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Abstract
Intravenous recombinant tissue plasminogen activator (iv-rtPA) has been routinely used to treat ischemic stroke for 25 years,
following large clinical trials. However, there are few prospective studies on the efficacy and safety of this therapy in strokes
attributed to cerebral small vessel disease (SVD). We evaluated functional outcome (modified Rankin scale, mRS) and symp-
tomatic intracerebral hemorrhage (sICH) using all available data on the effects of iv-rtPA in SVD-related ischemic stroke
(defined either using neuroimaging, clinical features, or both). Using fixed-effect and random-effects models, we calculated
the pooled effect estimates with regard to excellent and favorable outcomes (mRS=0–1 and 0–2 respectively, at 3 months), and
the rate of sICH. Twenty-three studies fulfilled the eligibility criteria, 11 of which were comparative, and there were only 3
randomized clinical trials. In adjusted analyses, there was an increased odds of excellent outcome (adjusted OR=1.53,
95% CI: 1.29–1.82, I2: 0%) or favorable outcome (adjusted OR=1.68, 95% CI: 1.31–2.15,I2: 0%) in patients who received
iv-rtPA compared with placebo. Across the six studies which reported it, the incidence of sICHwas higher in the treatment group
(M-H RR= 8.83, 95% CI: 2.76–28.27). The pooled rate of sICH in patients with SVD administered iv-rtPA was only 0.72%
(95% CI: 0.12%–1.64%). We conclude that when ischemic stroke attributed to SVD is considered separately, available data on
the effects of iv-rtPA therapy are insufficient for the highest level of recommendation, but it seems to be safe. Although further
therapeutic trials in SVD-related ischemic stroke appear to be justified, our findings should not prevent its continued use for this
group of patients in clinical practice.
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Background

Intravenous administration of recombinant tissue plasmino-
gen activator (rtPA) has been a standard treatment for acute
ischemic stokes for 25 years, based on the results of large
clinical trials [1–6]. However, these studies recruited patients
regardless of the size and type of the occluded artery, and post

hoc analyses in small vessel occlusion attributed to cerebral
small vessel disease (SVD) have been limited.

The only major published randomized subgroup analyses
on SVD-related strokes are from the Third International
Stroke (IST-3) and The National Institute of Neurological
Disorders and Stroke (NINDS) trials [6, 7]. In the former,
the largest, “lacunar stroke (LS)” was diagnosed in 168
(11.09%) of 1515 IVT-treated patients. Symptomatic intracra-
nial hemorrhage (sICH; defined as “clinically significant de-
terioration or death within the first 7 days of treatment with
evidence of either significant brain parenchymal hemorrhage
or significant hemorrhagic transformation on brain imaging”)
occurred in 4.76% (8/168) of LS-patients, compared with
7.13% (96/1347) in the non-LS-group. The adjusted effect
of treatment on the primary outcome (alive and independent,
Oxford Handicap Score 0, 1, or 2; OHS 0–2 versus 3–6 mea-
sured at 6 months) was 100/168 (59.5%) in IVT-treated pa-
tients versus 103/164 (62.8%) in non-IVT-treated; OR 0.91
(95% CI: 0.48–1.72). In the NINDS cohort, fifty-one
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(16.34%) of IVT-treated patients had SVD stroke with a fa-
vorable functional outcome on the modified Rankin scale in
32 (63.0%). However, no data on the sICH rates in this patient
subgroup have been reported. The ATLANTIS, ECASS, and
ECASS-3 research groups [1, 3, 5] have not reported specific
data concerning the LS/SVD patients. In a post hoc analysis of
the WAKE-UP [8] trial, in patients with LS, a favorable out-
come was observed in 59% (31 of 53) of i.v. rtPA -treated
patients compared with 46% (24 of 52) of those non-
thrombolysed (OR 1.67 [95% CI: 0.77–3.64]). However, the
WAKE-UP trial rtPA administration criteria were different to
those of standard use (i.e. known time of stroke onset, CT as
the primary patient selection neuroimaging tool). Moreover,
the subgroup of patients in WAKE-UP with LS made up only
21.5% of all patients (108 of 503; most patients presented with
mild to moderate deficits), and the trial was not powered to
demonstrate the efficacy of treatment in stroke subgroups [9].

