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BACKGROUND: The “1-3-6-12-day rule” for starting direct oral anticoagulants (DOACs) in patients with nonvalvular atrial 
fibrillation after acute ischemic stroke or transient ischemic attack recommends timings that may be later than used in clinical 
practice. We investigated more practical optimal timing of DOAC initiation according to stroke severity.

METHODS: The combined data of prospective registries in Japan, Stroke Acute Management with Urgent Risk-factor 
Assessment and Improvement-nonvalvular atrial fibrillation (September 2011 to March 2014) and RELAXED (February 
2014 to April 2016) were used. Patients were divided into transient ischemic attack and 3 stroke subgroups by the National 
Institutes of Health Stroke Scale score: mild (0–7), moderate (8–15), and severe (≥16). The early treatment group was 
defined as patients starting DOACs earlier than the median initiation day in each subgroup. Outcomes included a composite 
of recurrent stroke or systemic embolism, ischemic stroke, and severe bleeding within 90 days. Six European prospective 
registries were used for validation.

RESULTS: In the 1797 derivation cohort patients, DOACs were started at median 2 days after transient ischemic attack and 3, 4, 
and 5 days after mild, moderate, and severe strokes, respectively. Stroke or systemic embolism was less common in Early Group 
(n=785)—initiating DOACS within 1, 2, 3, and 4 days, respectively—than Late Group (n=1012) (1.9% versus 3.9%; adjusted hazard 
ratio, 0.50 [95% CI, 0.27–0.89]), as was ischemic stroke (1.7% versus 3.2%, 0.54 [0.27–0.999]). Major bleeding was similarly 
common in the 2 groups (0.8% versus 1.0%). On validation, both ischemic stroke (2.4% versus 2.2%) and intracranial hemorrhage 
(0.2% versus 0.6%) were similarly common in Early (n=547) and Late (n=1483) Groups defined using derivation data.

CONCLUSIONS: In Japanese and European populations, early DOAC initiation within 1, 2, 3, or 4 days according to stroke 
severity seemed to be feasible to decrease the risk of recurrent stroke or systemic embolism and no increase in major 
bleeding. These findings support ongoing randomized trials to better establish the optimal timing of DOAC initiation.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Anticoagulation with direct oral anticoagulants 
(DOACs) started early after acute ischemic stroke 
(IS) or transient ischemic attack (TIA) related to 

nonvalvular atrial fibrillation (NVAF) has been found 
to be associated with a decreased risk of poor clinical 
outcomes compared with warfarin in practical clinical 
settings, mainly attributed to lower risks of intracranial 
hemorrhage (ICH).1–3 However, the optimal timing for 
initiating DOACs after IS has remained unclear. Ongo-
ing randomized trials on early versus late DOAC ini-
tiation have not published their final results.4 A recent 
randomized trial comparing early apixaban initiation with 
late warfarin initiation, involving 91 patients, showed the 
safety of early apixaban.5

The “1-3-6-12-day rule” is a known consensus opinion 
with graded increase in delay of anticoagulation between 
1 and 12 days after onset of IS/TIA according to neu-
rological severity and reasonable from the perspective 
that the timing should vary according to the severity.6 
However, with increasing observational data suggesting 
that earlier initiation of DOACs might be safe, the tim-
ings of 1-3-6-12 days might be somewhat later than cur-
rently used in a real-world practical setting. In the Stroke 
Acute Management with Urgent Risk-factor Assessment 
and Improvement (SAMURAI)-NVAF registry including 
patients with acute IS/TIA of any neurological severity, 
we found that the risks for stroke, systemic embolism, 
major bleeding, and death were comparable whether 
DOACs were started within 3 days or from 4 days or later 
after the onset.7 As the 1-3-6-12-day rule set different 
timings according to neurological severity, we would be 
better to reanalyze the data by separating patients with 

different neurological severity. We hypothesized that the 
earlier days for starting DOACs were more practical for 
patients with any categories of neurological severity.

We aimed to propose a new optimal timing for initia-
tion of DOACs according to severity of IS/TIA using 2 
registries in Japan. The appropriateness of the timing 
was also externally validated using multiple registries 
from countries outside Japan.

METHODS
Data Availability
De-identified individual participant data (IPD) of the deri-
vation cohorts are available from the principal investigator 
of SAMURAI-NVAF (Toyoda) and RELAXED (Recurrent 
Embolism Lessened by rivaroxaban, an Anti-Xa agent, of Early 
Dosing for Acute Ischemic Stroke and Transient Ischemic Attack 
With Atrial Fibrillation: Minematsu) on reasonable request.

