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Abstract

The efficacy of reperfusion therapy (RT) using intravenous infusion of recombinant tissue plasminogen activator and/or
endovascular therapy for minor ischemic stroke (MIS) has not yet been established. The present study aimed to elucidate
the clinical features of MIS patients with atrial fibrillation (AF) and examine whether they could be potential candidates for
RT. Data of MIS patients, defined as those with a score <5 on the National Institute of Health Stroke Scale, were extracted
from patients admitted to our hospital between 2006 and 2018, and clinical characteristics were compared between the AF
and non-AF groups. Thereafter, the impact of RT on outcomes in the AF- group was evaluated using the modified Rankin
scale (mRS) score 3 months after onset and compared to that of standard medical therapy (SMT) using propensity score
matching (PSM). Of 10,483 stroke patients, 3003 were shortlisted, and 457 AF patients and 2546 non-AF patients were
finally selected. Patients in the AF group had more RT (13.3% vs. 5.7%, p <0.001) than those in the non-AF group. Using
PSM, 53 patients each were extracted from the AF-RT and AF-SMT groups. The frequencies of mRS=0 or 1 for the AF-RT
and AF-SMT groups were 69.8% and 64.2% (p=0.536), respectively, with a significant difference in mRS =0 (56.5% vs.
34.0%, p=0.019). The present study found that MIS patients with AF underwent more RT than those without AF and that
RT compared favorably with SMT for them; further study is warranted to examine whether these patients could be good
candidates for RT.

Keywords Atrial fibrillation - Endovascular therapy - Minor ischemic stroke - Reperfusion therapy - Tissue-type
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Highlights ¢ In MIS patients with AF, RT increased the ratio of best

outcome compared to standard medical therapy.

e The efficacy of reperfusion therapy (RT) for minor

ischemic stroke (MIS) is yet to be established.

e [t is not uncommon for MIS patients to present with atrial
fibrillation (AF).

e MIS patients with AF come to the hospital earlier after
onset and undergo more RT than those without AF.
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Introduction

There are two established measures of reperfusion therapy
(RT) against acute ischemic stroke (AIS). The first is intra-
venous infusion therapy with recombinant tissue plasmino-
gen activator (iv rt-PA) [1, 2]. The second is endovascular
therapy (EVT), the efficacy of which has been proven in
patients with AIS using intra-arterial infusion of prouroki-
nase within 6 h of onset [3] and which has been strongly
indicated by 5 randomized controlled trials (RCTs) where
stent retrievers were used [4]. Furthermore, recent studies
have reported the superiority of EVT over standard medical
therapy (SMT) beyond 6 h after onset [5, 6]. Based on these
results, the present guidelines strongly recommend the use
of RTs under certain conditions [7].
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Patients with minor ischemic stroke (MIS), defined
as those with a National Institute of Health Stroke Scale
(NIHSS) score <5, comprise approximately two-thirds of
all patients with AIS [8] and demonstrate unsatisfactory
outcomes [9]. However, a meta-analysis could not find sig-
nificant superiority of iv rt-PA over controls in AIS patients
with NIHSS scores <5 [10]. Regarding the effectiveness of
EVT, the present guideline merely describes that the use
of mechanical thrombectomy with stent retrievers may be
reasonable for patients with AIS with NIHSS scores <6,
although its benefits are unclear [7]. Thus, the efficacy of
RT for MIS is yet to be established.

Atrial fibrillation (AF) is a major cause of cardioembolic
stroke and is associated with poor prognosis [11]. It is not
uncommon for MIS patients to present with AF [12]. We
hypothesized that, although not all MIS patients benefit from
RT, it provides a better outcome than SMT in patients with
AF.

The present study aimed to elucidate the clinical features,
frequency of administration of RT, and clinical outcomes in
MIS patients with AF compared to those without AF and
then examine whether they could be potential candidates
for RT.

Methods

Our hospital consecutively registered stroke patients and fol-
lowed them up at 3 months after onset by interview or letter
between January 2006 and September 2018, after obtaining
informed consent from the patients or their families. Patients
fulfilling the inclusion criteria shown in Fig. 1 were included
in the study.

At first, we divided these patients into 2 groups: those
with AF (AF group) and those without AF (non-AF group),
and we compared the clinical characteristics, frequency of
performed RT, and clinical outcomes. Thereafter, RT (AF-
RT group) and SMT (AF-SMT group) patients were selected
from the AF group using propensity score matching (PSM),
and the clinical outcomes were compared between the 2
groups. The frequency of mRS score of 0-1 (excellent out-
come) and mortality at 3 months after onset were defined as
primary endpoints. In addition, the frequency of mRS score
of 0 at 3 months was defined as the secondary endpoint for
the comparison between AF-RT and AF-SMT groups.

