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Abstract
Background: 

Whether anticoagulants or antiplatelets are more effective for secondary stroke prevention for embolic stroke of undetermined source (ESUS)
remains unknown. These two treatments were compared retrospectively.

Methods: 

Of 779 acute ischemic stroke inpatients between January 2012 and December 2014 in our stroke center, 110 patients met our ESUS criteria were
compared. Antiplatelets were used in 81 patients, and anticoagulants were used in 29. ESUS criteria by Hart et al., except for extracranial
atherosclerosis, were used. In all patients, intracranial magnetic resonance angiograms were obtained, and the infarct was diagnosed with
positive diffusion studies. The primary outcome was recurrence-free survival. Score-tests for the hazard ratio assumption and for covariate
effects in the Cox proportional hazard model were performed. To estimate hazard ratios, a likelihood ratio test and the Kaplan-Meier method and
log-rank test were used. This study protocol was approved by the Institutional Review Board of the hospital.

Results: 

The mean follow-up period was 84.0±65.5 weeks, and 14 patients treated with antiplatelets and one treated with anticoagulants developed
recurrent ischemic stroke. The antiplatelet group had a signi�cantly higher risk of recurrence than the anticoagulant group (p=0.0293, likelihood
ratio 0.144, 95% con�dence interval [CI]: 0.019-1.096). Multivariate analysis also showed a similar result (p=0.013, likelihood ratio -1.94, 95% CI:
0.01-0.72, respectively).

Conclusions: 

These �ndings suggest that anticoagulants are more effective than antiplatelets for secondary stroke prevention for ESUS patients, although
this was a non-randomized, single-center, retrospective analysis with a small sample size. Further studies are needed to accumulate enough
evidence. 

Background
Embolic stroke of undetermined source (ESUS) accounts for 10-25% of ischemic strokes.[1, 2] It is known that ESUS is more likely to relapse
than other cerebral infarctions and has a poor prognosis.[3, 4] Antiplatelet drugs are recommended for the secondary prevention of ESUS in the
European and United States guidelines.[5, 6] Recent studies suggest a thrombotic mechanism for ESUS,[7] and two global studies (NAVIGATE
ESUS, RE-SPECT ESUS) comparing direct oral anticoagulants (DOACs) and antiplatelets are in progress.[8, 9] In the ESUS global registry, only
7% of ESUS patients were administered anticoagulants, and the effects of anticoagulants including warfarin are still unknown.[10] On the other
hand, there is no recommendation on the treatment of ESUS in Japanese guidelines.[11] It is possible that the number of ESUS patients who
received anticoagulants in Japan is greater than in other countries.

Objectives

To investigate whether anticoagulants or antiplatelets are more effective for secondary stroke prevention in ESUS patients, anticoagulants were
compared with antiplatelets in patients with ESUS to prevent recurrent ischemic strokes.

Methods
Study design and setting

This was a retrospective cohort study undertaken at the Stroke Center of Seirei Hamamatsu General Hospital (Hamamatsu, Japan), in which
medical records between January 2012 and December 2014 were reviewed. A total of 779 ischemic stroke patients were admitted to the
hospital within that period. The study was carried out in accordance with the Declaration of Helsinki, and the protocol was approved by the
Institutional Review Board of Seirei Hamamatsu General Hospital. The patients were identi�ed based on the registered disease name in the
medical records, and all patients were examined to determine whether they met the ESUS criteria. 

ESUS criteria

Ischemic stroke patients with a documented acute lesion on brain imaging and hospitalized at the stroke center were included. Patients who
were excluded were those who did not satisfy the ESUS criteria, [1] except for extracranial atherosclerosis: (a) stroke detected by magnetic
resonance imaging (MRI) that was not lacunar (de�ned as a subcortical infarct ≤2.0 cm on MRI diffusion images in the largest dimension, and
in the distribution of the small, penetrating cerebral arteries); (b) absence of intracranial atherosclerosis causing ≥50% luminal stenosis in
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arteries supplying the area of ischemia; (c) no major risk of a cardioembolic source of embolism (permanent or paroxysmal atrial �brillation,
sustained atrial �utter, intracardiac thrombus, prosthetic cardiac valve, atrial myxoma or other cardiac tumors, mitral stenosis, <4 weeks after
myocardial infarction, left ventricular ejection fraction <30%, valvular vegetations, or infective endocarditis); (d) no other speci�c cause of stroke
identi�ed (arteritis, dissection, migraine/vasospasm, drug misuse); and (e) minimum diagnostic assessment performed (brain MRI, 12-lead
electrocardiogram, precordial echocardiography, cardiac monitoring for ≥24 h with automated rhythm detection, MRI or computed tomography
(CT) angiography imaging of intracranial arteries supplying the area of brain ischemia and neck echo screening. Patients who were dead on
discharge, those taking both anticoagulants and antiplatelets after discharge, and those taking neither anticoagulants nor antiplatelets after
discharge were excluded. 

