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Background: Whether patients presenting with mild stroke should or should not be treated with intravenous rtPA is still con-
troversial. This systematic review aims to assess the safety and outcome of thrombolysis in these patients.
Material/Methods: We systematically searched PubMed and Cochrane Central Register of Controlled Trials for studies evaluating
intravenous rtPA in patients with mild or rapidly improving symptoms except case reports. Excellent outcome
(author reported, mainly mRS 0-1), symptomatic intracranial hemorrhage (sICH) and mortality were analyzed.
Results: Fourteen studies were included (n=1906 patients). Of these, 4 studies were comparative (2 randomized and
2 non-randomized). The remaining were single-arm studies. On the basis of 4 comparative studies with a to-
tal of 1006 patients, the meta-analysis did not identify a significant difference in the odds of excellent out-
come (OR=0.86; 95% Cl: 0.64-1.15; I>=0) between IV rtPA-treated minor stroke and those without rtPA treat-
ment. Eleven studies involving 1083 patients showed the pooled rate of excellent outcome was 76.1% (95%
Cl: 69.8-81.5%, 12=42.5). Seven studies involving 378 patients showed the mortality rate was 4.5% (95% Cl:
2.6-7.5%, 1>=1.4). Twelve studies involving 831 patients showed the pooled rate of sICH was 2.4% (95% Cl:
1.5-3.8, 1=0).
Conclusions: Although efficacy is not clearly established, this study reveals the adverse event rates related to thromboly-
sis are low in mild stroke. Intravenous rtPA should be considered in these patients until more RCT evidence is
available.
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sue plasminogen activator; mRS — Modified Rankin Scale; NIHSS — National Institute of Health Stroke
Scale; RCT - randomized controlled trials; IST-3 — The Third International Stroke Trials;

ECASS Il -European Cooperative Acute Stroke Study

Full-text PDF: http://www.medscimonit.com/abstract/index/idArt/892259

%1628 EEZ MEIS %46

[l
k.

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
2117 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]




REVIEW ARTICLES

Background

Intravenous thrombolysis with recombinant tissue plasmino-
gen activator (IV rtPA) applied within 3 hours or 4.5 hours is
efficacious in acute ischemic stroke patients [1-3]. However,
few ischemic stroke patients are treated with IV rtPA due to
the narrow time window for treatment [4,5]. However, even
patients who would generally be eligible are often not treat-
ed because of mild stroke or clinical improvement, perceived
protocol exclusions, emergency department referral delay, and
significant comorbidity [5]. It is very common to not treat pa-
tients with mild or rapidly improving symptoms because of
an uncertain risk-benefit ratio. In studies evaluating eligibility
for thrombolysis, up to 43% of patients with mild or improv-
ing stroke symptoms do not receive thrombolytic therapy [6].

However, according to recent reports, 15-31% of patients with
mild or rapidly improving symptoms are dependent or dead
during hospital admission without thrombolysis [4-7]. In con-
trast, some researchers have reported that mild stroke patients
also benefited from IV thrombolysis, and up to 94% achieved
excellent 3-month outcome (modified Rankin Scale, mRS 0-1)
[8-10]. At present, no one has truly tested the effectiveness of
IV rtPA in mild stroke versus placebo. Studies evaluating intra-
venous rtPA in mild stroke patients are limited by small sam-
ple sizes and non-controlled comparison groups. Until more
RCT evidence is available, a systematic review of all studies
can provide useful information on the odds for benefits and
risks of IV rtPA in patients with mild or rapidly improving symp-
toms and help decision-making for individual treatment. We
therefore conducted this systematic review to assess the safe-
ty and outcome of thrombolysis in these patients.

Material and Methods

Search strategy and Eligibility Studies

We systematically searched PubMed (from its earliest date to
April 2013), Embase (1980 to May 2013), and Cochrane Central
Register of Controlled Trials (The Cochrane library 2013, issue
3) for studies evaluating thrombolysis in patients with mild or
rapidly improving symptoms. The terms ‘Minor stroke’, ‘Mild
deficit’, ‘Mild symptom’, ‘Mild stroke’, ‘Stroke with rapidly im-
proving symptoms’, ‘Thrombolysis’, ‘Intravenous tissue plas-
minogen activator’, and ‘rt-PA” were combined using ‘And’ or
‘Or’ for searching relevant studies. The bibliographies of rele-
vant articles were screened. Studies were included if the fol-
lowing criteria were fulfilled: (1) we considered both compar-
ative (randomized or nonrandomized) and single-arm studies;
(2) all patients had been treated for IV rtPA; (3) at least 10 pa-
tients were enrolled; (4) at least 1 of following outcomes was
reported: functional outcome, mortality, or sICH. Articles were
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excluded if they were case reports. In case of multiple publi-
cations from the same study population, only the report with
the most complete data was included.