Study Population
The combined data from 2 prospective, multicenter, obser-
vational studies on NVAF patients with acute IS/TIA 
(SAMURAI-NVAF and RELAXED) were used. The design 
and main outcomes of the studies have been described else-
where.8–12 The committee members of the studies are listed in 
Table S1. The study protocol and associated documents were 
reviewed and approved by the Institutional Review Boards of 
each participating study center in both studies. Patients or 
their relatives provided written, informed consent according 
to ethical regulations.

Patients with NVAF who visited the hospital clinic within 7 
days (within 48 hours in RELAXED) of the onset of IS/TIA 
were enrolled between September 2011 and March 2014 in 
SAMURAI-NVAF and between February 2014 and April 2016 
in RELAXED. Inclusion and exclusion criteria of the studies are 
listed in Table S2. From the 2 registries, only patients who took 
DOACs after the onset of IS/TIA were enrolled in the present 
study. Patient eligibility for anticoagulant therapy and the choice 
of agents were determined by each investigator in SAMURAI-
NVAF, and dabigatran, rivaroxaban, and apixaban were avail-
able during the study period. In contrast, all patients started or 
resumed rivaroxaban within 30 days after IS/TIA in RELAXED. 
Note that the official daily dose of rivaroxaban in Japan is 15 
or 10 mg based on the results of a domestic trial,13 lower than 
that in other countries. NVAF was diagnosed on 12-lead ECG 
or 24-hour or longer monitoring for AF detection during acute 
hospitalization or from previous medical documents.

Distribution of symptomatic infarcts did not affect inclusion 
in SAMURAI-NVAF, whereas infarcts in the middle cerebral 
artery area demonstrated by diffusion-weighted imaging or TIA 
showing symptoms corresponding to this area were mandatory 
in RELAXED. Infarct size was measured locally if the longest 
diameter exceeded 15 mm in SAMURAI-NVAF and centrally 
measured and automatically quantified in RELAXED. In the 
present study, infarcts were regarded as small if the longest 
diameter was ≤15 mm in SAMURAI-NVAF and if the volume 
was ≤1.7 cm3 in RELAXED, corresponding to the volume of a 
sphere with a diameter of 15 mm.

Nonstandard Abbreviations and Acronyms

CROMIS  Clinical Relevance of Microbleeds in 
Stroke study

DOAC direct oral anticoagulant
ICH intracranial hemorrhage
IPD individual participant data
IQR interquartile range
IS ischemic stroke
NIHSS  National Institutes of Health Stroke 

Scale
NVAF nonvalvular atrial fibrillation
RELAXED  Recurrent Embolism Lessened by 

rivaroxaban, an Anti-Xa agent, of Early 
Dosing for Acute Ischemic Stroke and 
Transient Ischemic Attack With Atrial 
Fibrillation

SAMURAI  Stroke Acute Management with 
Urgent Risk-Factor Assessment and 
Improvement

TIA transient ischemic attack
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Patients were divided into 4 subgroups by neurological 
severity according to the previous European guidelines as fol-
lows: TIA as focal neurological symptoms disappearing within 
24 hours; mild IS with a National Institutes of Health Stroke 
Scale (NIHSS) score of 0 to 7; moderate IS as a score of 8 
to 15; and severe IS as a score of 16 or more.6 The NIHSS 
scores were assessed by expert stroke neurologists/neurosur-
geons. The early treatment group (Early Group) was defined 
as patients who started DOACs earlier than the median day 
of DOAC initiation in each severity subgroup, and the late 
treatment group (Late Group) as those starting DOACs at the 
median day or later.

For external validation, IPD from 3 multicenter prospec-
tive cohort studies, including Early Recurrence and Cerebral 
Bleeding in Patients With Acute Ischemic Stroke and Atrial 
Fibrillation (RAF14 and RAF-NOAC15) from 29 centers in Europe 
and Asia and CROMIS-2 (Clinical Relevance of Microbleeds in 
Stroke) study16,17 from 79 centers in the United Kingdom and 
one in the Netherlands, and 3 single-center prospective cohort 
studies from Basel,18 Verona,19 and Erlangen20 were used (Table 
S1); all of these were used for a series of pooled IPD analyses 
on early DOAC initiation together with SAMURAI-NVAF.1,21,22 
Inclusion and exclusion criteria of the studies are listed in Table 
S2. The definitions of the 4 subgroups by stroke severity and 
the 2 groups by the timing of initiating DOACs were identi-
cal with those of the derivation cohort; that is, the cutoff days 
between Early and Late Groups were the median day of initiat-
ing DOACs for the derivation cohort.

