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domain-specific cognitive impairment in
lacunar stroke

ABSTRACT

Objective: To quantitatively characterize domain-specific cognition in individuals with symptomatic
lacunar stroke in a systematic review.

Methods: Systematic searches of MEDLINE and EMBASE were conducted. Inclusion criteria were all
articles published prior to December 2011 evaluating domain-specific cognitive status in individuals
with a symptomatic lacunar infarct. Data extraction identified cognitive domains with reported impair-
ment and effect size calculations and heterogeneity analyses were completed to assess the magnitude
of this impairment for all studies with control group data.

Results: Results of the search yielded 12 cross-sectional and 5 longitudinal studies that met inclusion
criteria. Effect size calculations revealed small to medium effect sizes (ES) estimations for impairment
after stroke in the domains of executive function (ES —0.44, 95% confidence interval [Cl] —0.83,
—0.50), memory (ES —0.55, 95% Cl —0.96, —0.13), language (ES —0.63, 95% CI —0.92, —0.33),
attention (ES —0.37, 95% Cl —0.67, —0.07), and visuospatial abilities (ES —0.61, 95% C| —1.03,
0.19), and large effect sizes for global cognition (ES —0.90, 95% CI| —1.48, —0.31) and information
processing speed (ES —0.93, 95% Cl —1.63, —0.23). Heterogeneity analyses revealed that a subset
of these domains were heterogeneous and identified moderating factors accounting for this
heterogeneity.

Conclusions: Results of this systematic review are consistent with previous characterizations of cog-
nitive impairment associated with lacunar strokes. However, impaired cognition in this stroke subtype
appears less selective than previously thought, involving all major cognitive domains. Neurology®
2013;80:315-322

GLOSSARY

Cl = confidence interval; ES = effect sizes; NPT = neuropsychological test; SVD = small-vessel disease.

Lacunar stroke is the most common manifestation of cerebral small-vessel disease (SVD)! and is an
important predictor of poststroke cognitive decline and vascular dementia.”> Approximately one-
third of individuals develop cognitive impairment after stroke.” There is an estimated 11%-23%
risk** of developing dementia following a lacunar stroke, and this risk increases with recurrent
lacunar events® and the presence of concurrent white matter disease.*® Dementia is a leading cause
of dependency after stroke and has a devastating impact on poststroke quality of life.”

The cognitive profile generally considered to be associated with cerebral SVD involves preserved
memory with impairment in attentional and executive functioning.'*'" A number of cross-sectional
studies have examined the relationship between lacunar stroke and cognitive impairment.'*" In
addition, relatively few studies have investigated longitudinal changes in cognitive function following
lacunar stroke. To date, no quantitative systematic review has been conducted to investigate the
cognitive impairment associated with lacunar stroke and its relation to the profile associated with SVD.

We present a quantitative systematic review of studies evaluating domain-specific cognition in
individuals with symptomatic lacunar infarct. The objectives of this review were to identify and
describe the cognitive domains subject to impairment in individuals with symptomatic lacunar
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infarct, quantify the degree of domain-specific
impairment in individuals with lacunar stroke
compared to healthy controls, identify factors
that may moderate the magnitude of cognitive
impairment estimated in individual studies,
and characterize the longitudinal trajectory of
cognitive deficits associated with lacunar stroke.
Based on previous work identifying a distinct
neuropsychological test (NPT) profile for cere-
bral SVD,'* we predict that the literature evalu-
ating cognitive function in lacunar stroke
populations will reveal impairments in atten-
tion/working memory and executive function,
with relative sparing of episodic memory.

METHODS The present systematic review was conducted in
accordance with the guidelines outlined by the Center for Dis-

semination and Reviews.!®

Inclusion/exclusion criteria. Published articles through Decem-
ber 2011 were evaluated for inclusion if the study 1) involved a study
population with individuals with symptomatic lacunar infarct, 2) the
stroke was confirmed on either CT or MRI, and 3) at least 2 NPTs
were administered to evaluate cognitive status, including at least
1 domain-specific measure (table 1). Inclusion was also restricted to
prospective observational studies involving cognitive assessments con-
ducted either cross-sectionally or longitudinally. All longitudinal stud-
ies required a minimum of 2 prospective time points separated by
a minimum of 6 months.

