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Introduction: Usefulness of intravenous thrombolysis in patients with acute lacunar
cerebral infarction is questionable. The aim of this study was to evaluate the efficacy
and safety of intravenous thrombolysis in patients with lacunar infarction in com-
parison with patients with nonlacunar infarction as well as with patients with lacu-
nar infarction who were not treated with intravenous thrombolysis. Materials and
methods: In the first part of the study, among patients with acute ischemic stroke
treated with intravenous thrombolysis, characteristics and outcomes of 46 patients
with lacunar and 221 patients with nonlacunar infarction were compared. In the
second part, 46 patients with lacunar infarction treated with intravenous thrombol-
ysis were compared with 45 lacunar infarction patients who were not treated with
intravenous thrombolysis. Results: Patients with lacunar infarction had a lower
National Institutes of Health Stroke Scale score (9.2 versus 13.9, P < .001), a greater
Alberta Stroke Program Early computed tomography (CT) score (9.7 versus 9.2,
P = .002), a lower prevalence of atrial fibrillation (6.5% versus 41.2%, P < .001), and
significantly more frequently an excellent outcome after 3 months (76.1% versus
36.2%, P < .001) compared with patients with nonlacunar infarction. Among
patients with lacunar infarction, an excellent outcome at discharge was significantly
more frequent in the intravenous thrombolysis group (41.3% versus 15.6%, P = .01),
and the length of hospitalization was significantly shorter (9.5 days versus
14.3 days, P = .002). There was no hemorrhagic transformation among patients with
lacunar infarction treated with intravenous thrombolysis. Conclusion: Intravenous
thrombolysis has proven to be effective and safe in patients with lacunar infarction
and should always be applied if there are no absolute contraindications.
KeyWords: Acute ischemic stroke—lacunar infarction—intravenous thrombolysis—
outcome—complications
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Introduction

In the previous several years, the expert’s discussions in
the field of the treatment of acute ischemic stroke (AIS) is
mainly about mechanical thrombectomy in patients with
a large vessel occlusion. Moreover, serious expert debates
were conducted as to whether the intravenous thromboly-
sis (IVT) is “dead.” In the shadow of this, the dilemmas
about the treatment of acute lacunar infarction have some-
how remained neglected. Lacunar cerebral infarction
(LACI) accounts for about 25% of all AIS.1 These are small
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infarctions (3-15 mm), which occur due to small vessel dis-
ease.2,3 Most patients have a good recovery, which is why
LACI are considered benign vascular lesion. However, the
long-term prognosis is unfavorable, with an increased risk of
recurrent stroke, other cardiovascular events, death, as well
as of developing cognitive decline and dementia.4 A key step
in the treatment of all types of AIS continues to be the intra-
venous administration of the recombinant tissue plasmino-
gen activator.5 The effectiveness of the treatment depends
mainly on the rate and grade of recanalization of the previ-
ously occluded blood vessel.6 However, in some patients
with AIS, such as patients with LACI, standard radiological
methods (computed tomography or magnetic resonance
angiography) cannot prove vascular occlusion and the pres-
ence of thrombus at the time of the onset of symptoms. In
the absence of a substrate which thrombolytic therapy may
potentially affect, there is the question of the efficacy of the
treatment in patients with LACI.7 On the other hand, IVT
can potentially be harmful, and since most patients with
LACI have a mild clinical picture and a good recovery, also
the question about safety of this therapy is raised.8 The final
dilemma is related to the economic justification of giving this
still expensive treatment for developing countries to patients
with a small neurological deficit, who generally recover well
and fully.7

The aim of this paper was to assess effectiveness and
safety of IVT in patients with LACI, by comparing them
with patients treated with IVT for nonlacunar infarction
(non-LACI) and with patients with LACI who were not
treated with IVT.
Materials and Methods