Outcome Events and Follow-Up Period
The primary efficacy outcome of the derivation cohort was 
a composite of stroke (ischemic or hemorrhagic) and sys-
temic embolism (an acute vascular occlusion of the extremi-
ties or any organ and must be documented by angiography, 
etc) within 90 days after the index IS/TIA.23 The secondary 
efficacy outcomes were IS and death within 90 days. The 
primary safety outcome was major bleeding defined by the 
International Society on Thrombosis and Hemostasis within 
90 days.24 The secondary safety outcome was any ICH 
(except for cerebral microbleeds) within 90 days. Events were 
assessed by medical record verification or self-report at the 
hospital clinic (or by telephone survey for patients with after-
effects too severe to allow a visit to the clinic).

In the validation cohort, ischemic stroke, death, and ICH 
within 90 days were the outcome events of interest, because 
data on systemic embolism and major bleeding were not avail-
able for all of the participating studies.

Statistical Analysis
Continuous variables are summarized as medians (interquar-
tile range [IQR]) and categorical variables as frequencies and 
percentages. Intergroup comparisons were performed using 
Pearson chi-squared test for categorical variables and Mann-
Whitney U test for continuous variables. The major outcomes of 
the derivation and validation cohorts are presented as Kaplan-
Meier curves. The relationship between the groups (Early or 
Late) and outcomes was examined by multivariable Cox pro-
portional hazards model analysis with adjustment for the follow-
ing prespecified covariates: sex, age, history of diabetes, stroke, 
or TIA, and infarct size (small or larger). The analysis results are 

presented as hazard ratios (HRs) with 95% CIs. In the valida-
tion analysis, the same adjusting factors were used except for 
infarct size, because its data were lacking. Missing data were 
not imputed. P<0.05 was considered significant in the adjusted 
analyses. All statistical analyses were performed using JMP 
version13.1.0; JMP software (SASInstitute, Cary, NC).

RESULTS
Of the 1192 patients in SAMURAI-NVAF and the 1309 
in RELAXED, 1808 started or resumed DOACs after the 
index IS/TIA (Figure 1A). Of these, 11 patients lacking 
the essential data were excluded. Finally, 1797 patients 
were studied (median age of 77 years, 730 women). 
Table 1 shows the patients’ baseline characteristics. Of 
these, age and the NIHSS scores were used for the 
scatter plots to ascertain the similarlity of distribution of 
the characteristics between the derivation and validation 
cohorts; their distribution was similar (Figure S1). Sixty-
seven patients had TIA, 899 had mild IS, 370 had moder-
ate IS, and 461 had severe IS. Patients’ characteristics of 
these four subgroups are shown in Table S3.

DOACs were initiated at a median of 4 days (IQR, 
2–7 days) after the index IS/TIA overall, 2 days (1–5 
days) after TIA, 3 days (2–7 days) after mild IS, 4 days 
(2–7 days) after moderate IS, and 5 days (2–9 days) 
after severe IS. Thus, a day before each median day (1, 
2, 3, and 4 days, respectively) was the cutoff to separate 
Early and Late Groups. Twenty-six TIA patients start-
ing DOACs within 1 day, 369 mild IS patients within 
2 days, 169 moderate IS patients within 3 days, and 
221 severe IS patients within 4 days belonged to Early 
Group (785 in total) and the remaining 1012 to Late 
Group. The median delay from onset to DOAC initia-
tion was 2 days (IQR, 1–2 days) in Early Group and 7 
days (4–10 days) in Late Group. Dyslipidemia, paroxys-
mal AF, AF detected after the index event, hemorrhagic 
transformation, and use of antiplatelet agents after the 
index event were less common, and small infarcts and 
performance of intravenous thrombolysis and mechani-
cal thrombectomy were more common in Early Group 
than Late Group (Table 1).