Strokes caused by acute occlusion of small perforating ar-
terioles of the brain have different etiological, pathophysio-
logical, and clinical characteristics to those resulting from oc-
clusion attributed to large-vessel disease (LVD) (Table 1)
[10–13]. For example, in many patients with small vessel
occlusion, brain imaging shows established SVD (e.g., white
matter lesions, multiple chronic lacunar infarctions, or cere-
bral microbleeds, potentially increasing rtPA-related sICH
risk) [14]. We hypothesized that the benefits and harms of
reperfusion therapy with rtPA might be different in patients
with small-vessel occlusion compared with those with large-
vessel occlusion, with implications for optimal stroke man-
agement and future trials.

In this systematic review, we combined all available data
on the effects of rtPA in subgroups of patients with acute

ischemic stroke attributed to small vessel occlusion, including
large clinical trials and other observational studies.

We compared the effects of i.v. rtPA versus placebo on
functional outcome based on the modified Rankin Scale
(mRS) at 90 days from stroke onset as a primary endpoint,
the only available outcome measure in most of these studies.
We did separate meta-analyses for mRS 0–1 (excellent out-
come) and 0–2 (favorable outcome). As a safety measure, we
analyzed the rate of rtPA-related sICH in stroke attributed to
small vessel occlusion across all studies.

Materials and Methods

Search Strategy

This study was conducted per the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) [15].
Two of the authors (BJ and DT) systematically reviewed the
MEDLINE (PubMed) and Scopus bibliographic databases for
the appropriate articles that were published before the end of
May 2019. The following search strategy was applied:
(“lacunar”[Title/Abstract] OR “small vessel”[Title/Abstract]
OR “small artery”[Title/Abstract] OR “minor stroke”[Title/
Abstract]) AND (“thrombolysis”[Title] OR “rtPA”[Title]
OR “ac t i lyse” [T i t l e ] OR “a l t ep lase” [T i t l e ] OR
“fibrinolysis”[Title]) for MEDLINE, and similar for Scopus
(Supplemental Fig. 1).

Inclusion and Exclusion Criteria

All papers were examined independently with regard to the
inclusion and exclusion criteria by 2 authors (BJ and DT),
according to the PICOS structure (participants, intervention,
comparison, outcome, and study design) [15]. The investiga-
tors selected papers that met each of the following criteria:

1. Studies recording the effects of i.v. rtPA in adult patients
with SVD-associated acute ischemic stroke defined using
clinical or radiological criteria (or both) in observational
studies and controlled trials, regardless of design.

2. Sub-classification of acute ischemic stroke including
small vessel occlusion (lacunar), as per the Trial of Org
10,172 in Acute Stroke Treatment (TOAST) or
Oxfordshire Community Stroke Project (OCSP).

3. Functional outcome assessed using the modified Rankin
Scale (mRS) [16] at 3 months and/or safety measured by
the rate symptomatic intracerebral hemorrhage (sICH).

The investigators screened all reference lists to identify
other relevant studies. Disagreements between reviewers were
resolved by mutual consensus with final adjudication when
required by the senior author (BK).

Table 1 Specific features of strokes caused by the occlusion of small
vessels

- Affects single, long, and mostly unbranched small deep perforating or
lenticulostriate arteries or arterioles, usually about 100 to 400 μm in
diameter

- Strokes are attributable to small infarcts <1.5 cm in diameter, usually in
the basal ganglia, internal capsule, thalamus, corona radiata, or
brainstem

- Differing histological structure of the wall of occluded vessels
(capillaries are characterized by a single layer of highly specialized
endothelial cells with extensive tight junctions (no fenestrations) and
pericytes on the basal lamina, without smooth muscle; parenchymal
arterioles, unlike pial arteries and arterioles, are in direct contact with
astrocytes and neuronal tissue)

- Disparate specific paracrine function of endothelial cells of small
vessels, including the regulation of the production and release of tPA

- Different underlying mechanisms of ischaemia (including reduced
arterial flow from a pathological process related to blood brain barrier
disruption, endothelial dysfunction, etc. rather than in situ thrombosis
or thrombo-embolism from extracranial arteries or the heart)
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We excluded case studies, reviews, meta-analyses, edito-
rials, letters to the editor, commentaries, abstracts from con-
ference proceedings, and papers not published in English.

