: 221-6.
Brainin M, Seiser A, Czvitkovits B, Pauly E. Stroke subtype is an age-
independent predictor of first-year survival. Neuroepidemiology 1992;

11: 190-5.

Bryant T. Confidence Interval Analysis. (2.0.0 Build 41). Bristol: BMJ Books;
2000.

Clavier I, Hommel M, Besson G, Noelle B, Perret JE. Long-term prognosis of
symptomatic lacunar infarcts. A hospital-based study. Stroke 1994; 25:
2005-9.

Coull AJ, Rothwell PM. Underestimation of the early risk of recurrent stroke.
Evidence of the need for a standard definition. Stroke 2004; 35: 1925-9.

De Jong G, Kessels F, Lodder J. Two types of lacunar infarction. Further
arguments from a study on prognosis. Stroke 2002; 33: 2072—6.

De Jong G, van Raak L, Kessels F, Lodder J. Stroke subtype and mortality. A
follow-up study in 998 patients with a first cerebral infarct. J Clin Epidemiol
2003; 56: 262-8.

Eriksson SE, Olsson JE. Survival and recurrent strokes in patients with
different subtypes of stroke: a fourteen-year follow-up study. Cerebrovasc
Dis 2001; 12: 171-80.

Evans A, Perez I, Yu G, Kalra L. Secondary stroke prevention in atrial
fibrillation. Lessons from clinical practice. Stroke 2000; 32: 2106-11.

Gandolfo C, Moretti C, Dall’Agata D, Primavera A, Brusa G, Loeb C.
Long-term prognosis of patients with lacunar syndromes. Acta Neurol
Scand 1986; 74: 224-9.

Giroud M, Milan C, Beuriat P, Gras P, Essayagh E, Arveux P, et al. Incidence
and survival rates during a two-year period of intracerebral and subarach-
noid haemorrhages, cortical infarcts, lacunes and transient ischaemic
attacks. The Stroke Registry of Dijon: 1985-1989. Int J Epidemiol 1991;
20: 892-9.

Grau AJ, Weimar C, Buggle F, Heinrich A, Goertler M, Neumaier S, et al.
Risk factors, outcome and treatment in subtypes of ischaemic stroke. The
German Stroke Data Bank. Stroke 2005; 32: 2559-66.

C. Jackson and C. Sudlow

Hart RG, Pearce LA, Miller VT, Anderson DC, Rothrock JF, Albers GW, et al.
Cardioembolic vs noncardioembolic strokes in atrial fibrillation: frequency
and effect of antithrombotic agents in the Stroke Prevention in Atrial
Fibrillation studies. Cerebrovasc Dis 2000; 10: 39—43.

Hier DB, Foulkes MA, Swiontoniowski M, Sacco RL, Gorelick PB, Mohr JP,
et al. Stroke recurrence within 2 years after ischemic infarction. Stroke
1991; 22: 155-61.

Hillen T, Coshall C, Tilling K, Rudd AG, McGovern R, Wolfe CD, et al. Cause
of stroke recurrence is multifactorial: patterns, risk factors, and outcomes
of stroke recurrence in the South London Stroke Register. Stroke 2003; 34:
1457-63.

Inzitari D, Eliasziw M, Sharpe BL, Fox AJ, Barnett HJM. On behalf of the
North American Symptomatic Carotid Endarterectomy Trial Group. Risk
factors and outcome of patients with carotid artery stenosis presenting with
lacunar stroke. Neurology 2000; 54: 660—6.

Jackson C, Sudlow C. Are lacunar strokes really different? A systematic review
of differences in risk factor profiles between lacunar and non-lacunar
infarcts. Stroke 2005; 36: 891-904.

Kazui S, Levi CR, Jones EF, Quang L, Calafiore P, Donnan GA. Lacunar
stroke: transoesophageal echocardiographic factors influencing long-
term prognosis. Cerebrovasc Dis 2001; 12: 325-30.

Kolominsky-Rabas P, Sarti C, Heuschmann P, Graf C, Siemonsen S,
Neundoerfer B, et al. A prospective-based study of stroke in Germany—
The Erlangen Stroke Project (ESPro). Incidence and case fatality at 1, 3,
and 12 months. Stroke 1998; 29: 2501-6.

Landi G, Cella E, Boccardi E, Musicco M. Lacunar versus non-lacunar
infarcts: pathogenetic and prognostic differences. ] Neurol Neurosurg
Psychiatry 1992; 55: 441-5.

Lovett JK, Coull AJ, Rothwell PM. Early risk of recurrence by subtype of
ischaemic stroke in population-based incidence studies. Neurology 2004;
62: 569-73.

Mead GE, Lewis SC, Wardlaw JM, Dennis MS, Warlow CP. Should computed
tomography appearance of lacunar stroke influence patient management?
J Neurol Neurosurg Pyschiatry 1999; 76: 682—4.

Miyao S, Takano A, Teramoto J, Takahashi A. Leukoaraiosis in relation to
prognosis for patients with lacunar infarction. Stroke 1992; 23: 1434-8.
Moroney JT, Bagiella E, Tatemichi TK, Paik MC, Stern Y, Desmond DW.
Dementia after stroke increases the risk of long-term stroke recurrence.

Neurology 1997; 48: 1317-25.