Selection of studies and data extraction

One reviewer independently screened the titles and abstracts
of every record. The full articles were obtained when the infor-
mation given in the title or abstracts conformed to the selec-
tion criteria outlined previously. Two reviewers independently
performed data extraction and compared the results. The data
extraction form included contents as follows: (1) general char-
acteristics of studies and patients, (2) sample size, (3) the di-
agnostic criteria for mild stroke, (4) outcome measurements
(mRS, Mortality, sICH). Articles that met all inclusion criteria but
in which specific data extraction was not possible were marked
as “NG” (not given). Discrepancies were resolved by consensus.

Statistical methods

For comparative studies, results for dichotomous outcomes
were expressed as odds ratios (OR) with 95% confidence in-
tervals (Cl) and we also obtained the pooled proportions for
excellent outcome, mortality, and sICH, including both com-
parative and single-arm studies. We considered p-values less
than 0.05 to be statistically significant.

We evaluated heterogeneity among included studies using the
12 test. We considered a value greater than 50% to indicate
substantial heterogeneity. Regardless of the size of heteroge-
neity, a random effects model was used for statistical analy-
sis. We conducted the meta-analysis using Cochrane RevMan
5.1 software and Meta-analyst (version 3.13beta; Tufts Medical
Center) [11].

Results

Studies identified

The selection of studies is depicted in Figure 1. The initial lit-
erature search identified 461 relevant articles. After reading
titles and abstracts, we retained 32 studies for further assess-
ment; of these, we excluded 20 studies [12-31]. Two addition-
al studies were included by reference list screening. Ultimately,
14 studies, containing 1906 patients, were included in this sys-
tematic review [8-10,32-42]. Two studies were subgroup anal-
yses from previous RCTs (NINDS 1995 and IST-3) [9,37]. The
remaining studies were observational studies (single-arm), of
which 2 studies had a concurrent control group. Thus, 4 stud-
ies (2 randomized and 2 nonrandomized) contributed data to
both the rtPA group and the non-rtPA group. The number of
participants ranged from 19 to 535 (Table 1).
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461 of records identified through searching

429 irrelevant records of replications
excluded after screening titles and
abstracts

32 of full-text articles assesed for eligibility

Figure 1. Flow chart of literature screening and
selection process.

20 fulltext studies ecluded:
5 comments or editorial
6 no data available
5non mild stroke or no treatment
2 re-analysis of inclusion studies
2 case serials

lists screen

2 additional studies included by reference

14 of studies included in systemic review

Characteristics of included studies

The mean age of participants ranged from 59 to 70 years.
The proportion of male participants was 55.6-78.9% among
these trials. Most of studies enrolled patients treated within
3 hours. All studies except 1 used NIHSS as criteria for mild
stroke. Usual cut-off to define mild stroke was NIHSS 4, 5, or
6. More details are given in Tables 1 and 2.

Outcome rates

Four comparative studies evaluated the effect of IV rtPA on
excellent outcome. On the basis of these studies with a total
of 1006 patients, the meta-analysis did not identify a signif-
icant difference in the odds of excellent outcome (OR=0.86;
95% Cl: 0.64-1.15; 1=0) between IV rtPA-treated minor stroke
and those without rtPA treatment (Figure 2).

We also calculated the pooled proportions for excellent out-
come, mortality, and sICH, including both comparative and sin-
gle-arm studies in patients with mild stroke receiving IV rtPA.
The excellent outcome was available for 11 studies (1083 pa-
tients). It was reported to range from 57.6% to 100%. The
pooled proportion of excellent outcome was 76.1% (95% Cl:
69.8-81.5%, 12=42.5) (Figure 3). Seven studies involving 378
patients showed the risk of mortality rate ranged from 0%
to 8%, with a pooled 90-day mortality rate of 4.5% (95% Cl:
2.6-7.5%, 1>=1.4) (Figure 4). Regarding the definition of sICH, 4
studies defined it as clinical neurological deterioration tempo-
rally related to ICH [9,10,33,36] and 2 defined it as a >4-point

increase in NIHSS associated with ICH [8,38]; 1 defined clini-
cal neurological deterioration or a >4-point increase in NIHSS
associated with ICH [41]; the definition was unclear in the re-
maining studies [32,34,35,40]. The risk of sICH was report-
ed to range from 0% to 5.1%. Twelve studies involving 831
patients showed the pooled rate of sICH was 2.4% (95% ClI:
1.5-3.8, 12=0) (Figure 5).

