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Dear Sir:

Without anticoagulation, the risk of early recurrence in the first 
14 days after atrial fibrillation (AF)-related ischemic stroke is ap-
proximately 0.5%–1.3% per day.1 Anticoagulation is an essential 
strategy for preventing recurrent stroke in patients with AF-re-
lated stroke. However, it increases the incidence of intracranial 
hemorrhage (ICH) in the early stages of stroke. For the timing of 
anticoagulation, the “1–3–6–12 days rule” has been used: ad-
ministration of anticoagulant at day 1 for transient ischemic 
attack (TIA), day 3 for mild stroke (National Institutes of Health 
Stroke Scale [NIHSS] <8), day 6 for moderate stroke (NIHSS 8–16), 
and day 12 for severe stroke (NIHSS >16).2 However, this rule was 
established when vitamin K-dependent anticoagulation was used. 
Non-vitamin K-dependent oral anticoagulants (NOACs) have a 
similar efficacy and are associated with a lower bleeding risk;3 
they may be administered earlier than warfarin in patients with 
acute ischemic stroke (AIS).4 However, no randomized controlled 
trials have focused on the timing of NOAC administration in pa-
tients with AF-related AIS. The purpose of this study was to ex-
amine the feasibility and possible efficacy of NOAC administra-
tion at timepoints earlier than the conventional rules. Considering 
that early recurrent infarcts identified using diffusion-weighted 
imaging (DWI) and ICH identified using gradient-echo imaging 
(GRE) are common in patients with AF-related AIS,5 we used 
these imaging endpoints in this pilot study.  

This was a multicenter, randomized, open-label, blinded end-
point trial. Patients with AIS identified by DWI were included if 

they (1) were ≥20 years old, (2) had cardioembolic infarction (due 
to AF) identified before randomization, (3) had mild to moderately 
severe stroke (TIA and severe strokes were excluded), and (4) 
could be administered edoxaban within 48 hours of symptom 
onset. The exclusion criteria are summarized in Supplementary 
Table 1. Patients were randomized to either the conventional 
edoxaban treatment group (C-group) or the early edoxaban treat-
ment group (E-group). In the C-group, a standard dose of edox-
aban was administered to patients on day 3 for mild stroke and 
on day 6 for moderate stroke after symptom onset. Before ad-
ministration of edoxaban, the use of anticoagulants was prohib-
ited. In the E-group, a half-dose of edoxaban was administered 
from onset until day 3 (for mild stroke) or day 6 (for moderate 
stroke), and a standard dose of edoxaban was then administered 
as in the C-group. Baseline magnetic resonance imaging (MRI) 
was performed 24–48 hours after symptom onset, and follow-up 
MRI was performed between days 10 and 14. MRI images, in-
cluding DWI, GRE, fluid-attenuated inversion recovery, and mag-
netic resonance angiography, were collected at the Asan Medical 
Center Central Image Laboratory and read by neuroradiologists 
blinded to treatment allocation. Thrombolysis or endovascular 
therapy was permitted if appropriate. Edoxaban was adminis-
tered 24 hours later to patients who received thrombolysis ther-
apy. This trial was performed in accordance with the Good Clini-
cal Practice guidelines and approved by the Institutional Review 
Boards of all participating centers. Written informed consent 
was obtained from all patients (clinicaltrials.gov–NCT03433235).

The primary outcome was the occurrence of new symptomatic 
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or asymptomatic infarcts detected on DWI on days 10–14, in 
comparison with the baseline DWI findings at 24–48 hours. Sec-
ondary endpoints included (1) recurrent infarcts that were as-
sociated with clinical deterioration (increased NIHSS ≥4) within 
10–14 days, (2) neurological deterioration (increased NIHSS ≥2), 
(3) any ICH detected by GRE at days 10–14, (4) recanalization 
of the occluded vessels in patients who did not undergo throm-
bolysis or endovascular therapy, and (5) functional status (modi-
fied Rankin Scale [mRS]) at 3 months. Although the sample size 
could not be calculated for this exploratory trial, a total of 66 
patients were enrolled. 