The research was conducted as an observational study
of patients who were treated for AIS in the Clinical Center
(CC) of Vojvodina in Novi Sad in the period from January
2009 to December 2016 and whose data were collected
prospectively. In the first part of the study, 267 AIS
patients who were treated with IVT in the CC Vojvodina
in the mentioned period were included, and their data
were collected within the national Serbian Experience
with Thrombolysis in Ischemic Stroke registry.9 In the sec-
ond part of the study, additional 45 consecutive patients
with LACI who were hospitalized during 2016, but were
not treated with IVT, were included. All patients were
treated according to the guideline’s recommendations for
the treatment of AIS.5 Patients with incomplete data or
those with unavailable data about outcome at 3 months
were not included. The study was approved by the Ethics
Committee of the CC Vojvodina.
On admission, all patients were examined by a neurol-

ogy specialist. Data on risk factors (arterial hypertension,
diabetes, hypercholesterolemia, atrial fibrillation, smok-
ing, and chronic cardiomyopathy) and prior use of anti-
platelet therapy and/or statins were obtained from
medical history. Clinical severity of stroke was assessed
by neurological examination on admission and the use of
National Institutes of Health Stroke Scale (NIHSS). Based
on the findings of the initial head CT, the Alberta Stroke
Program Early CT (ASPECT) score,10 the hyperdense mid-
dle cerebral artery sign and the presence of leukoaraiosis
were determined. In patients treated with IVT, the onset
to treatment time was recorded. Laboratory blood analy-
sis was performed on admission and/or within the first
24 hours after admission to hospital treatment. After
24 hours of intravenous thrombolytic therapy, the severity
of neurological symptomatology was again evaluated
using the NIHSS scale. Early neurological improvement
was defined as a NIHSS score of 0-3 or a reduction in a
NIHSS score by 40% in relation to the admission score
after 24 hours.11 Repeat head CT was performed in the
period from 24 to 48 hours after admission. Based on the
findings, the type of brain infarction was determined
according to recommendations of the OCSP classifica-
tion,12 and the occurrence of hemorrhagic transformation
(HT) or intracerebral hemorrhage (ICH) was registered.
Symptomatic ICH was defined according to the European
Cooperative Acute Stroke Study III criteria.13 At dis-
charge, the duration of hospitalization, the NIHSS score,
and the degree of functional disability were recorded, and
functional disability was determined on the basis of the
modified Rankin scale (mRS). Treatment outcome was
evaluated at 3 months using the mRS. An excellent func-
tional outcome was defined as mRS 0-1 (representing the
absence of a deficit or minimum disability), a good func-
tional outcome as mRS 0-2 (representing functional inde-
pendence), while mRS 6 represented lethal outcome.
In the first part of the study, patients treated with IVT

were analyzed. Patients were divided into 2 groups: a
group of patients with LACI and a group of patients with
non-LACI. Demographic, clinical and radiological charac-
teristics, outcome at 3 months, and occurrence of compli-
cations were compared between the 2 groups of patients.
Then, binary logistic regression was employed to analyze
the effect of the type of brain infarction on the outcome
after IVT. The statistical models included: demographic
characteristics (age and sex) of patients, risk factors
(hypertension, diabetes, hypercholesterolemia, smoking,
and atrial fibrillation), clinical characteristics (NIHSS score
and glycaemia), radiological characteristics (ASPECT and
leukoaraiosis) on admission, the onset to treatment time,
and the type of ischemic stroke (IS) (LACI and non-
LACI).
In the second part of the study, the group of patients

with LACI treated with IVT (LACI IVT) was compared
with another group of patients with LACI who were not
treated with IVT (LACI no-IVT). In this part of the study,
comparison was performed with regard to demographic
and clinical characteristics, occurrence of complications,
the outcome at discharge, and the length of hospitaliza-
tion. Finally, the binary logistic regression was used to
analyze the effect of IVT in these patients on the outcome
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(mRS 0-1). The statistical model included: demographic
characteristics of patients (age and sex), risk factors
(hypertension, diabetes, smoking, and atrial fibrillation),
clinical (NIHSS score and glycaemia) and radiological
characteristics (leukoaraiosis) on admission, and the
application of IVT.
Statistical data analysis included methods of descriptive

statistics. To describe the distributions of measurement
variables, the arithmetic mean and standard deviation
were used, while the distributions of nominal (categorical)
variables were described using tables of frequency. To
determine the difference in the arithmetic means between
the 2 groups, the t test was used, while the difference in
the distributions of the 2 groups with nominal variables
was determined using the Pearson's chi-square (x2) test
and the Fisher’s exact test.
Test values with probability of P < .05 were considered

statistically significant, while P < .001 was considered sta-
tistically highly significant. The binary logistic regression
was used to determine the association between the set of
predictors and the outcome as the defined criterion, and
the obtained results were presented as odds ratio (OR)
with 95% confidence interval (CI) and P value. Statistical
data processing was done using the statistical software
Statistical Package for the Social Sciences, version 23.