Studies investigating individuals with preexisting dementia,
asymptomatic SVD, asymptomatic lacunes, or white matter changes
only were excluded from this review. Studies where lacunar stroke was
investigated as a subtype of a larger ischemic stroke sample were
excluded unless results were reported separately for the lacunar sub-
type. In order to evaluate cognition specifically in relation to a docu-
mented clinical event, and ensure a homogenous population, we
elected to exclude studies that did not confirm the presence of symp-
tomatic lacunar infarction on CT or MRI. All retrospective studies,
case studies, opinion and review articles, guidelines, published ab-
stracts, and conference proceedings were excluded. Studies published

in languages other than English were also excluded.

Search strategy. A systematic search of publications listed in
MEDLINE and EMBASE databases was conducted using a combi-
nation of the following free text and MeSH search terms: (“small
vessel disease” or “small vessel stroke” or “lacune” or “lacunar stroke”
or “lacunar infarct” or “silent stroke” or “white matter lesion”) and

(“cerebrovascular disease” or “cerebral infarction” or “vascular disease”

3. Measures

4. Study
design
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[ Table 1 Inclusion criteria ]
Criteria Description
1. Study Symptomatic lacunar infarct
population
2. Imaging Lacunar infarct confirmed by either CT or MRI diagnostic imaging

a. At least 2 neuropsychological tests administered to evaluate cognitive status
b. At least 1 domain-specific test included in assessment
Outcome must be measurement of cognition at a single time point following the

index event (cross-sectional studies) or at least 2 prospective time points
separated by a minimum of 6 months (longitudinal studies)
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or “cerebral small vessel disease” or “stroke”) and (“cognitive assess-
ment” or “cognitive function” or “neuropsychological test”) and
(“cognition” or “cognitive disorders”). All MeSH headings were
exploded with subheadings included.

Citations were screened hierarchically by title, abstract, and full
text. Initially, a title review was conducted to eliminate repeat and
overlapping citations between databases and exclude studies that
did not meet inclusion criteria. Next, for all remaining citations, pri-
mary raters (J.D.E, O.RB.) conducted an abstract review and
excluded those that did not meet inclusion criteria. All remaining ci-
tations then underwent a full text review and any conflicts in final
article selection were resolved by consensus among the raters. Final
studies were divided into cross-sectional and longitudinal studies
and data extraction was completed separately for each category. After
consensus, a third independent rater (B.P.) reviewed and identified
studies for inclusion from a sample consisting of all final studies
selected by the primary raters and a random subset of the excluded
studies. Cohen k and percent positive agreement were calculated to

assess interrater reliability."”

Data analyses. For each study, demographic information and
information on study design and setting were extracted (tables 2
and 3). In addition, prior to the quantitative analysis, data charac-
terizing individual NPT udilized in each study were extracted and
categorized into groups based on the domains they are known or
assumed to measure (tables e-1 and e-2 on the Neurology® Web site
at www.neurology.org).

To quantify the degree of domain-specific cognitive impairment
for individuals with lacunar stroke compared to healthy controls, effect
size (ES) estimates were calculated for all studies with data for both
patient and control groups. Continuous data (mean, SD, n) from
all relevant cross-sectional and longjtudinal studies (baseline data only)
were extracted for all reported neuropsychological outcome measures
within each domain of cognitive impairment (tables e-1 and e-2). For
each domain, reported test scores from the same tasks were pooled
using DSTAT™ to generate a composite mean. Hedges ¢ with a
random-effects model (Msubjecs — Mcontolsl/SDpooled)'” Was then
used to estimate an omnibus ES for each domain with a minimum of
3 included studies (table e-3). When multiple outcome measures were
reported for a particular domain (e.g., memory), outcomes were
pooled into a single effect for each task used in the study and a
combined mean was used in the omnibus calculation. Additionally,
for studies reporting a composite score only, that score was used to
generate the omnibus ES for the domain. All effects were coded so that
a negative effect size indicated impaired performance on that domain
for the patient group compared to healthy controls. ES calculations
were conducted using Comprehensive Meta-Analysis software.”’