The primary and secondary endpoints were assessed in the 
modified intention to treat (ITT) population, which included pa-
tients who were randomized and completed follow-up MRI. Per-
protocol analysis was performed in patients who had no major 
protocol violation and took ≥80% of the assigned study medi-
cations. Adverse events were assessed in the safety population, 
i.e., those who received at least 1 dose of study drugs. For sta-
tistical analysis, chi-square test, Fisher’s exact test, or Cochran-
Mantel-Haenszel shift test was performed using SAS 9.4 soft-
ware (SAS Institute, Cary, NC, USA). 

In total, 66 patients (E-group, n=33; C-group, n=33) were en-
rolled from four hospitals (Asan Medical Center, Kyung Hee Uni-
versity Hospital, Soonchunhyang University Hospital, and Dong-A 
University Hospital). Thirty patients from the E-group and 31 
from the C-group were included in the ITT group. There were no 
differences between the E-group and C-group in terms of de-
mographic characteristics, baseline NIHSS, CHA2DS2-VASc score, 
HAS-BLED score, and the incidence of thrombolysis/endovas-
cular therapy (Table 1). With respect to the primary endpoint (Ta-
ble 2), DWI-identified ischemic lesions occurred at 10–14 days 
in 10 (33.3%) and 6 (19.4%) patients in the E-group and C-group, 
respectively (relative risk 1.72, 95% confidence interval: 0.72–
4.15, P=0.2147). All lesions were asymptomatic and none were 
associated with clinical deterioration. The results obtained using 
the per-protocol analysis were similar. ICH detected by GRE oc-
curred in 14 (46.7%) and 17 (54.8%) patients in E-group and 
C-group, respectively, and all were asymptomatic microbleeds 
(<1 cm in diameter). The neurological deterioration rate, recan-
alization rate, and mRS score did not differ between the groups 
(Table 2).

We found that the administration of a half-dose of edoxaban 
earlier than the conventional strategy was safe and feasible, at 
least in patients with mild to moderately severe AIS. Contrary to 
our expectations, DWI-identified ischemic lesions occurred in 
10 (33.3%) and 6 (19.4%) patients in the E-Group and C-Group, 
respectively. The prevalence of new MRI-identified lesions was 
generally in line with the findings of a previous study;5 29.5% and 

35.6% of the patients in the rivaroxaban and warfarin groups, 
respectively, had such lesions at 4 weeks. Because we focused on 
feasibility and safety in this pilot study, we administered a half-
dose, rather than full dose, of edoxaban to the E-group patients 
during the early period, which was associated with lower bleed-
ing risk than the full dose.6 The half-dose of edoxaban we used 
might have been insufficient in preventing recurrent MRI-iden-
tified ischemic lesions in these high-risk patients. Although the 
small sample size in this study did not allow us to interpret the 
results, the trend of an increased incidence of DWI-identified 
lesions in the E-group needs to be investigated in future research. 
During the process of this manuscript, a randomized trial was 
published that showed that early (≤4 days) NOAC initiation was 
non-inferior to delayed (5–10 days) initiation in patients with AIS. 

Table 1. Demographics and characteristics of patients in the modified ITT 
population 

Early initiation 
group 
(n=30)

Conventional 
initiation group 

(n=31)
P

Age (yr), mean±SD 73.9±8.9 72.7±11.6 0.6645

Female sex (%) 43.3 45.2 0.8857

Body mass index (kg/m2),  
  mean±SD

23.8±3.4 25.2±3.7 0.1170

NIHSS 0.4664

Mean±SD 6.5±5.0 5.5±4.1

Median (IQR) 5.0 (2.0–11.0) 6.0 (2.0–9.0)

CHA2DS2-VASc score, n (%) 0.8646

2 1 (3.3) 2 (6.5)