Discussion

Thrombolysis is often withheld in patients with mild symp-
toms, so little is known about its efficacy and safety in these
patients. Our study suggests that there are no significant dif-
ferences for excellent outcome after 3 months of IV rtPA-treat-
ed minor stroke compared with those without rtPA treatment.
The pooled estimates associated with IV rtPA were 76.1% for
excellent outcome, 4.5% for mortality rate, and 2.4% for sICH.

In previous studies, the proportion of poor outcome (mRS 2-6)
in mild patients who do not receive IV rtPA varied from 15%
to 31%. Our study showed the pooled proportion of excellent
outcome (MRS 0-1) was 76.1% for mild patients receiving IV
rtPA, which is similar to the results mentioned above. A post
hoc subgroup analysis of the NINDS study with small group
of patients suggested that the risk-to-benefit ratio for using
t-PA in patients with minor stroke favored treatment in eligi-
ble patients [9]. However, the subgroup analysis of the IST-3
trial did not show a significant effect of rt-PA in patients with
mild stroke [37]. This may be due to the treatment effect being
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Table 1. Characteristics and outcome of studies on minor stroke treated with intravenous tissue plasminogen activator.

Functional . Mortality

Study Study type N  Definition Male,% NIHSS

outcome 920

Comparative studies

Khatri, RCT post hoc mRS 0-1
2010 el 42 NIHSS <5 3 hours NG NG NG (90-day) 1/42, 2.4% NG
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 33/42,786% oo
OHS 0-2
SEIECILCE G Rar pOSt,hoc 304 NIHSS <5 6 hours NG NG NG (6-month) NG NG
2012 analysis
221/304,72.7%

Huisa, Prospective 66.5 3.4 mRS 0-1 3/59,
2012 STl 59 NIHSS <5 3 hours (16.4) 61% (1.4) (90-day) 3/59, 5.1% 519%
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 34/59,57.6%
Urra, Prospective 68.8 Median mRS 0-1 2/119,
2013 Strokepregistry 19 NIHSS<5— 45hours )5 ) 68.9% 3(-a)  (00-d3) 0 1.7%
e e 99M119,83%
Single arm studies

. mRS 0-1
StEffzfgg;ge"' S;;ﬁ”:;:ry 77 NIHSS<5 3 hours (f; ; 48,62%  Median4  (90-day) 22/6;/; 6:3;7'
.. £ £ . S
58 NIHSS 0-2 30/58, 51.7% 45/58, 77.6% 0
Prospective 194 NIHSS 3-4 62 (58-73) 116/194,59.8% 0 (0-2) 116/194,59.8% 5, 2.6%

Strbian, 2012 thrombolysis 236 NIHSS 5-6 3 hours 65 (56-74) 137/236,58.1% 1 (0-3) 130/236,55.1% 5,2.1% NG
registry 252 NIHSS 0-4 68 (59-76) 146/252,57.9% 2 (1-4) 161/252,63.9% 5,2.0%
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 488 NIHSSO-6 . 283/488,580% 291/488,59.6% 10,20%

Kohrmann, Prospective 32 2 69.5 24/32, Median mRS 0-1
2009 Strokepregistry NIHSS<S (1-12) (42-92) 75% 3.5 (1-4) (ET-dep) 0 0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 30/32,938% .
Pr iv m -1
Baumann, thr?):s;’[ys?s 19 RIE* 3 hours 59 (13) 15/19, il (9}:)?d(;y) 0 1/19,
2006 ) 78.9% 5 (4-6) 5.3%
registry 15/19, 78.9%
Nesi, Prospective uliE
ol4 S 47  NIHSS <6 3 hours NG NG NG (90-day) 0 0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 41/47,87.2%
. Mortality
JOSZZLﬁ Z P;(:tgzzts':e 535 NIHSS<5 3 hours NG NG NG NG NG discharge
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 10/535, 1.9%
Death/
Mittal, Stroke Center 66.5 1/25, Hospice
2012 database 25 NIHSS <5 I (12.5) NG NG NG 4% (disharge)
e e 2/25,8%
Desilles 2011 OSPEVE o0 NiHss<a NG NG NG 4 MRS 0-2 0 0
,,,,,,,,,,,,,,,,,,,,,,, database T .4 Oday2s
. Mean mRS 0-1
Hassan, Retrospective 62.4 15/27, 1/27,
2010 study 27  NIHSS <6 3 hours (14.3) 55 69 4.52 (90-day) 3.79 NG
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1.25)  25/27,926% "
mRS 0-1
) (90-day)
Wendt, th:)(:‘r?l'j:;lsis 107 NIHSS <4 NG 71 (64-78) 66/107, 62% NG 79/107, 74% 1(;19?)/2' NG
2013 65 NIHSS <3 NG 71 (63-78) 36/65, 55% NG mRS 0-1 NG
database 0
(90-day)