To evaluate the degree of heterogeneity across studies, effects
for all cognitive domains were subjected to Cochran Q and 7
tests, where a significant Q test indicates that the variation among
studies for a particular domain may be attributed to heterogeneity
rather than chance and larger /* values indicate increasing heter-
ogeneity.?! For those domains that showed significant heteroge-
neity, the following potential moderating factors were identified:
neuropsychological protocol (single vs composite measure), age,
time since stroke, prior stroke, sampling frame (hospital-based vs
population-based), and study design (cross-sectional vs longitu-
dinal). All moderating factors were entered into the heterogeneity
analyses in a stepwise fashion to determine which, if any, had an
impact on the observed /* values for domains with significant
heterogeneity. Heterogeneity analyses were conducted using

Comprehensive Meta-Analysis software.*

RESULTS The initial search resulted in a total of
1,164 articles from Ovid (n = 483) and EMBASE



[ Table 2 Demographic information for cross-sectional studies of cognitive function after symptomatic lacunar infarct ]

Authors

Anderson et al.*®
Babikian et al.22

Fure et al.*2
Grau-Olivares et al.2®
McMurtray et al.??
O'Sullivan et al.2®
O'Sullivan et al.*®
Sabri et al.2®

Van der Werf et al.?”
Van Zandvoort et al.2®
Van Zandvoort et al.2®

Van Zandvoort et al.3°

Sample size

Year (frame) Mean age, y (SD) % Male/female
2008 17 (Pop) 69.7 (10.1) 47/53
1990 11 (Hosp) 64.6 (6.0) NR
2006 71 (Hosp) 65.5 (9.3) 6/94
2007 40 (Hosp) 70.7 (12.2) 53/47
2008 8 (Hosp) 74.3 (8.0) NR
2004 36 (Hosp) 69.5 (8.8) 67/33
2005 32 (Hosp) 70.0 (8.8) 69/31
1998 57 (Hosp) 69 (10) 56/44
2003 22 (Hosp) 57 59/41
1998 16 (Hosp) 56.8 56/44
2003 17 (Hosp) 60 (11.6) 71/29
2005 26 (Hosp) 60.5 (12.3) 61/39

(n = 681) databases (figure e-1). The title review led
to the exclusion of 701 repeat or overlapping cita-
tions, or articles that did not meet inclusion criteria,
resulting in a total of 463 remaining articles (Ovid [n
= 252]; EMBASE [n = 211]). The abstract review
resulted in the additional exclusion of 217 articles. A
total of 246 articles remained, 69 longitudinal and
177 cross-sectional, for full review and consensus.
After consensus, 5 longitudinal and 12 cross-sectional
studies were identified that met review inclusion cri-
teria.'21%1>22-3¢ Results showed high interrater relia-
bility for article selection (Cohen k = 0.78). Percent
positive agreement was also excellent, with 83.3%
agreement on article selection between the primary
and independent raters.

Data extraction.  Crosssectional studies. Twelve cross-
sectional studies met inclusion criteria. Demographic
information for these studies is presented in table 2.
Results of the data extraction revealed that, in addition
to global cognition, the following 8 cognitive domains
were evaluated across studies: learning and memory;
information/otientation; language; information process-
ing speed; attention/working memory; executive

Prior Time since Matched control
stroke Imaging stroke, mo group, age/sex
N CT/MRI 3 Y

Y CT 1 Y

Y CT 0 N

Y MRI 1 N

NR MRI 0 Y

NR MRI NR Y

NR MRI 3 Y

NR MRI 36 N

NR MRI NR N

NR CT/MRI 14 Y

N MRI 14 Y

N MRI NR Y

Abbreviations: Hosp = hospital-based sample; NR = not reported; Pop = population-based sample.