Results

In the period from 2009 to 2016, a total of 8109 patients
were treated at the CC Vojvodina due to AIS, of whom
1706 were with LACI (21.04%). Only 3.4% (274 patients)
of them were treated with IVT.

Evaluation of Efficacy and Safety of IVT in LACI Patients
Compared with Non-LACI Patients

In the first part of the study, out of a total of 274 patients
with AIS treated with IVT, 267 were included (7 patients
were excluded due to incomplete data). The patients were
divided into 2 groups: a group with LACI (n = 46) and a
group of patients with non-LACI (n = 221). Differences in
demographic, clinical and radiological characteristics are
shown in Table 1. Among the risk factors, diabetes was
significantly more prevalent in the LACI group (32.6%
versus 17.2%, P = .03), while atrial fibrillation was signifi-
cantly more frequent in the non-LACI group (6.5% versus
41.2%, P < .001). Patients with LACI had significantly
milder neurological deficit on admission (admission
NIHSS 9.2 § 2.7 versus 13.9 § 4.7, P < .001) and a higher
ASPECT score (9.7 § .7 versus 9.2 § 1.2, P = .002). The
outcome and occurrence of complications in patients are
shown in Table 2. Neurological improvement after
24 hours was recorded in 58.7% of patients with LACI
versus 35.7% of non-LACI patients. There were no cases
of HT in the LACI group, while lethal outcome (mRS 6)
within the 3-month follow-up period was observed in
only 1 patient with LACI (2.2%).
Predictors of neurological improvement 24 hours after
IVT administration were a lower NIHSS score on admis-
sion (P = .04, OR = .88, 95% CI = .83-.93), a higher ASPECT
score (P = .01, OR = 1.43, 95% CI = 1.08-1.90), and the
absence of leukoaraiosis on CT (P = .04, OR = .43, 95% CI
.20-.96), but not the lacunar type of infarction (P = .41).
The observed predictors of favorable outcome (mRS 0-2)
at 3 months were a younger age (P < .001, OR = .94, 95%
CI = .91-.97), a lower NIHSS score on admission (P < .001,
OR = .77, 95% CI = .72-.83), and lower glucose levels on
admission (P < .001, OR = .85, 95% CI = .79-.93), but not
the LACI (P = .11). Predictors of HT were a higher NIHSS
score on admission (P = .03, OR = 1.10, 95% CI = 1.01-
1.19) and the presence of atrial fibrillation (P = .02, OR =
2.34, 95% CI = 1.16-4.71).

Evaluation of Efficacy and Safety of IVT in LACI Patients
in Comparison with LACI Patients not Treated with IVT

In the second part of the study, a group of LACI
patients treated with IVT (LACI IVT, n = 46) were com-
pared with a group of LACI patients who were not
treated with IVT (LACI no-IVT, n = 45). Demographic,
clinical and radiological characteristics of patients are
shown in Table 3. Patients treated with IVT more fre-
quently had a more severe neurological deficit on admis-
sion (NIHSS 9.2 § 2.7 versus 5.8 § 2.9, P < .001), while
leukoaraiosis was more prevalent in the LACI no-IVT
group (19.6% versus 40.0%, P = .04). The differences in the
outcome at discharge between LACI IVT and LACI no-
IVT are shown in Table 4. An excellent outcome at dis-
charge (mRS 0-1) was recorded in 41.3% of patients
treated with IVT and in 15.6% of patients not treated with
IVT (P = .01). The length of hospitalization was shorter in
patients treated with IVT (9.5 days versus 14.3 days, P =
.002).
Predictors of an excellent outcome were the absence of

leukoaraiosis (P = .01, OR .07, 95% CI 0.01-0.54), the
absence of diabetes as a risk factor (P = .02, OR = .23, 95%
CI= 0.06-0.82), and administration of IVT (P = .03, OR =
3.47, 95% CI = 1.15-10.44).