AIS was defined as the presence of acute onset of neuro-
logical symptoms and detection of the culprit lesion by mag-
netic resonance imaging (MRI) and, if impossible, by com-
puted tomography (CT). MIS was defined as NIHSS =0-5.
The AF group consisted of patients with AF who were
diagnosed before admission or patients in whom AF was
detected before discharge. Information on clinical charac-
teristics was obtained from the patients, their families, or, if

Consecutively registered 10,483 acute ischemic
stroke patients

1.Patients admitted within 24 hours from onset
N=6,893

p— i

2. Patients with activity of daily living prior to the
onset assessed using the mRS, with scores 0 or 1
N=4,910

P n]

3. Patients with disease severity assessed by
NIHSS on admission, with scores from 0 to 5
N=3,497

P

4. Patients who had not undergone carotid
endarterectomy until discharge
N=3,419

]

5. Patients with outcome assessed by mRS at 3
months from the onset

Finally, 3,003 patients fulfilling all criteria were
extracted.

Fig. 1 Inclusion criteria and flow chart of the study. mRS modified
Rankin scale, NIHSS National Institute of Health stroke scale

possible, from their family physician. Additionally, patients
were considered as having a past history when their clini-
cal data at admission fulfilled the criteria of hypertension,
diabetes mellitus, or dyslipidemia at that time. In cases of
unknown onset time of AIS, the last known time at which
the patient was well was considered. RT consisted of solo iv
rt-PA, solo EVT, or a combination of both; iv rt-PA (0.6 mg/
kg) was administered in accordance with the Japanese guide-
lines of administration within 3 or 4.5 h of stroke onset [13,
14]. EVT was performed with 1 or more combinations of
the following procedures: local arterial infusion of uroki-
nase, percutaneous transluminal angioplasty, carotid artery
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stenting, Merci retriever, Penumbra system, and stent retriev-
ers available at the time of patient admission. Revasculariza-
tion status was assessed on the final angiogram obtained by
the physician-in-charge and an experienced neurosurgeon
(S.0.) and was classified according to the modified throm-
bolysis in cerebral ischemia (mTICI) scale [15]. Success-
ful revascularization was defined as an mTICI scale score
of 2b or 3. Symptomatic intracranial hemorrhage (sICH)
was defined when worsened NIHSS score and culprit hem-
orrhagic lesion on CT or MRI were present. A worsened
NIHSS score was defined as an increase of more than or
equal to 1 point. SMT was performed with antiplatelet and/
or anticoagulation therapies at the discretion of the attend-
ing physician in accordance with the Japanese guidelines
at that time (https://www.jsts.gr.jp). Antiplatelet therapy
comprised ozagrel, aspirin, ticlopidine, clopidogrel, and
cilostazol. Anticoagulation therapy comprised heparin,
argatroban, warfarin, dabigatran, rivaroxaban, apixaban,
and edoxaban. ADL, assessed using the mRS score prior to
onset, was inferred by conducting a survey with the patients
or their families. Interviews or unified questionnaires by let-
ter were used to assess the ADL of the patients at 3 months
after onset.

Statistics

The results are presented as medians and quartiles for contin-
uous values unless otherwise stated. Comparisons between 2
groups were performed using the Wilcoxon rank sum test for
continuous values and the chi-square test or Fisher’s exact
test was used for comparison of proportions. Survival analy-
sis was done using log rank (Mantel-Cox) test. PSM was
performed to balance the distribution of variables between
the AF-RT and AF-SMT groups. Age, sex, and variables
that showed p values < 0.2 between the 2 groups by simple
comparison of each clinical characteristic were selected. The
AF-SMT group was matched with the AF-RT group with a
distribution ratio of 1:1 using the nearest neighbor algorithm
with a caliper of 0.02. The data were analyzed using IBM
SPSS version 24.0, with p values < 0.05 considered as indi-
cating statistical significance.

Results

Of 10,483 patients with AIS admitted in our hospital, 3003
patients were shortlisted according to the above-mentioned
criteria (Fig. 1), comprising 457 patients in the AF group
and 2546 in the non-AF group. Comparison of clinical
characteristics, frequency of RT, and clinical outcomes
between the 2 groups is shown in Table 1. The AF group had
a significantly shorter median time from onset to hospital

@ Springer

Table 1 Comparison of clinical characteristics and outcomes of MIS
patients between the AF and non-AF groups