functioning; praxis/motor function; and visuospatial/
construction (table e-1). However, results also revealed
that studies varied widely in their degree of domain-
specific coverage. While some studies tested the major-

lty Of domains’ 13,22,23,25,26,28-30

12,27,37

others provided only
acceptable or limited domain-specific coverage
(table e-1). Importantly, no single study evaluated cog-
nitive performance for all domains. Generally, the
domains of learning and memory, language, attention/
working memory, and executive functioning were more
comprehensively evaluated than information/orientation,
language, and praxis/motor function.

All cross-sectional studies included in this review
reported impaired cognitive performance for individ-
uals with lacunar stroke compared to normal

13,15,22,28-30,37 12,23,26 or CliniCal

controls, normative data,
judgment.”**” Consistent with our hypothesis, the data
extraction revealed that, in addition to global cognition,
the domains reported to be primarily affected in lacunar
stroke patients were executive functioning and attention/
working memory. Unlike the profile for impairment
associated with SVD, deficits in the domains of learning
and memory were also reported for individuals with lacu-

nar stroke. However, this pattern of impairment was not

[ Table 3 Demographic information for longitudinal studies of cognitive function after symptomatic lacunar infarct ]
Sample size  Mean age, Prior Time since  Matched control
Authors Year (frame) y (SD) % Male/female  stroke Imaging Follow-up, mo  stroke, mo  group, age/sex
Anderson et al.3* 2008 30 (Pop) 68.3(16.8) 54/46 N CT/MRI 3,12 3 Y
Mok et al.32 2008 61 (Hosp) 68.7 (11.2) 53/47 Y MRI 3,286 8 Y
Nitkunan et al.2® 2008 35 (Hosp) 69 69/31 NR Multimodal MRl =3, 12 >3 N
Rasquin et al.3* 2007 101 (Pop) 65.4 (10.5) 47/53 Y CT 1,24 1 N
Van Zandvoort et al.3* 2001 16 (Hosp) 56.8 (12.3) 56/44 NR CT/MRI =6, =12 14 Y

Abbreviations: Hosp = hospital-based sample; NR = not reported; Pop = population-based sample.
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consistent across studies and may be subject to bias, as
some studies measured only these domains.

Longitudinal studies. Only 5 longitudinal studies met
inclusion criteria. Demographic information for these
studies is presented in table 3. Results of the data
extraction revealed that the cognitive domains evalu-
ated in the longitudinal studies included in this review
were consistent with the domains evaluated cross-
sectionally (table e-2). In addition, similar to the
cross-sectional literature, the domains of learning and
memory, language, attention/working memory, and
executive functioning were more comprehensively
evaluated than information/orientation, language,
and praxis/motor function. Again, no single study eval-
uated cognitive performance across all domains.

All included longitudinal studies reported impair-
ment at baseline in one or more cognitive domains for
subjects with lacunar stroke in comparison to normal

3235 or normative data,?>3*

controls with the exception
of Anderson et al.,’' who reported no group-level differ-
ences at baseline for any domain (table e-2). Again,
consistent with the study hypothesis, baseline impair-
ment was most consistently reported for the domain of
executive functioning®**%>3%; however, deficits in global
cognition,” learning and memory,” and language®
were also reported. At follow-up, regardless of the sever-
ity of baseline impairment or time between assessments,
all studies reported that stroke patients showed similar
performance to baseline across domains, whether as-

sessed by comparison to controls,**>%

within-group,”
or as a diagnostic classification.** Thus, data extraction
revealed no consistent evidence that individuals with
lacunar stroke show greater or different decline than

controls over time.