48/65, 74%

* RIE: Rapid early improvement of neurological deficit (defined as regression of neurological symptoms between stroke onset and
evaluation by the treating neurologist); ** 7-10 days or discharge; OHS — Oxford Handicap Score; RCT — randomised controlled trial;
NIHSS — National Institutes of Health Stroke Scale; mRS — modified Rankin Scale; sICH — symptomatic Intracranial Hemorrhage;

NG — not given.
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Table 2. Subgroup analyses of outcomes according to different time and NIHSS.

Mortality e of sICH

OR 95%(l study and OR 95%(I
participants

Number of
study and
participants

Number of
study and
participants

Excellent outcome

Substelll OR 95%Cl

<
<3hours 6,496 Pea1a 4,202 o 8, 548 o
<6hours 1,304 0.727(0.674-0.774) - - - -
NIHSS
<3 1,65 0.738 (0.619-0.831) - - 1,65 0.015 (0.002-0.101)
< 0 G 0.891 (0.519-0.984) ) 5 0.017 (0.002-0.111) AT 0.017 (0.008-0.036)
=46 =0 =0
0.740 (0.659-0.808) 0.047 (0.020-0.105) 0.032 (0.015-0.063)
<
° %E =414 h2 12=31.5 %S =0
<6 2,535 0730 ‘Iﬁ’j‘;lgo-%(’) 1,47 0.01 (0.001-0.146) 1,27 0.037 (0.005-0.221)

NIHSS — National Institutes of Health Stroke Scale; sICH — symptomatic intracranial hemorrhage.

Experimental Control 0dds ratio 0Odds ratio
Study or subgroup Events Total Events Total Weight M.-H. Random, 95% CI M.-H. Random, 95% CI
1.1.1mRS
Huisa 2012 34 59 51 74 16.4% 0.61[0.30,1.25] =
Khatri 2010 33 42 13 16 3.9% 0.85[0.20, 3.63] . —
Urra 2013 99 119 68 84 15.8% 1.16[0.56, 2.41]
Subtotal (95% Cl) 220 174 36.2% 0.8410.52,1.36] T
Total events 168 132
Heterogeneity: Tau?=0.00; Chi>=1.52, df=2 (P=0.47); *=0%
Test for overall effect: 7=0.71 (P=0.48)
1.1.20HS
Sunderocks 2012 pal 304 232 308 63.8% 0.87[0.61,1.25]
Subtotal (95% CI) 304 308 63.8% 0.87[0.61,0.25] ,
Total events 21 232
Heterogeneity: Not applicable
Test for overall effect: Z=0.74 (P=0.46)
Total (95% Cl) 524 482 100.0% 0.86[0.64, 1.15] ‘
Total events 387 364
Heterogeneity: Tau’=0.00; Chi’=1.54, df=3 (P=0.67); ’=0% I t } |
Test for overall effect: Z=1.02 (P=0.31) 0.01 01 . L 10 100
Test for subgroup differences: Chi*=0.01, df=1(P=0.91), =0% Favours thrombolysis Favours control

Figure 2. Odds ratio for ‘Excellent outcome’ after 3 months of intravenous rtPA-treated minor stroke compared with those without
rtPA treatment.

too small to be detected, and would require a very large sam-
ple. A second reason why IST may not have shown a benefit
of rt-PA in mild strokes is because the treatment window was
6 hours and this was a criterion for inclusion into the trial.