3 1 (3.3) 3 (9.7)

4 10 (33.3) 8 (25.8)

5 7 (23.3) 7 (22.6)

6 9 (30.0) 6 (19.4)

7 1 (3.3) 5 (16.1)

8 1 (3.3) 0 (0.0)

Median (IQR) 5.0 (4.0–6.0) 5.0 (4.0–6.0) 0.8710

HAS-BLED score, n (%) 0.1938

1 0 (0.0) 1 (3.2)

2 4 (13.3) 2 (6.5)

3 7 (23.3) 15 (48.4)

4 14 (46.7) 10 (32.3)

5 4 (13.3) 2 (6.5)

6 1 (3.3) 1 (3.2)

Median (IQR) 4.0 (3.0–4.0) 3.0 (3.0–4.0) 0.2014

t-PA infusion (yes) 8 (26.7) 6 (19.4) 0.4972

Endovascular therapy 6 (20.0) 3 (9.7) 0.3006

ITT, intention to treat; SD, standard deviation; NIHSS, National Institutes of 
Health Stroke Scale; IQR, interquartile range; t-PA, tissue plasminogen ac-
tivator.
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However, there were no differences in the mortality and recurrent 
stroke rates between the two groups.7 Currently, three other ran-
domized clinical trials, ELAN (Early versus Late initiation of direct 
oral Anticoagulants in post-ischaemic stroke patients with atrial 
fibrillatioN),8 OPTIMAS (OPtimal TIMing of Anticoagulation After 
Acute Ischaemic Stroke),9 and START (Optimal Delay Time to Initi-
ate Anticoagulation After Ischemic Stroke in Atrial Fibrillation)10 
are undergoing to determine the optimum start time of antico-
agulation in AF-associated AIS, which will hopefully provide more 
definitive answer.

Supplementary materials

Supplementary materials related to this article can be found 
online at https://doi.org/10.5853/jos.2023.00325.
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Supplementary Table 1. Exclusion criteria

Transient ischemic attack or severe (National Institutes of Health Stroke Scale >16) infarction

Infarcts that are not considered to be caused by atrial fibrillation (AF), or associated with two or more causes; e.g., lacunar infarction and AF, or ipsilateral 
significant (>50%) steno-occlusion and AF

Significant hemorrhagic transformation (grade I or II in European Cooperative Acute Stroke Study criteria) on screening magnetic resonance imaging (MRI)

Mechanical valve replacement or rheumatic heart disease 

Intracranial hemorrhage within 3 months of study initiation

Active internal bleeding or clinically significant bleeding 

Severe anemia (hemoglobin <10 g/dL) or hemorrhagic tendency (platelets <100,000/μL or prothrombin time/international normalized ratio >1.7);  
however, hemoglobin <9 g/dL or platelet count <70,000/μL were allowed when there was no sign of active bleeding

Bleeding-prone conditions such as recent gastric ulcer, hemorrhagic malignant tumor, recent head trauma, recent surgery on the brain, spinal cord, or the eye 

Esophageal varices, arteriovenous malformation in the brain or spinal cord, or cerebral vascular aneurysm of >3.5 mm 

Persistent systolic blood pressure (BP) >180 mm Hg or diastolic BP >110 mm Hg 

Terminal medical diseases or cancer with a life expectancy of <6 months 

Severe renal dysfunction (creatinine clearance <30 mL/min) 

Those who needed to intake drugs that are known to influence the efficacy of edoxaban, e.g., carbamazepine, dexamethasone, doxorubicin, nefazodone, 
pentobarbital, phenobarbital, prazosin, rifampin, trazodone, vinblastine

Those who could not undergo brain MRI for any reason 

Pregnant or planning pregnancy or lactation 

Participating in another clinical trial 

Those who needed to receive anticoagulants such as heparin, warfarin, or other non-vitamin K-dependent oral anticoagulants for any reason