Effect size calculations and heterogeneity analyses. Results
from the ES calculations revealed that, for studies that
included control groups (both cross-sectional and longj-
tudinal [baseline only]), there were significant differences
in cognitive performance between individuals with

lacunar stroke and healthy controls for several cognitive
domains (table 4). Specifically, small to medium esti-
mates were observed for the domains of executive func-
tion (ES —0.44, 95% confidence interval [CI] —0.83,
—0.50), memory (ES —0.55, 95% CI —0.96, —0.13),
language (ES —0.63, 95% CI —0.92, —0.33), attention
(ES —0.37, 95% CI —0.67, —0.07), and visuospatial
abilities (ES —0.61, 95% CI —1.03, 0.19), while global
cognition (ES —0.90, 95% CI —1.48, —0.31) and
information processing speed (ES —0.93, 95% CI
—1.63, —0.23) showed large effect size estimations
(table 4). Across studies, lacunar stroke patients showed
mild to moderate impairment compared to controls for
these domains (figure 1).

Results from the heterogeneity analyses indicated
that, of the domains with significant effect sizes, global
cognition, executive function, visuospatial processing,
and information processing speed also showed signifi-
cant heterogeneity (figure 1). To identify the source
of this heterogeneity, analyses were adjusted for several
potential moderating factors, including neuropsycho-
logical protocol (single vs composite measure), age,
time since stroke, prior stroke, sampling frame (hospi-
tal-based vs population-based), and study design
(cross-sectional vs longitudinal). The adjusted analyses
revealed that the heterogeneity in effect sizes for infor-
mation processing speed could not be attributed to any
of these factors (table e-4). However, for global cogni-
tion and for the domains of executive function and
visuospatial processing, a significant source of variabil-
ity in effect sizes could be attributed to the type of
neuropsychological protocol (single vs composite mea-
sure), time since stroke, and study design (cross-
sectional vs longitudinal) (table e-4). Age and prior
stroke did not significantly account for the heteroge-
neity present in any cognitive domain.

DISCUSSION This is the first quantitative systematic
review to evaluate and characterize domain-specific cog-
nitive impairment associated with symptomatic lacunar

Table 4

Effect size calculations and heterogeneity analyses comparing domain-specific cognitive performance in lacunar stroke patients vs

healthy controls for all cross-sectional and longitudinal studies (baseline data only) with control group data

Global cognition
Executive function
Language

Attention

Memory

Visuospatial processing

Information processing speed

2 Significant (heterogeneous).
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Effect size and 95% confidence interval

Heterogeneity

Point Lower
No. estimate SD units Variance limit
5) -0.90 ~0.80 0.09 -1.48
6 -0.44 ~0.50 0.04 -0.83
7 -0.63 ~0.50 0.02 -0.92
6 -0.37 ~0.20 0.02 -0.67
6 -0.55 ~0.50 0.21 -0.96
6 -0.61 ~0.60 0.04 -1.03
4 -0.93 ~0.80 0.13 -1.63
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Upper 12, % of total
limit Q value df (Q) p Value variability
-0.31 16.41 4 <0.01° 75.63
-0.05 13.67 5 0.022 63.41
-0.33 8.01 6 0.24 25.10
-0.07 6.21 5 0.29 19.46
-0.13 10.71 5 0.06 53.29
-0.19 1221 5 0.03* 59.04
-0.23 14.87 3 <0.01° 79.82



Figure 1 Forest plot representation of effect sizes (lacunar stroke vs control) as a function of cognitive
domain and heterogeneity associated with each domain
Group by Hedges' g & 95% ClI
Outcome
Hedges’ g Z-value P-value
Attention -0.37 -2.404 0.016 ol
Executive -0.44 -2.22 0.027 o
Global -0.90 -3.00 0.003
Language -0.63 -4.13 0.001
Memory -0.55 -2.59 0.010
Speed -0.93 -2.61 0.009
Visuospatial -0.61 -2.85 0.004