Discussion

The results of the first part of our study showed that
patients with LACI had significantly more frequently a
favorable outcome after IVT, compared with patients
with non-LACI, and that there were no hemorrhagic com-
plications among them. In the second part of our results,
it was shown that patients with LACI had a better out-
come if they were treated with IVT than if they were not.
The efficacy of IVT in AIS has been clearly proven and it

has been demonstrated that all subtypes of stroke benefit
from thrombolysis, including LACI.14 However, several
studies examined differences in outcomes after IVT in
relation to subtype of AIS.15-18 The studies showed that
patients with LACI more frequently had a favorable



Table 1. Differences in baseline characteristics between LACI and non-LACI patients

LACI (n = 46) Non-LACI (n = 221) P

Demographic characteristics

Age (years) 63.2 § 10.3 66.0 § 11.0 .11

Sex (male) 34 (73.9%) 147 (66.5%) .39

Risk factors

Arterial hypertension 43 (93.5%) 195 (88.2%) .44

Diabetes 15 (32.6%) 38 (17.2%) .03

Hypercholesterolemia 28 (60.9%) 114 (51.6%) .26

Atrial fibrillation 3 (6.5%) 91 (41.2%) <.001

Smoking 21 (45.7%) 66 (29.9%) .06

Chronic cardiomyopathy 3 (6.5%) 36 (16.3%) .11

Current stroke

NIHSS score on admission 9.2 § 2.7 13.9 § 4.7 <.001

Glycemia on admission (mmol/l) 8.5 § 4.1 8.1 § 3.4 .53

MAP on admission (mmHg) 112.2 § 14.0 110.0 § 21.6 .50

ASPECT score 9.7 § 0.7 9.2 § 1.2 .002

Leukoaraiosis 9 (19.6%) 32 (14.5%) .37

Other clinical characteristics

OTT (min.) 186.4 § 47.2 162.4 § 59.5 .01

Prior use of antiplatelet therapy 13 (28.3%) 78 (35.3%) .40

Prior use of statins 4 (8.7%) 21 (9.5%) 1.00

Abbreviations: ASPECT, Alberta Stroke Program Early CT; LACI, lacunar stroke; MAP, mean arterial pressure; NIHSS, National Insti-

tutes of Health Stroke Scale; OTT, onset to treatment time.
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outcome and less frequently hemorrhagic complications
or lethal outcome at 3 months, compared to other stroke
subtypes.15-19 However after correction for other factors
(age, sex, and NIHSS score on admission), this association
with a favorable outcome in some studies was not signifi-
cant.17,19 In our study, it was shown that patients with
LACI more frequently had both a better neurological
recovery after 24 hours and a better outcome at 3 months
compared to patients with non-LACI. This finding is not
surprising having in mind the definition of this stroke
subtype. However, LACI did not prove to be an indepen-
dent predictor of a favorable outcome. The stronger pre-
dictors of a good outcome were a lower NIHSS score and
a higher ASPECT score on admission. These results
should not be confusing because the patients with the
LACI stroke subtype have the ASPECT score 10 and
mainly a mild neurological deficit, i.e., a low NIHSS score.
Table 2. Differences in outcomes betw

LACI (n = 46)

Favorable outcome

Neurological improvement after 24 h 27 (58.7%)

Good outcome (mRS 0-2) 38 (82.6%)

Excellent outcome (mRS 0-1) 35 (76.1%)

mRS 1.2 § 1.4

Complications

Hemorrhagic transformation 0 (0.0%)

sICH 0 (0.0%)

Lethal outcome (mRS 6) 1 (2.2%)

Abbreviations: LACI, lacunar stroke; mRS, modified Rankin scale; sIC
It was also expected that LACI patients would have a bet-
ter outcome compared to patients with non-LACI, given
the size of the threatening brain infarction, i.e., the size of
potentially occluded blood vessel.2,4 These are the real
causes of the results of generally better outcomes in LACI
patients compared with non-LACI patients, and not a bet-
ter efficacy of IVT in these patients.2

A more reliable estimate of IVT efficacy in patients with
LACI can be obtained by comparison with patients with
this subtype of brain infarction who were not treated
with IVT. In the second part of our study, it was shown
that patients with LACI had a better outcome if they were
treated with IVT and that administration of IVT in
patients with LACI increased the odds that a patient
would have no or minimal neurological deficit at dis-
charge (mRS 0-1) for approximately 3.5 times (OR = 3.47,
P = .03).
een LACI and non-LACI patients

Non-LACI (n = 221) P

79 (35.7%) .005

106 (48.0%) <.001

80 (36.2%) <.001

2.8 § 2.1 <.001

44 (19.9%) <.001

10 (3.7%) .22

43 (19.5%) .002

H, symptomatic intracerebral hemorrhage.