AF group Non-AF group P value
Number of patients 457 2546
Clinical characteristics
Age—year, median 75 (69-81) 71 (63-78) <0.001
(IQR)
Male sex—no. (%) 306 (67.0) 1673 (65.7) 0.604
Vascular risk factors—no. (%)
Hypertension 352 (77.0) 1840 (72.3) 0.036
Diabetes mellitus 153 (33.5) 899 (35.3) 0.45
Dyslipidemia 218 (47.7) 1560 (61.3) <0.001
Past stroke 124 (27.1) 492 (19.3) <0.001
Past coronary artery 46 (10.1) 179 (7.0) 0.023
disease
Current smoking 73 (16.0) 677 (26.6) <0.001
Time from onset to hos- 291 (119-705) 469(178-842) <0.001
pital—min—median
(IQR)
Initial NIHSS, median 2(1-4) 2 (1-3) 0.37
(IQR)
Reperfusion therapy—no. 61 (13.3) 146 (5.7) <0.001
(%)
Type of reperfusion therapy—no. (%)
Solo iv rt-PA 25(5.5) 88 (3.5)
Solo EVT 27(5.9) 52 (2.0)
Both iv rt-PA and EVT 9 (2.0) 6(0.2)
Clinical outcomes
mRS 0-1 at 3 months— 326 (71.3) 1909 (75.0) 0.100
no.(%)
Survival at 3 months— 442 (96.7) 2523 (99.1) <0.001
no.(%)

AF atrial fibrillation, EVT endovascular therapy, IQR interquartile
range, iv rt-PA intravenous infusion therapy with recombinant tissue
plasminogen activator, MIS minor ischemic stroke, mRS modified
Rankin scale, NTHSS National Institute of Health stroke scale

(291 min vs. 469 min, p<0.001) and more RT (13.3% vs.
5.7%, p<0.001) than the non-AF group.

Subjects in the AF group were divided into AF-RT and
AF-SMT groups. Comparison of clinical characteristics
and frequency of RT between the 2 groups before PSM is
shown in Table 2. The selected variables for PSM were sex,
hypertension, past history of stroke, time from onset to hos-
pital, and initial NIHSS score. After PSM, each of the 53
patients in the AF-RT and AF-SMT groups were extracted.
Table 2 shows the clinical characteristics of patients in
both groups after PSM. The status of ADL before stroke
onset was identical between the 2 groups: 50 patients of
mRS = 0 and 3 patients of mRS = 1. In the AF-RT group,
the overall successful revascularization rate by EVT was
62.5%. Two patients in AF-RT group (3.8%) and none in
AF-SMT group (0%) had symptomatic ICH, showing no
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Table 2 Comparison of clinical characteristics of MIS patients with AF between RT and SMT groups before and after PSM

Before PSM P value After PSM P value
AF-RT group AF-SMT group AF-RT group AF-SMT group
Number of patients 61 396 53 53
Clinical characteristics
Age—year, median (IQR) 74 (69-79) 75 (68-82) 0.643 73 (68-79) 73 (68-80) 0.776
Male sex—no. (%) 35(57.4) 291 (68.4) 0.087 33 (62.3) 32 (60.4) 0.842
Vascular risk factors—no. (%)
Hypertension 43 (70.5) 309 (78.0) 0.193 39 (73.6) 36 (67.9) 0.522
Diabetes mellitus 18 (29.5) 135 (34.1) 0.480 16 (30.2) 16 (30.2) 1.000
Dyslipidemia 32 (52.5) 186 (47.0) 0.424 27 (50.9) 26 (49.1) 0.846
Past stroke 10 (16.4) 114 (28.8) 0.043 10 (18.9) 13 (24.5) 0.480
Past coronary artery disease 5(8.2) 41 (10.4) 0.602 50.4) 4(7.5) 1.000
Current smoking 10 (16.4) 63 (15.9) 0.923 9 (17.0) 8(15.1) 0.791
Time from onset to hospital— 110 (56-163) 384 (146-751) <0.001 119 (68-168) 140 (78-226) 0.213
min—median (IQR)
Initial NIHSS, median (IQR) 3(2-4) 2 (1-3) <0.001 3(2-4) 3(2-4) 0.517
Type of RT—no. (%)
Solo iv rt-PA 25 (41.0) 21 (39.6)
Solo EVT 27 (44.3) 24 (45.3)
Both iv rt-PA and EVT 9 (14.8) 8 (15.1)