infarct, quantify the degree of impairment after lacunar
stroke across domains, and identify potential factors that
may moderate observed effects. The main findings of
this review were that the majority of studies (cross-
sectional and longitudinal) reported impairment in mul-
tple cognitive domains following lacunar stroke. As
predicted, impairment after lacunar stroke was present
in the domains of attention/working memory and exec-
utive functioning; however, impairment was also
reported for additional domains, including memory,
language, and visuospatial function. Further, the magni-
tude of impairment in stroke patients ranged from small
to medium in the domains of executive function, mem-
ory, language, attention, and visuospatial abilities to
large for global cognition and information processing
speed. In addition, estimates for ES were homogeneous,
with the exception of those for global cognition, execu-
tive function, visuospatial processing, and information
processing speed, and neuropsychological protocol (sin-
gle vs composite measure), time since stroke, and study
design (cross-sectional vs longitudinal) appear to be
sources of heterogeneity in the evaluation of global cog-
nition, executive functioning, and visuospatial process-
ing. Finally, descriptive evidence suggests no change in
domain-specific cognitive function over time in individ-
uals with lacunar stroke, with neither recovery nor fur-
ther decline.

Results of this review implicate several cognitive do-
mains potentially affected by lacunar stroke. Consistent
with our hypothesis, ES calculations revealed mild
to moderate impairment after stroke (ES —0.44
to —0.63) in the domains of executive function and
attention/working memory and more severe impair-
ment (ES —0.90 to —0.93) for global cognition and
information processing speed. These findings are con-
sistent with previous work showing that cognitive

-2.00 -1.00 0.00 1.00 2.00

Lacunar Control

impairment associated with cerebral SVD occurs in
the domains most susceptible to disruptions in sub-
cortical gray and white matter, including processing
speed and various aspects of executive function,**~#
and are also consistent with reports of frontal cog-
nitive decline associated with the syndrome of cap-
sular genu infarction.*’~#** However, our findings
depict a broader impairment profile, with involve-
ment of memory, language, and visuospatial abilities,
extending previous characterizations of subcortical vas-
cular cognitive impairment.'"*> Importantly, domain
impairments should not be understood as independent
of each other and based on separable neuroanatomical
substrates: while the exact contribution of information
processing, attentional, and executive dysfunctions to
other impairments remains to be delineated, there is a
strong theoretical basis for positing an enabling and
organizing role of these dysfunctions in cognition and
memory. 4

There was substantial variability across studies in the
specific domains where impairment was reported.
Although all the included studies employed some stan-
dardized measures in their neuropsychological assess-
ments, critically, no single study (either cross-sectional
or longitudinal) evaluated all cognitive domains. It is
also possible that the studies included in this review were
underpowered for analyses at the individual test level.
The majority of studies included in this review had rel-
atively small sample sizes (n < 50: range 16-101). Due
to the small study samples, none of the analyses in
included studies adjusted for potential covariates or con-
ducted subgroup analyses, which may provide impor-
tant information about potential within-group
differences in domain-specific cognitive abilities. Thus
effects for some domains may have been masked by var-
iability. This variability may be attributed to the marked
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heterogeneity in neuropsychological instruments, study
outcomes, and analytic techniques used across studies, or
to potential heterogeneity across studies in the inclusion
of patients of different ages and those with index vs
recurrent, or prior, clinical events. This is particularly
important given the results of the heterogeneity analysis
in the present study.

Our findings indicated that the domain of global
cognition showed significant heterogeneity attributable
to the moderating factors of neuropsychological proto-
col and time since stroke (table e-4). Thus, given that
many previous studies have evaluated cognition using
only global measures (e.g., Mini-Mental State Examina-
tion)®>? and have sample sizes unable to support
adjusted analyses, it is possible that previous findings
of cognitive status after lacunar stroke may be biased
by the demonstrated heterogeneity for this domain, if
results were not adjusted for these confounding varia-
bles. Although age and prior stroke did not significantly
account for heterogeneity across studies in the present
systematic review, these factors are well-recognized pre-
dictors of cognitive impairment. Specifically, both
increasing age and increased lacunar burden are associ-
ated with greater cognitive decline™** and their poten-
tial impact on cognitive impairment merits further
study. Thus, future work would benefit from the use
of sample sizes sufficient to allow for both adjusted and
subgroup analyses; study designs that account and
report on factors shown to moderate potential factors
of heterogeneity, including type of neuropsychological
protocol (single vs composite measure), age, time since
stroke, study design (cross-sectional vs longitudinal),
and history of prior stroke; and the explicit exploration
of the impact of these factors on measures of poststroke
cognitive decline.