Table 3. Differences in baseline characteristics between LACI and non-LACI patients

LACI (n = 46) LACI no-IVT (n = 45) P

Demographic characteristics

Age (years) 63.2 § 10.3 65.3 § 9.5 .30

Sex (male) 34 (73.9%) 24 (53.3%) .05

Risk factors

Arterial hypertension 43 (93.5%) 32 (71.1%) 01

Diabetes 15 (32.6%) 15 (33.3%) 1.00

Hypercholesterolemia 28 (60.9%) 9 (20.0%) <.001

Atrial fibrillation 3 (6.5%) 1 (2.2%) <.001

Smoking 21 (45.7%) 16 (35.6%) .39

Current stroke

NIHSS score on admission 9.2 § 2.7 5.8 § 2.9 <.001

Glycemia on admission (mmol/l) 8.5 § 4.1 7.6 § 2.8 .24

Leukoaraiosis 9 (19.6%) 18 (40.0%) .04

Other clinical characteristics

Prior use of antiplatelet therapy 13 (28.3%) 78 (35.3%) .40

Prior use of statins 4 (11.1%) 9 (20.0%) .37

Abbreviations: LACI, lacunar stroke; NIHSS, National Institutes of Health Stroke Scale.
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Several similar studies also showed that patients with
LACI had a better outcome if they received IVT than if they
were not.18,20,21 According to the results of the Canadian
Stroke Network Registry,18 the application of IVT was asso-
ciated with an improved outcome in LACI patients and
increased the odds of a favorable outcome (mRS 0-2) at dis-
charge for about 25% (risk ratio = 1.25; 95% CI = 1.08-1.44).
In a study by Austrian Stroke Unit Registry Collaborators,20

it was demonstrated that among patients with LACI, those
who were treated with IVT had a more significant neurolog-
ical improvement than those who were not (improvement
of NIHSS score by 3 points versus 2 in non�IVT-treated
patients, P < .001), and that LACI patients treated with IVT
significantly more frequently showed functional indepen-
dence (mRS 0-1) at 3 months. Lahoti et al in their study21

reported that patients with LACI significantly more fre-
quently did not have any neurological deficit at discharge if
they were treated with IVT (37% versus 15%, P= .01) and
that application of IVT in LACI patients increased the
chance of full recovery for approximately 8 times (OR =
8.25, 95% CI = 2.37-28.66, P � .001). The results of the men-
tioned studies, as well as our results, suggest that IVT is
effective in patients with LACI. Moreover, our results also
showed that hospitalization in patients with LACI was
Table 4. Differences in outcomes betw

LACI IVT

Outcome

NIHSS score at discharge 3.4 § 3.3

mRS at discharge 2.0 § 1.5

Excellent outcome at discharge (mRS 0-1) 19 (41.3%)

Length of hospitalization (days) 9.5 § 5.8

Discharged at home 23 (50.0%)

Abbreviations: LACI, lacunar stroke; mRS, modified Rankin scale; NIH
significantly shorter if they were treated with IVT, which
justifies the cost-benefit ratio of this treatment.
Bearing in mind that most patients with LACI have a

mild clinical picture, in addition to the efficacy of IVT,
safety assessment is also important in the treatment deci-
sions. Among our 46 LACI patients treated with IVT,
none of them had intracranial hemorrhagic complications.
In contrast, every fifth patient with non-LACI had HT,
and 3.7% had a symptomatic ICH after administration of
IVT. In other studies, as well, HT occurred significantly
more frequently in patients with non-LACI than in
patients with LACI.18,22 HT is most frequently present in
patients with non-LACI of anterior circulation,22 and ICH
following treatment with IVT is the least common in
patients with LACI.18 Among LACI patients in the afore-
mentioned study by Eggers,20 hemorrhagic complications
were more frequent in IVT than in non-IVT patients with
LACI, but this difference was not statistically significant,
and the frequency was very low (1.0% versus 0.2%, NS).
In other similar studies that compared patients with LACI
treated and not treated with IVT, there were either no sig-
nificant hemorrhagic complications or they were very
rare.21,23 Such results certainly support the fact that the
use of IVT in patients with LACI is safe.
een LACI IVT and LACI no-IVT