Patients’ demographic data

The following demographic data were collected referring to a previous cryptogenic stroke study[12] as variables: age, sex, stroke recurrence,
period to recurrence, secondary prevention drug, estimated glomerular �ltration rate (eGFR), CHADS2 score,[13] modi�ed Rankin Scale (mRS)
score at discharge, death during hospitalization, and medical history of smoking, diabetes mellitus, hypertension, dyslipidemia, stroke, chronic
heart failure, and acute coronary syndrome. The datasets were created by reviewing the patients’ electronic medical records. The data were
double-checked by two of the authors (Y.S. and T.A.). 

Data of the exposed group/non-exposed group

The ESUS patients were divided into two groups: the antiplatelet (AP) group, who took antiplatelets as secondary prevention for ischemic stroke
when they were discharged; and the anticoagulant (AC) group who took anticoagulants. The drug choice depended on the judgment of the
doctor in charge. Antiplatelets included aspirin, clopidogrel sulfate, and cilostazol. Anticoagulants included warfarin and DOACs. DOACs were
used only for deep venous thrombosis. These patients were followed for three years from ESUS onset. 

Outcome measures

The primary outcome was recurrence-free survival, with recurrence de�ned as acute ischemic stroke including transient ischemic attacks (TIAs)
evaluated by a stroke specialist regardless of positive or negative neuroimaging. The outcome measure time frame was 3 years.

Patients’ overall survival and major bleeding according to the International Society on Thrombosis and Haemostasis (ISTH) criteria[14] were
investigated as secondary outcomes.

Statistical analysis

The outcome variable was event-free survival time, and age, sex, CHADS2 score, and mRS score at discharge were used as covariates. Missing
or abnormal data were checked by re-reviewing the medical charts (Y.H.). The means (standard deviation; SD) for continuous variables and
frequencies (%) for categorical variables were calculated as summary statistics.

The event-free survival rate was calculated using the Kaplan-Meier method. Crude and multivariate adjusted hazard ratios and their 95%
con�dence intervals were estimated by Cox proportional hazard models with the maximum likelihood method. Score test statistics were also
obtained. P-values < 0.05 on two-sided tests were considered signi�cant. SAS University (SAS Institute, Cary NC, USA) was used for statistical
calculations.

The sample size was estimated based on a previous Japanese study report.[15] With a 5% alpha error and 80% power, a sample size of 27
patients in each group was needed. A pilot study was performed with approximately 100 patients to facilitate the sample-size calculation.
Consequently, the research period was set to 3 years, since this allowed for seasonal variability in disease prevalence.

Results
Study population

A total of 779 patients were admitted to the hospital with a primary diagnosis of acute ischemic stroke between January 1, 2012, and December
31, 2014 (Figure 1); 669 patients (288 lacunar infarctions, 141 atherothrombotic infarctions, 105 cardioembolic strokes, 23 speci�c-cause stroke,
102 insu�cient minimum diagnostic assessments, 2 who were discharged dead, and 8 insu�cient drug-criteria patients) were excluded. Thus,
110 ESUS patients were �nally included in the study. Fifteen patients developed recurrent ischemic strokes over the 3-year follow-up: 14 of the
81 AP group patients and 1 of the 29 AC group patients. The 3-year follow up rate was 33.6%. The mean follow-up period was 84.0 (standard
deviation was 65.5) weeks. 