Effect sizes presented in this study involved cross-sec-
tional data and baseline-only data from longitudinal
studies. As a result, these analyses provide evidence for
specific domains impacted at the outset after lacunar
stroke; however, the longitudinal course of performance
on these domains remains unclear. Thus, the inclusion
of cognition as an outcome in future prospective obser-
vational studies and clinical trials is urgently required.
The Secondary Prevention of Small Subcortical Strokes
(SPS3) clinical trial” (NCT:000593006), the first mul-
ticenter stroke prevention trial to prospectively examine
domain-specific cognitive outcomes in 3,000 patients
with symptomatic lacunar infarcts,” will provide pivotal
dara regarding the long-term impact of lacunar stroke on
domain-specific cognitive function.

Notwithstanding the noted paucity of longitudinal
studies in this review, descriptive findings suggested that
the cognitive impact associated with lacunar stroke re-
mains stable over time. These results are consistent with
previous reviews of poststroke dementia that demon-
strated the longer-term rate of cognitive decline is largely
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accounted for by stroke recurrence and, in its absence,
there appears to be a chronic nonprogressive course.®>°
Another potential explanation for the observed lack of
change in cognitive performance was the length of study
follow-up. Only 2 of the 5 longitudinal studies had
follow-up times exceeding 1 year, with 2.5 years as
the longest follow-up.?> Importantly, studies with

13335 showed no significant

short-term ~ follow-up
changes in domain-specific cognitive function over time.
Thus, it is possible that, in the literature to date, shorter
follow-up times may have limited the ability to detect
domain-specific changes in cognitive function.

Within a given cognitive domain, different NPT
may vary in their sensitivity to poststroke deficits.”” This
important point was recently addressed in a proposal for
harmonizing standards in the assessment of poststroke
cognitive function, with the goal of defining a minimal
uniform data set in clinical practice and research.”® The
National Institute of Neurological Disorders and
Stroke—Canadian Stroke Network Working Group in
Neuropsychology recommended testing 4 domains
(executive/activation, language, visuospatial, memory),
and operationally defined the skills within each. For
instance, within the executive/activation domain, meas-
ures of processing speed, working memory, set shifting,
and executive control, derived from the administration
of letter and category fluency, Wechsler Adult Intelli-
gence Scale digit symbol, and trail making tasks, were
recommended. Based on this systematic review, we
would argue that the use of domain-specific neuropsy-
chological assessments with extended follow-up times in
future prospective observational work is essential to
characterize the impact of lacunar stroke on cognition.
Consistent with the recommendations of the National
Institute of Neurological Disorders and Stroke—Cana-
dian Stroke Network Working Group,”® our findings
support the use of a comprehensive neuropsychological
protocol in the assessment of cognitive impairment after
lacunar stroke, with evaluation of global cognition in
addition to domain-specific function. The use of a stan-
dardized neuropsychological protocol would be advan-
tageous to improve comparability across studies and
provide consensus for the definition and treatment of
lacunar stroke and, more generally, SVD.

Results of this quantitative systematic review provide
evidence for a cognitive impairment profile after symp-
tomatic lacunar infarct that involves several domains,
including information processing speed, attention/work-
ing memory, executive function, language, memory,
and visuospatial processing. Our findings also indicated
that there is currently no consistent evidence for change
in domain-specific cognitive function over time after
lacunar stroke. However, the variability in measures
and effects in the available literature underscores the
urgent need for guidelines regarding the use of a stan-
dardized neuropsychological protocol after stroke and



the inclusion of cognition as an outcome in clinical trials
to provide greater understanding of the cognitive
domains vulnerable to impairment after lacunar stroke.
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