(n = 46) LACI no-IVT (n = 45) P

3.6 § 2.7 .74

2.9 § 1.3 .004

7 (15.6%) .01

14.3 § 7.9 .002

18 (40.0%) .40

SS, National Institutes of Health Stroke Scale.
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The main limitation of our study is the small number of
LACI IVT patients. In addition, in the second part patients
were not randomized in relation to whether they were
treated with IVT, but they represented a cohort of conse-
cutive hospitalized patients with LACI during 1 calendar
year. The reasons why these patients did not receive IVT
were not considered in this study. The time from onset of
symptoms to arrival to hospital in most cases exceeded
4.5 hours. However, in this group of patients (LACI no-
IVT) there were significantly more patients with leukoar-
aiosis, which may lead to the conclusion that this could
have been a reason for not applying IVT. Lastly, the study
could be stronger if all non-IVT patients with LACI who
were seen during the observation period could have been
included.
In conclusion, we could say that the results of our study

have confirmed that the use of IVT is effective and safe in
patients with lacunar infarction. If there are no absolute
contraindications, IVT should always be applied in
patients with lacunar infarction.

References

1. Amarenco P, Bogousslavsky J, Caplan LR, et al. Classifi-
cation of stroke subtypes. Cerebrovasc Dis 2009;27:493-
501.

2. Pantoni L, Fierini F, Poggesi A. Thrombolysis in acute
stroke patients with cerebral small vessel disease. Cere-
brovasc Dis 2014;37:5-13.

3. Adams Jr HP, Bendixen BH, Kappelle LJ, et al. Classifica-
tion of subtype of acute ischemic stroke. Definitions for
use in a multicenter clinical trial. ST. Trial of org 10172 in
Acute Stroke Treatment. Stroke 1993;24:35-41.

4. Norrving B. Long-term prognosis after lacunar infarction.
Lancet Neurol 2003;2:238-245.

5. Powers WJ, Rabinstein AA, Ackerson T, et al. American
Heart Association Stroke Council. 2018 guidelines for the
early management of patients with acute ischemic stroke:
a guideline for healthcare professionals from the Ameri-
can Heart Association/American Stroke Association.
Stroke 2018;49:e46-e110.

6. Mazighi M, Meseguer E, Labreuche J, et al. Dramatic
recovery in acute ischemic stroke is associated with arte-
rial recanalization grade and speed. Stroke 2012;43:2998-
3002.

7. Lahoti SA, Caplan LR, Saposnik G, et al. Thrombolysis in
ischemic strokes with no arterial occlusion. Int J Stroke
2013;8:588-590.

8. Derex L, Nighoghossian N. Intracerebral haemorrhage
after thrombolysis for acute ischaemic stroke: an update.
J Neurol Neurosurg Psychiatry 2008;79:1093-1099.

9. Zivanovic Z, Gvozdenovic S, Jovanovic DR, et al. SETIS
Investigation Group. Intravenous thrombolysis in acute
ischemic stroke due to occlusion of internal carotid
artery—a Serbian Experience with Thrombolysis in Ische-
mic Stroke (SETIS). Clin Neurol Neurosurg 2014;120:124-
128.

10. Barber PA, Demchuk AM, Zhang J, et al. Validity and
reliability of a quantitative computed tomography score
in predicting outcome of hyperacute stroke before throm-
bolytic therapy. ASPECTS Study Group. Alberta Stroke
Programme Early CT Score. Lancet 2000;355:1670-1674.

11. Kharitonova T, Mikulik R, Roine RO, et al. Safe imple-
mentation of thrombolysis in stroke investigators. Associ-
ation of early National Institutes of Health Stroke Scale
improvement with vessel recanalization and functional
outcome after intravenous thrombolysis in ischemic
stroke. Stroke 2011;42:1638-1643.