AF atrial fibrillation, EVT endovascular therapy, IQR interquartile range, iv rt-PA intravenous infusion therapy with recombinant tissue plasmi-
nogen activator, MIS minor ischemic stroke, NIHSS National Institute of Health stroke scale, PSM propensity score matching, RT reperfusion

therapy, SMT standard medical therapy

significant difference between 2 groups (p = 0.495). Follow-
ing RT in the AF-RT group, we initiated antiplatelet therapy
in 5 patients (9.4%), anticoagulant therapy in 34 (64.2%),
and dual therapies in 10 (18.9%). Conversely, the AF-SMT
group consisted of 7 (13.2%), 32 (60.4%), and 7 (13.2%)
patients who received antiplatelet therapy, anticoagulation
therapy, and dual therapies, respectively. The frequency of
any initiated antithrombotic therapies was not significantly

different between the 2 groups (p = 0.904). The distribu-
tion of mRS scores at 3 months in each group is shown
in Fig. 2. An excellent outcome was reported at 3 months
in 37 (69.8%) and 34 (64.2%) patients in the AF-RT and
SMT groups, respectively, without a significant difference
(p = 0.536). However, the AF-RT group had a significantly
higher ratio of mRS = 0 than the AF-SMT group (56.6% vs.
34.0%, p = 0.019). Regarding mortality, 4 patients (7.5%)

AF-RT ../////7//////%:1:-
= R

20 21 w2 M3 =4 ~5 16

Fig.2 Comparison of the distribution of mRS scores at 3 months
between the AF-RT and AF-SMT groups. AF-RT group had non-
significantly higher frequency of mRS=0-1 (69.8% vs. 64.2%,
p=0.536) than AF-SMT group, but that of mRS=0 with significant

difference (56.5% vs. 34.0%, p=0.019). The mortality was not sig-
nificantly different (7.5% vs. 3.8%, p=0.678). AF atrial fibrillation,
mRS modified Rankin scale, RT reperfusion therapy, SMT standard
medical therapy
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in the AF-RT group and 2 (3.8%) in the AF-SMT group
died at 3 months; however, this rate was not significantly
different (p = 0.678) between the 2 groups. Survival analysis
also showed no significant difference between the 2 groups
(p =0.412).

Discussion

The present study found that MIS patients with AF came
to the hospital sooner after onset and underwent more RT
than those without AF. In the AF group, although the differ-
ence in the frequency of an excellent outcome (mRS =0-1)
between RT and SMT was not significant, RT significantly
increased the ratio of mRS =0 compared to SMT.

Refining therapeutic strategy for MIS is very important,
considering the high proportion of cases [8] and unsatisfac-
tory outcomes [16]. For AIS patients, the present guidelines
strongly recommend the use of RTs under certain condi-
tions [7]. However, a meta-analysis could not find significant
superiority of iv rt-PA over the control group in AIS patients
with NIHSS scores <5 [10]. In cases of stroke patients with
large vessel occlusion, a meta-analysis did not show signifi-
cant superiority of combined iv rt-PA +EVT therapy over iv
rt-PA therapy for AIS patients with NIHSS scores <10 [4].
From these studies, it was thought that not all MIS patients,
defined as NIHSS score <35, benefited from RT. A recent
study combining two cohorts reported that MIS patients with
stroke subtype of large artery atherosclerosis might benefit
more from iv rt-PA therapy [17]. In terms of ischemic stroke
with AF, it was reported that AF had a significant negative
impact on morbidity and mortality in all ischemic stroke [18]
and minor stroke, defined as NIHSS score <3 [19]. In the
above-mentioned report [17], the benefit of iv rt-PA ther-
apy in patients with cardioembolism was not demonstrated;
however, the number of AF patients in rt-PA and non-rt-PA
groups (10 and 21) was too small to evaluate the effective-
ness. Therefore, I believe that the present study targeting
MIS patients with AF is of significance.

The present study also showed significant higher mor-
tality and a tendency of lower frequency of an excellent
outcome among MIS patients with AF than among those
without AF. The frequency of AF in MIS patients is not
uncommon. Our study showed a frequency of 15.2%, which
was comparable to 12.3%, as reported by a registry study in
Korea [12]. We observed that MIS patients with AF under-
went more RT than those without AF, probably because they
come to the hospital sooner after onset. The difference in
frequency of an excellent outcome between RT and SMT
groups was not significant, while RT significantly increased
the frequency of mRS =0 compared to SMT, suggesting that
MIS patients with AF could be good candidates for RT.
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There were several limitations to the present study. This
was a retrospective study conducted in a single hospital over
13 years, during which therapy for AIS, especially EVT,
evolved constantly with time. Despite such a long-term
registry, the number of MIS patients who received RT was
small, and the clinical characteristics of the AF-RT group
were very different at some points from the AF-SMT group
before PSM. Because many patients received SMT, extract-
ing matched patients to those with RT was accomplished. At
present, we have not been able to obtain sufficient therapeu-
tic decision-making evidence for MIS patients from previous
studies. Despite these limitations, however, the results from
the present study are clinically relevant.

Conclusion

The present study suggests that RT compares favorably
with SMT for MIS patients with AF; however, this should
be examined through further studies using new thrombotic
agents and devices for EVT.
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