Outcomes

We defined functional outcome as (1) excellent, defined as
mRS from 0 to 1 at 3 months. and (2) favorable, defined as
an mRS of ≤ 2 at 3 months. For these outcomes, we included
only controlled clinical trials. We assessed symptomatic intra-
cerebral hemorrhage (sICH) using a standardized definition
(NINDS tPA trials, the European-Australian Cooperative
Acute Stroke Study 2 (ECASS2), or a modified version of
the Safe Implementation of Thrombolysis in Stroke
Monitoring Study (mSITS-MOST)), extracted from both ran-
domized controlled and observational studies (the latter in-
cluding comparative: rtPA vs placebo but not randomized,
and non-comparative, i.e., with no placebo).

Sensitivity Analysis

We did not have data as to whether patients in the studies in
our meta-analysis were simultaneously registered into the
SITS-MOST database. To reduce bias, we performed a sensi-
tivity analysis excluding SITS-MOST data reported by
Matusevicius et al.

Risk of Bias Assessment

The Cochrane Risk of Bias tool [17] was used to evaluate the
recruited studies (randomized controlled trials). The criteria
covered the following items: selection bias (random genera-
tion sequence and allocation concealment), performance bias
(blinding of participants and personnel), detection bias
(blinding of outcome assessment), attribution bias (incomplete
outcome data), and reporting bias (selective reporting). Each
item was classified as low, unclear, or high risk of bias.

The Newcastle-Ottawa Scale (NOS) tool [18] was applied
to explore the potential sources of bias amongst the included
observational comparative studies. The approach based on
NOS consists of 9 items divided into three areas: the selection
of studies, the comparability of studies, and the assessment of
exposure/outcome. Each study might be assessed on up to
nine points. A score of 6 or more is considered to indicate
the satisfactory quality of the study. The assessment was per-
formed independently by three reviewers (AW, DT, and BJ),
and any discrepancies were resolved in a group investigator
discussion.

Statistical Analysis

We applied the DerSimonian and Laird random-effects model
to estimate the risk ratios (RRs) for excellent and favorable

functional outcomes for the unadjusted analysis. We used the
fixed-effect model to estimate adjusted odds ratios (aORs)
based onmultivariable logistic regression data for the adjusted
analysis.

We performed this dual approach analysis (non-adjusted/
adjusted) due to important limitations of each, combined with
data availability (trials, observational studies). The former
(non-adjusted) ignores any clinical differences (baseline risk
factors) between the examined populations other than the
acute stroke although it was applied in majority of other pa-
pers including the work of Matusevicius et al. The adjusted
analysis suffers from the high heterogeneity of the original
studies, especially those non-randomized, including different
baseline risk factor characteristics, and consists of only a few
randomized placebo-controlled trials and three comparative
observational studies. Furthermore, importantly, the adjusted
odds ratios showed in primary studies overestimated the pos-
itive effect [19].

In the comparative studies where sICH events were rare or
absent, we used the Mantel-Haenszel risk ratio (M-H RR)
under the fixed-effect model. The incidence of sICH for non-
comparative studies was expressed as a percentage, and the
results were calculated using the random-effects model by
applying Freeman-Tukey double arcsine transformation. The
I2 statistic was used to evaluate heterogeneity across the stud-
ies for all meta-analyses. The effect size estimates were report-
ed using 95% confidence intervals (CIs). The possibility of
publication bias was assessed by visual analysis of funnel plot.
All statistical analyses were conducted using the “meta” pack-
age in R (version 3.6.1).

Results

Our literature search identified 229 records from the
MEDLINE and Scopus databases. Forty-two articles
underwent a full-text evaluation, 19 of which were excluded,
leaving altogether 23 studies in this systematic review [6–8,
20–39]. The selection process is reported in a PRISMA flow-
chart (Supplemental Fig. 1). We identified 3 RCTs and 8
comparative non-randomized trials; the remaining studies
were observational and noncomparative (Tables 2 and 3).
SVD/LS and sICH definitions used in each of the selected
studies are listed in Supplemental Table 1.