Moroney JT, Bagiella E, Paik MC, Sacco R, Desmond DW. Risk factors for
early recurrence after ischaemic stroke. The role of stroke syndrome and
subtype. Stroke 1998; 29: 2118-24.

Murat SM, Erturk O. Ischemic stroke subtypes: risk factors, functional
outcome and recurrence. Neurol Sci 2002; 22: 449-54.

Nadeau SE, Jordan JE, Mishra SK, Haerer AF. Stroke rates in patients with
lacunar and large vessel cerebral infarctions. ] Neurol Sci 1993; 114: 128-37.

Nakamura K, Saku Y, Ibayashi S, Fujishima M. Progressive motor deficits in
lacunar infarction. Neurology 1999; 52: 29-33.

Norrving B. Long-term prognosis after lacunar infarction. Lancet 2003;
2: 238-45.

Norrving B, Staaf G. Pure motor stroke from presumed lacunar infarct.
Incidence, risk factors and initial course. Cerebrovasc Dis 1991; 1: 203-9.

Petty GW, Brown RD Jr, Whisnant JP, Sicks JD, O’Fallon WM, Wiebers DO.
Ischemic stroke subtypes: a population-based study of functional outcome,
survival, and recurrence. Stroke 2000; 31: 1062-8.

Prencipe M, Culasso F, Rasura M, Anzini A, Beccia M, Cao M, et al.
Long-term prognosis after a minor stroke. 10-year mortality and major
stroke recurrence rates in a hospital-based cohort. Stroke 1998; 29:
126-32.

Sacco S, Whisnant JP, Broderick JP, Phillips SJ, O’Fallon WM. Epidemio-
logical characteristics of lacunar infarcts in a population. Stroke 1991; 22:
1236-41.

Sacco RL, Shi T, Zamanillo MC, Kargman DE. Predictors of mortality and
recurrence after hospitalized cerebral infarction in an urban community:
the Northern Manhattan Stroke Study. Neurology 1994; 44: 626-34.

Salgado AV, Ferro JM, Gouveia-Oliveira A. Long-term prognosis of first-ever
lacunar strokes. A hospital-based study. Stroke 1996; 27: 661-6.

202 Iudy 01 uo }sanb Aq L096€€/.0G2/1 /8| /2101He/UIBIq/WOD dNO"OlWBapede//:SdRY WOl papeojumoq



Outcome of lacunar versus non-lacunar infarction

Samuelsson M, Lindell D, Olsson GB. Lacunar infarcts: a 1-year clinical and
MRI follow-up study. Cerebrovasc Dis 1994; 4: 265-72.

Samuelsson M, Lindell D, Norrving B. Presumed pathogenetic mechanisms of
recurrent stroke after lacunar infarction. Cerebrovasc Dis 1996; 6: 128—36.

Soda T, Nakayasu H, Maeda M, Kusumi M, Kowa H, Awaki E, et al. Stroke
recurrence within the first year following cerebral infarction—Tottori
University Lacunar Infarction Prognosis Study (TULIPS) Acta Neurol
Scand 2004; 110: 343-9.

Staaf G, Lindgren A, Norrving B. Pure motor stroke from presumed lacunar
infarct: long-term prognosis for survival and risk of recurrent stroke. Stroke
2001; 32: 2592-6.

Toni D, Fiorelli M, De Michele M, Bastianello S, Sacchetti ML, Montinaro E,
et al. Clinical and prognostic correlates of stroke subtype misdiagnosis
within 12 hours from onset. Stroke 1995; 26: 1837—40.

Wardlaw J, Sandercock P, Dennis M, Starr J. Is breakdown of the blood-brain
barrier responsible for lacunar stroke, leukoaraiosis, and dementia? Stroke
2003; 34: 806—-12.

Yamamoto H, Bogousslavsky J. Mechanisms of second and further strokes.
J Neurol Neurosurg Psychiatry 1998; 64: 771-6.

Yamamoto Y, Akiguchi I, Oiwa K, Hayashi M, Kasai T, Ozasa K. Twenty-four-
hour blood pressure and MRI as predictive factors for different outcomes in
patients with lacunar infarct. Stroke 2002; 33: 297-305.

Yokota C, Minematsu K, Hasegawa Y, Yamaguchi T. Long-term prognosis,
by stroke subtypes, after a first-ever stroke: a hospital-based study over a
20-year period. Cerebrovasc Dis 2004; 18: 111-6.

Brain (2005), 128, 2507-2517 2517

Appendix
Medline search*

(i) Cerebrovascular disorders/or exp basal ganglia
cerebrovascular disease/or exp brain ischemia/or exp
carotid artery diseases/or exp cerebrovascular accident/
or exp dementia, vascular/or exp hypoxia-ischemia,
brain/or exp intracranial arterial  diseases/or
exp ‘intracranial embolism and thrombosis’/or exp
intracranial ~ hemorrhages/or  exp  vasospasm,
intracranial/

(ii) (Stroke$ or cerebrovasc$ or cerebral vasc$).tw.

(iii) 1 or 2
(iv) lacun$.tw.

(v) ((lacunar or small or subcortical or silent) adj5 (infarct$
or stroke)).tw.

(vi) (small vessel adj5 (stroke$ or occlusion or disease)).tw.
(vii) 4 or 5 or 6
(viii) 3 and 7

(ix) Limit 8 to human.

*A similar, appropriately adapted search was used for Embase.
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