12. Bamford J, Sandercock P, Dennis M, et al. Classification
and natural history of clinically identifiable subtypes of
cerebral infarction. Lancet 1991;337:1521-1526.

13. Hacke W, Kaste M, Bluhmki E, et al. ECASS Investiga-
tors. Thrombolysis with alteplase 3 to 4.5 hours after
acute ischemic stroke. N Engl J Med 2008;359:1317-1329.

14. Emberson J, Lees KR, Lyden P, et al. Stroke Thrombolysis
Trialists' Collaborative Group. Effect of treatment delay,
age, and stroke severity on the effects of intravenous
thrombolysis with alteplase for acute ischaemic stroke: a
meta-analysis of individual patient data from rando-
mised trials. Lancet 2014;384:1929-1935.

15. Cocho D, Belvis R, Marti-Fabregas J, et al. Does thrombol-
ysis benefit patients with lacunar syndrome? Eur Neurol
2006;55:70-73.

16. Mustanoja S, Meretoja A, Putaala J, et al. Helsinki Stroke
Thrombolysis Registry Group: outcome by stroke etiol-
ogy in patients receiving thrombolytic treatment: descrip-
tive subtype analysis. Stroke 2011;42:102-106.

17. Fuentes B, Martinez-Sanchez P, Alonso de Lecinana M,
et al. Efficacy of intravenous thrombolysis according to
stroke subtypes: the Madrid stroke network data. Eur J
Neurol 2012;19:1568-1574.

18. Shobha N, Fang J, Hill MD. Do lacunar strokes benefit
from thrombolysis? Evidence from the registry of the
Canadian stroke network. Int J Stroke 2013;8:45-49.

19. Fluri F, Hatz F, Rutgers MP, et al. Intravenous thrombol-
ysis in patients with stroke attributable to small artery
occlusion. Eur J Neurol 2010;17:1054-1060.

20. Eggers CCJ, Bocksrucker C, Seyfang L. Austrian Stroke
Unit Registry Collaborators. The efficacy of thrombolysis
in lacunar stroke - evidence from the Austrian stroke unit
registry. Eur J Neurol 2017;24:780-787.

21. Lahoti S, Gokhale S, Caplan L, et al. Thrombolysis in
ischemic stroke without arterial occlusion at presentation.
Stroke 2014;45:2722-2727.

22. England TJ, Bath PM, Sare GM, et al. Asymptomatic hem-
orrhagic transformation of infarction and its relationship
with functional outcome and stroke subtype: assessment
from the Tinzaparin in acute ischaemic stroke trial. Stroke
2010;41:2834-2839.

23. Griebe M, Fischer E, Kablau M, et al. Thrombolysis in
patients with lacunar stroke is safe: an observational
study. J Neurol 2014;261:405-411.

http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0001
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0001
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0001
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0002
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0002
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0002
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0003
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0003
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0003
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0003
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0004
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0004
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0005
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0005
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0005
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0005
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0005
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0005
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0006
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0006
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0006
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0006
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0007
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0007
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0007
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0008
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0008
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0008
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0009
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0009
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0009
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0009
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0009
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0009
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0010
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0010
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0010
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0010
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0010
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0011
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0011
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0011
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0011
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0011
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0011
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0012
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0012
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0012
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0013
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0013
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0013
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0014
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0014
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0014
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0014
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0014
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0014
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0015
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0015
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0015
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0016
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0016
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0016
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0016
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0017
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0017
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0017
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0017
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0018
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0018
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0018
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0019
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0019
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0019
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0020
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0020
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0020
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0020
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0021
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0021
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0021
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0022
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0022
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0022
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0022
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0022
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0023
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0023
http://refhub.elsevier.com/S1052-3057(18)30600-1/sbref0023

	Patients with Acute Lacunar Infarction Have Benefit from Intravenous Thrombolysis
	Introduction
	Materials and Methods
	Results
	Evaluation of Efficacy and Safety of IVT in LACI Patients Compared with Non-LACI Patients
	Evaluation of Efficacy and Safety of IVT in LACI Patients in Comparison with LACI Patients not Treated with IVT

	Discussion
	References