Risk of Bias Assessment

Retrospective reports accounted for 18/23 (78%) of all select-
ed studies. The methodological quality of the randomized
controlled trials is presented in Supplemental Table 2. There
is low level of bias within the following items: selection bias,
detection bias, and reporting bias. The high risk of bias in the
blinding of participants and personnel section was found in
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one study, whereas another one had incomplete outcome data.
Results of the investigation towards risks of bias across the
observational studies are demonstrated in Supplemental
Table 3 revealing no major problems.

Although there is no evident publication bias in the visual
analysis of the funnel plots of the pooled unadjusted estimates
(favorable outcome, excellent outcome, incidence of sICH in
rtPA vs control patients; Supplemental Fig. 2a-c), too small
number of points/studies excludes any robust assessment. The
only potential publication bias might have been caused by
high variation between results of larger studies in the analysis
of the pooled unadjusted estimate for sICH in thrombolyzed
patients (Supplemental Fig. 2d).

Outcomes

In the analysis of unadjusted effect, there was no significant
association between tPA (compared to placebo) and excellent
functional outcome (RR = 1.05, 95% CI: 0.93–1.18, I2: 74%;
Supplemental Fig. 3) or favorable functional outcome (RR =
1.06, 95% CI: 0.97–1.15, I2: 81%; Supplemental Fig. 4) in
patients with SVD-associated ischemic stroke. However, the
adjusted analysis showed an association of rtPA with both
excellent and favorable functional outcomes was positive

(adjusted odds ratio aOR = 1.53, 95% CI: 1.29–1.82, I2: 0%;
Fig. 1 and aOR = 1.68, 95% CI: 1.31–2.15, I2: 0%; Fig. 2,
respectively). Only four comparative studies (36.4%) reported
the analysis of excellent and favorable outcomes after adjust-
ment for covariates. For three observational and comparative
studies adjustment included basic demographic risk factors
(age, sex) and NIHSS at baseline. Further information about
adjustment for covariates is presented in Supplemental
Table 4.

The incidence of sICH was significantly higher in
thrombolyzed patients (compared with placebo; M-H RR =
8.83, 95% CI: 2.76–28.27, I2: 0%; Fig. 3; Table 2). The
pooled estimate of the rate of sICH in patients who were
treated with alteplase was 0.72% (95% CI: 0.12%–1.64%,
I2: 60%; Fig. 4; Table 3); this is much lower than the rate
observed in major and inclusive stroke thrombolysis trials
(18/940 versus 2/3423 events in thrombolyzed or non-
thrombolyzed, respectively).

Sensitivity Analysis

We obtained similar findings in sensitivity analyses excluding
a recent SITS-MOST publication (in the case of possible data
duplication). The overall effects of both excellent and

Table 3 Table characteristics of non-comparative observational (no placebo) studies

Reference Study
period

Study design Number of rtPA
patients with LACI

Stroke
classification

Median
NIHSS
improvement#

% of
mRS
0-1

% of
mRS
0–2

% of
sICH

% of
mortality

Chang et al. [28] 2007–2010 Observational; retrospective;
single-center

39 TOAST 1.6$ – – 4 –

Sung et al. [29] 2003–2012 Observational; retrospective;
single-center

22 OCSP – – 81.8 4.5 0

Lee et al. [30] 1999–2008 Observational; retrospective;
single-center

23 OCSP – – – 0 –

Fluri et al. [31] −2007 Observational; retrospective;
multicenter

65 TOAST – – 75.4 4.6 1.5

Kohrmann et al.
[32]

2006–2008 Observational; retrospective;
single-center

12 TOAST – – – 0 –

Padma et al. [33] 2002–2006 Observational; prospective;
single-center

22 TOAST – – – 0 –

Cocho et al. [34] 1997–2004 Observational; retrospective;
single-center

11 OCSP – 27.2 54.5 0 0

Miedema et al. [35] 2002–2013 Observational; retrospective;
multicenter

162 OCSP – – 78 1.9 –

Simonsen et al.
[36]