The main reason of the exclusion from thrombolysis in pa-
tients with mild symptoms is the fear that rtPA will present

a potential risk for cerebral hemorrhage. Our results demon-
strated that the rate of sICH in IV rt-PA treated patients with
mild stroke (2.4%) was similar to the rate of hemorrhage in
the control group (1.8%) from a recently updated meta-analy-
sis of rtPA for acute ischemic stroke (12 trials, 7012 patients)
and lower than in treated patients (7.7%) [43]. It is also low-
er than the result of SITS-MOST containing 6483 treated
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Study name N

Khatri (2010) 4 - —_— T
Sandercock (2012) 304 : *”

Huisa (2012) 5 | :
Urra (2013) ERE j S s
Steffenhagen (2009) 77 —_—
Strbian (2012) 2% —i— -
Kohrmann (2009) 32 : : —_—
Baumann (2006) 19 . ‘ : : -

Nesi (2013) 47 j D ——
Desilles (2011) 5 - —
Wendt(013) 107 —=

Overall : —_——

Rate: 95% (I

Confidence Interval
0.786 (0.637, 0.885
0.727 (0.674,0.774
0.576 (0.448, 0.695
0.832(0.754,0.889
0.753 (0.645, 0.837
0.639(0.576, 0.696,
0.938(0.782,0.984
0.789 (0.554,0.919
0.872(0.744,0.942
1.000 (0.756, 1.000
0.738(0.647,0.813

(

)
)
)
)
)
)
)
)
)
)
)
0.761(0.698, 0.815)

04 05 06 07 08 09 10 11
Rate: 95% (I
Study name N i : ) ~ Confidence Interval
Huisa (2012) 59 _._ 0.051(0.016, 0.146)
Urra (2013) 119 '.__ : - 0.017(0.004, 0.065)
Steffenhagen (2009) 77 '_'_ ©0.078(0.035,0.163)
Kohrmann (2009) 32 '™ 0,000 (0.000,0201)
Baumann (2006) 19 = ©0.053 (0,007, 0.294)
Nesi (2013) g o—— 0000 (0.000,0.146)
Desiles (2011) 25 0000 (0.000,0.244)
Overall —— 0.045 (0.026, 0.075)
000 005 010 015 020 0% 030 035

Study name N i
Khatri (2010) ) —_—
Huisa (2012) 59 C——

Urra (2013) 119 ——
Steffenhagen (2009) 77 I —

Strbian (2012) 252 -

Kohrmann (2009) 32 :
Baumann (2006) 19 -
Nesi (2013) 47 =
Mittal (2012) 25
Desilles (2011) 25
Hassan (2010) 27 G-
Wendt (2013) 101 -——
Overall L
I I
0.0 0.2

Rate: 95% Cl

Confidence Interval
0.024 (0.003,0.151)
0.051(0.016, 0.146)
0.000 (0.000, 0.053)
0.026 (0.007, 0.098)
0.020 (0.008, 0.047)
0.000 (0.000, 0.201)
0.000 (0.000, 0.298)
0.000 (0.000, 0.146)
0.040 (0.006, 0.235)
0.000 (0.000, 0.244)
0.037/(0.005, 0.221)
0.009 (0.001, 0.063)
0.024(0.015, 0.038)
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Figure 3. Pooled proportion of excellent
outcome at the end of 3 months.

Figure 4. Pooled mortality at the end of 3
months.

Figure 5. Pooled rate of symptomatic
intracranial hemorrhage.
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patients, which assessed the safety profile of Alteplase in
clinical practice [44].

The main limitation of this study is that most of the included
studies that described the outcome either used historical con-
trols or no control group and the patient count was low. A fur-
ther limitation in this combined analysis is lack of adjustment
on baseline differences. In addition, there is no consensus def-
inition of minor stroke. The NINDS t-PA study and the ECASS llI
[1,2] both excluded patients with mild stroke, but they failed to
clearly define a threshold for mild stroke. So far, although there
are no identical variates for predicting the poor outcome of pa-
tients with minor stroke, future studies are needed to focus on
how to really identify minor stroke patients with poor outcome
by clinical features combined with imaging features. Previous
studies found that mild stroke patients with large-vessel oc-
clusion were at high risk for early neurological deterioration or
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poor outcome [45]. Imaging with advanced MRI is a possibility
to guide treatment decision-making in mild stroke [27,34,36].
However, the decision-making process regarding these tech-
niques seems to be rather sophisticated. These issues should
be addressed in further randomized controlled clinical trials.

Conclusions

Although efficacy is not clearly established, this study reveals
that the adverse event rates related to thrombolysis are low
in mild stroke. Intravenous rtPA should be considered in these
patients until more RCT evidence is available.
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