Patient characteristics
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The patients’ demographics are shown in Table 1. The patients’ median age at admission was 71.5 (SD, 13.2) years, and 31.8% were women.
The mRS score at discharge was 2.9 points in AC group patients and 2.4 points in AP group patients. Table 2 shows the antiplatelet drugs and
doses used: 32 patients (39.5%) used aspirin as single antiplatelet therapy; 25 used clopidogrel sulfate; and 20 used cilostazol. Three were
administered double antiplatelet therapy. Among 29 AC group patients, three (10.3%) used DOACs (two used apixaban 5 mg per day and one
apixaban 10 mg). The warfarin control goal was an international normalized ratio (INR) of 2.0 - 3.0, but for patients over 70 years, it was 1.6 -
2.6 according to the Japanese guideline.[11] In the AC group, the recurrent stroke patient’s INR was 2.54 at admission. 

Ischemic stroke recurrence rate of AC group patients

The Kaplan-Meier recurrence-free survival rates are shown in Figure 2. Of 110 ESUS patients, 15 (13.6%) developed ischemic stroke over the
three years of follow-up, including one AC group patient (3.4%) and 14 AP group patients (17.3%). 

Multivariate analysis

To clarify the signi�cance of anticoagulant treatment as secondary prevention for ESUS, multivariate analysis of recurrence was performed
using a Cox proportional hazard model; age, sex, CHADS2 score, history of smoking, diabetes mellitus, hypertension, dyslipidemia, stroke, history
of chronic heart failure or acute coronary syndrome, and mRS score at discharge were not significantly associated with time to recurrence,
whereas secondary prevention drug group (AP group or AC group) was a signi�cant risk factor for recurrence (likelihood ratio -1.94, 95%
con�dence interval (CI): 0.01-0.72, p=0.013).

Table 3 shows recurrent stroke patients’ characteristics. Their mean age was 77.9 years. Two of �fteen (13.3%) were females, and only one
patient received anticoagulant therapy. The mean recurrence-free period, eGFR, CHADS2 score, and mRS score were 64.5 weeks, 68.7

mL/min/1.73 m2, 3.6, and 2.5, respectively. Twelve patients (80%) had hypertension, and ten (66.7%) were past or current smokers. No patients
had acute coronary syndrome or heart failure. 

Overall survival and major bleeding

Of 110 ESUS patients, 13 AP group patients and four AC group patients had died by three years. There was no overall survival difference
between the AP group and AC group (p=1, 95%CI: 0.182-3.061) patients. No major bleeding meeting ISTH criteria occurred.

Discussion
The present results suggest that anticoagulants are more effective than antiplatelets for secondary prevention in ESUS patients. Antiplatelet
drugs were recommended for ESUS as a result of the subgroup analysis of the Warfarin-Aspirin Recurrent Stroke Study (WARSS) trial.[5, 6]
Recent studies showed that most cases of ESUS may be caused by cardioembolism,[7] but it has not been shown that anticoagulants are
more effective for secondary prevention against ESUS than antiplatelets. In the present study, anticoagulants were more effective for secondary
prevention than antiplatelets in such patients.

Strength of this study:

The main importance of this study is that an infarct was diagnosed using MRI in all patients. ESUS criteria included both MRI and CT images,
but it is well known that MRI has greater sensitivity and speci�city for acute ischemic stroke than CT.[16] By eliminating CT from the inclusion
criteria, it was possible to diagnose acute ischemic stroke more de�nitively.

As a feature of this research, warfarin was prescribed to 89.7% of the anticoagulant-treated patients. Two global RCTs have already compared
DOACs with antiplatelets, but there is no evidence that warfarin is more effective for preventing recurrent ischemic stroke than antiplatelets.
There are still many situations when we need to use warfarin rather than DOACs, such as renal failure, cost issues, and so on. In the present
study, whether there was a signi�cant difference between warfarin and antiplatelets could not be determined, but this will be clari�ed in a future
study.

This study showed the current regional Japanese status related to ESUS. Compared with the ESUS Global registry,[10] the ratios of ischemic
stroke type and test insu�cient were similar. Among the patients’ characteristics, patients were older and had a higher recurrence rate than in
the global registry, which is compatible with the Japanese background of these patients.