2004–2010 Observational; retrospective;
single-center

115 TOAST – – – 0 –

Pan et al. [37] 2007–2014 Observational; retrospective;
multicenter

82 TOAST – – – 1.2 0

Zivanovic et al.
[38]

2009–2016 Observational; prospective;
single-center

46 OCSP – 76.1 82.6 0 2.2

Kim et al. [39] 2010–2016 Observational; retrospective;
single-center

25 TOAST – 52 – 0 –

rtPA: recombinant tissue plasminogen activator: mRS: modified Rankin Scale; sICH: symptomatic intracerebral hemorrhage; LACI: lacunar infarct;
TOAST: The Trial of Org 10,172 in Acute Stroke Treatment; OCSP: The Oxfordshire Community Stroke Project; #:Δinitial-discharge; $: mean difference
in discharge NIHSS
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favorable functional outcomes in the unadjustedmeta-analysis
that excluded SITS-MOST registry were insignificant (RR =
1.06, 95% CI: 0.90–1.26, I2: 77%; Supplemental Fig. 5, RR =
1.07, 95% CI: 0.93–1.22, I2: 84%; Supplemental Fig. 6, re-
spectively), whereas the adjusted pooled effect for the excel-
lent outcome was significant (aOR = 1.64, 95% CI: 1.19–
2.28, I2: 0%; Supplemental Fig. 7). The pooled estimate of
the rate of sICH in patients who were treated with alteplase
excluding those from SITS-MOST registry was 0.82% (95%
CI: 0.28%–1.53%, I2: 10%; Supplemental Fig. 8).

Discussion

Treatment of ischemic strokes that are caused by the occlusion of
small vessels with rtPA up to 3–4.5 h from the initial symptoms
is included in most national stroke therapeutic guidelines as a
strong recommendation. This recommendation is based on large
randomized studies that have tested the efficacy of alteplase in
acute cerebral ischemia of any subtype with an assumption that
the effects of the treatment of all of these stroke subtypes are
similar (or with limited post hoc subgroup analyses).

Cerebral SVD is associated with pathologies in perforating
cerebral arterioles, capillaries, and venules, with characteristic
although not specific imaging findings such as white matter
hyperintensities, lacunes, microbleeds, visible perivascular
spaces, atrophy, and lacunar strokes (STRIVE, STandards for

Reporting and Imaging of Small Vessel Disease [40]). SVD is
responsible for up to 45% of dementias and about 20% of all
acute strokes [41]. By contrast, large-vessel disease (LVD) ac-
counts for approximately 20–30% of all ischemic strokes and
refers to various arterial pathologies including extracranial or
intracranial atherosclerosis. Unfortunately, there is little empirical
information on the effects of rtPA in SVD versus in LVD ische-
mic strokes. In the NINDS cohort, fifty-one (16.34%) of IVT-
treated patients had SVD stroke, with a favorable functional out-
come (mRS) in 63.0% of patients, compared with 40.0% in large
artery atherosclerosis (LAA). SVD stroke patients had also a
better functional outcome prognosis versus LAA according to
Helsinki Thrombolysis Stroke Registry [42] (excellent outcome
in 57 vs 31%, with sICH (ECASS criteria) in 0.0 vs 7.4%).

Our findings in an unadjusted meta-analysis of the available
data did not show benefit from tPA in SVD-associated acute
ischemic stroke; thus, the assumption that small vessel occlusions
behave in the same way as other stroke subtypes might not be
correct. That strokes due to small vessel occlusion might have a
different response to tPA is plausible because of the fundamental
differences in the underlying disease processes causing large-
and small-vessel occlusions (Table 1). On the other hand, adjust-
ed analysis revealed that SVD/LS patients who received i.v. rtPA
might have an increase in the odds of a better outcome than those
receiving placebo or no thrombolytic treatment. There are no
dedicated randomized trial data on the effects of rtPA in SVD-
related ischemic stroke. Thus, on the basis that ischemic stroke

Fig. 2 The adjusted overall odds ratio for favorable functional outcome

Fig. 1 The adjusted pooled odds ratio for excellent functional outcome
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related to small vessel occlusion (SVD ischemic stroke) is con-
sidered as a distinct stroke subtype, we suggest that current data
are insufficient to recommend iv-rtPA treatment based on Level
1 or Level 2 evidence; rather, it instead fulfills Level 3 criteria of
Oxford Centre for Evidence-Based Medicine within the
“Treatment Benefits” assessment (outcome of adjusted or unad-
justed analysis respectively) [43]. In designing this study, it was
also important for us to be mindful of the potential risks of sICH

because the expected outcome of SVD-associated ischemic
stroke is favorable in as many as 66–79% [44, 45] without spe-
cific medical care. Our review of observational studies suggested
that the rate of symptomatic ICH is higher in those who are
treated with rtPA than those who are not. However, the absolute
rate of sICH, although higher than in those not treated, is still low
(pooled estimate 0.72%), much lower than the rate of 3–6%
observed in the large inclusive stroke thrombolysis trials. This

Fig. 4 The pooled rate of sICH in
trombolysed patients

Fig. 3 The incidence of sICH expressed as the Mantel-Haenszel risk ratio
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all supports the continued use of tPA in SVD-associated ische-
mic stroke because—although the data only fulfill criteria for
lower evidence strength and recommendation for use—it seems
to be reasonably safe. Similar considerations were the major
issue of the PRISMS [46] trial—although it concerned minor
acute ischemic strokes with deficits scored as 0–5 on the
NIHSS and judged as not disabling, of which as many as 32%
met the criteria to be SVD strokes. The PRISMS group, howev-
er, did not report mRS results for the extracted SVD-associated
stroke subpopulation.

The mRS sensitivity in distinguishing minor functional
improvements and deterioration, including those related to
key non-motor domains, is low, which must be taken into
account specifically when analysing outcomes of strokes
attributed to SVD, and thus in interpreting results of this
meta-analysis [47, 48]. Furthermore, a major limitation of
the adjusted analysis is associated with substantial differ-
ences in selected confounders between the studies. These
discrepancies in selection and accounting for risk factors
might have obviously caused overestimation or underesti-
mation of the outcome effect due to the non-collapsibility
of the odds ratio [49].

Shortly before we finished working on this meta-analysis,
Matusevicius et al. published a report with partially similar aims.
There are however many differences in the design, contents, and
composition between these two works. Most importantly, unlike
Matusevicius et al., we included only comparative studies (rtPA
treated SVD / LS patients versus those not treated or placebo-
treated), and did not compare effects of rtPA between SVD/LS
versus non-SVD/LS stroke patients. Instead, we compared the
therapeutic effects for rtPA versus no or placebo treatment sep-
arately for favorable and excellent outcomes (mRS 0–2 and 0–1
respectively) and furthermore calculated the risks of rtPA-
associated sICH in SVD stroke patients and expanded the
rtPA—placebo efficiency comparison by an adjusted meta-
analysis [8, 20, 24, 26]. Finally, it is worth noting that our work
was designed and strictly based on the PRISMA protocol [15].

In conclusion, if treated as a separate disorder, the current
empiric data on the effects of i.v. rtPA in SVD-related ischae-
mic stroke are insufficient to provide high-level evidence-
based recommendations. Further sub-analysis of past throm-
bolysis trials is unlikely to resolve this issue, mainly because
of limitations in their design, including outcome measures that
might be insensitive to the consequences of small vessel oc-
clusions, and the need for post hoc analyses. Moreover, in the
acute clinical setting, the diagnosis of whether the stroke is of
SVD origin is not always straightforward. In the OCSP clas-
sification (The Oxfordshire Community Stroke Project classi-
fication) patient cohort, the sensitivity and specificity of LS
diagnosis were 70 and 93%, respectively [50].

Although our findings do not suggest any change in current
rtPA protocols for SVD-associated ischemic stroke, we iden-
tified a lack of high-quality evidence in this stroke subgroup.

We suggest that prospective, randomized controlled trials of
thrombolysis or other novel interventions specifically
targeting acute small vessel occlusion are needed to provide
high-level evidence of treatment efficacy. We suggest that for
acute patient recruitment, such studies might need to imple-
ment clinical and radiological criteria (using diffusion-
weighted MRI) to diagnose lacunar stroke rather than acute
non-contrast CT neuroimaging, because of the limited sensi-
tivity of the latter in the acute phase.
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