Limitations of this study:

The main limitation was patient selection. Since most patients did not undergo imaging of the extracranial arteries supplying the area of brain
ischemia satisfying the ESUS criteria that were used, this was not set as an exclusion criterion. This differed from the ESUS criteria, but all
patients underwent neck echo screening, and if the patient had severe neck artery stenosis, detailed examination was performed.
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Atherothrombotic infarctions were screened by other measures. This study was single-center cohort study, and the sample size was limited, but
a good follow-up rate was expected because there were few other large hospitals in the area, and ischemic stroke patients were all seen at this
hospital. To con�rm the present �ndings, a multicenter, large sample size study is needed.

Conclusions
In summary, the present �ndings suggest that anticoagulants are more effective than antiplatelets for secondary stroke prevention for ESUS-like
patients. Further studies are needed to accumulate more evidence.
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Table 1. Patients’ demographics
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  Total Treatment
  N = 110 Anticoagulant

(n = 29)

Antiplatelet

(n = 81)

Mean age, y (SD) 71.5 (±13.2) 68.9 72.4

Female (%) 35 (31.8) 18 24

Recurrent (%) 15 (13.6) 1 (3.4) 14 (17.3)

Mean weeks to recurrence, week (SD) 84.0 (±65.5) 21 67.6

Medical history      

 Hypertension (%) 58 (52.7) 13 45

 Diabetes (%) 29 (26.4) 10 19

 Hyperlipidemia (%) 47 (42.7) 13 34

 Smoker (%) 45 (40.9) 12 33

 Previous ischemic stroke (%) 35 (31.8) 10 25

 Heart failure (%) 0 (-) 0 0

 Acute coronary syndrome (%) 6 (5.5) 1 5

Mean eGFR, mL/min/1.73 m2 (SD) 70 (±24.2) 68.5 70.5

Mean CHADS2 score (SD) 3.2 (±0.9) 3.2 3.2

Mean mRS (SD) 2.5 (±1.5) 2.9 2.4

SD, standard deviation; eGFR, estimated glomerular filtration rate; mRS score, modified Rankin Scale score at discharge.

 

Table 2. Antiplatelet agents and doses used 

Number (person) Drugs and doses (per day)

32 Aspirin 100 mg

20 Clopidogrel sulfate 75 mg

5 Clopidogrel sulfate 25 mg

16 Cilostazol 200 mg

4 Cilostazol 100 mg

2 Aspirin 100 mg and clopidogrel sulfate 75 mg

1 Aspirin 100 mg and cilostazol 200 mg

1 Aspirin 100 mg and cilostazol 100 mg

 

Table 3. Recurrent stroke patients’ characteristics
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Case Age

(Range)

Treat Recurrence-
free

Medical History eGFR CHADS2 mRS
score

  (y)   (weeks) HT DM DL Smoke Stroke HF ACS (mL/min/1.73
m2)

   

1 70-75 AP 139 + - - - - - - 60 3 1

2 75-80 AC 21 - - - + - - - 76 3 3

3 55-60 AP 16 - - + - - - - 115 2 3

4 80-85 AP 23 + - - + - - - 83 4 2

5 85-90 AP 2 + - - + + - - 82 4 2

6 85-90 AP 82 + - - + + - - 73 4 2

7 75-80 AP 15 + + + + - - - 46 5 3

8 81-85 AP 9 + - + + - - - 74 4 2

9 80-85 AP 62 + - + - + - - 72 4 4

10 80-85 AP 141 - - + - - - - 58 3 3

11 70-75 AP 21 + - - + - - - 71 3 4

12 91-95 AP 63 + + - + + - - 5 5 3

13 65-70 AP 125 + - + + - - - 82 3 4

14 55-60 AP 147 + - - + - - - 88 3 0

15 85-90 AP 102 + - - - - - - 45 4 2

Treat indicates treatment drug; HT, hypertension; DM, diabetes mellitus; DL, dyslipidemia; HF, heart failure; ACS, acute

coronary syndrome; eGFR, estimated glomerular filtration rate; mRS, modified Rankin Scale; AP, antiplatelet; AC,

anticoagulant

 

 

Figures
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Figure 1

Flow chart of this study Ischemic stroke patients with positive neuroimaging were included, while those with cause known, those who were
discharged dead, and those with insu�cient drug criteria were excluded.
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Figure 2

Kaplan-Meier survival analyses for recurrence in stroke patients with anticoagulants versus antiplatelets * Log-rank test P=0.0293 (95%CI:
0.019-1.096). AP: antiplatelet, AC: anticoagulant