Analysis of the Derivation Cohort
The numbers of ischemic and bleeding events are shown 
in Table 2. The primary efficacy outcome of stroke/sys-
temic embolism occurred in 15 patients (1.9%) of Early 
Group and 39 (3.9%) of Late Group (adjusted hazard 
ratio, 0.50 [95% CI, 0.27–0.89]; Table 3 and Figure 2A). 
IS occurred in 13 (1.7%) and 32 (3.2%) patients, respec-
tively (0.54 [0.27–0.999]). Fifteen (1.9%) and 15 (1.5%) 
died, respectively (1.41 [0.68–2.89]). Major bleeding 
occurred in 6 (0.8%) and 10 (1.0%), respectively (0.81 
[0.28–2.19]; Figure 2B). ICH occurred in 2 (0.3%) and 4 
(0.4%) patients, respectively (0.66 [0.09–3.39]).
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Outcomes in the 4 subgroups by neurological sever-
ity are listed in Table S4. Stroke/systemic embolism 
occurred in one patient with TIA (0% in Early Group 

and 2.4% in Late Group), 33 patients with mild IS 
(2.7% and 4.3%, respectively), 5 patients with moder-
ate IS (0.6% and 2.0%, respectively), and 15 patients 

Figure 1. Study profile.
A, The derivation cohort, (B) the validation cohort. DOAC indicates direct oral anticoagulant; NIHSS, National Institutes of Health Stroke Scale; 
and TIA, transient ischemic attack.

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.036695
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with severe IS (1.8% and 4.6%, respectively). Major 
bleeding occurred in one patient with TIA (0% and 
2.4%, respectively), 5 patients with mild IS (0% and 
0.9%, respectively), 4 patients with moderate IS (1.8% 
and 0.5%, respectively), and 6 patients with severe IS 
(1.4% and 1.3%, respectively).

External Validation
Of the 4912 patients who took oral anticoagulants and 
were enrolled in the IPD meta-analysis,1 1137 recruited 
from SAMURAI-NVAF, 1559 who took vitamin-K antag-
onists, and 180 lacking baseline NIHSS data were 
excluded. Finally, 2036 patients were studied (median 
age 78 years, 1039 women, Figure 1B). Patients’ charac-
teristics are shown in Table S5. Both the CHADS2-VASc 
(median 5 versus 3) and HAS-BLED score (median 3 
versus 2) were high relative to the derivation cohort.

Of the 2036 patients, 70 had TIA, 1240 had mild IS, 
474 had moderate IS, and 252 had severe IS. DOACs 

were initiated at a median of 6 days (IQR, 3–12 days) 
after the index IS/TIA overall, 2 days (IQR, 1–3 days) 
after TIA, 5 days (IQR, 2–10 days) after mild IS, 8 days 
(IQR, 4–14 days) after moderate IS, and 8 days (IQR, 
4–14 days) after severe IS. Using the same cutoff 
days between Early and Late Groups as the deriva-
tion cohort, 27, 337, 117, and 66 patients in the 4 sub-
groups, respectively, were assigned to Early Group (547 
in total). The remaining 1489 patients belonged to Late 
Group. The median delay from onset to DOAC initiation 
was 2 days (IQR, 1–2 days) in Early Group and 8 days 
(5–14 days) in Late Group.

IS occurred in 13 patients (2.4%) of Early Group 
and 33 (2.2%) of Late Group (adjusted HR, 1.07 [95% 
CI, 0.54–2.00]; Figure 2C). Twelve (2.2%) and 32 
(2.2%) patients, respectively, died (1.07 [0.53–2.03]). 
ICH occurred in 1 (0.2%) and 9 (0.6%) patients, 
respectively (0.31 [0.02–1.65]; Figure 2D). Outcomes 
are shown by neurological severity in the 4 subgroups 
in Table S6.

Table 1. Baseline Characteristics of Patients in the Derivation Cohort

 Total (n=1797) Early group (n=785) Late group (n=1012) P value

Age, y 77 (70–84) 77 (70–84) 78 (70–84) 0.623

Women 730 (41) 314 (40) 416 (41) 0.636

Premorbid modified Rankin Scale score 0 (0–1) 0 (0–1) 0 (0–1) 0.111

Hypertension 1212 (67) 532 (68) 680 (67) 0.796

Diabetes 309 (17) 125 (16) 184 (18) 0.208

Dyslipidemia 547 (30) 207 (26) 340 (34) 0.001

History of acute coronary syndrome 125 (7) 47 (6) 78 (8) 0.155

History of stroke/TIA before index event 335 (19) 148 (19) 187 (18) 0.840

Premorbid oral anticoagulation 377 (21) 176 (22) 201 (20) 0.186

Premorbid oral antiplatelet use 364 (20) 151 (19) 213 (21) 0.343

Paroxysmal atrial fibrillation 748 (42) 284 (36) 464 (46) <0.001

AF documented before index events 892 (50) 427 (54) 465 (46) <0.001

CHADS2 score 2 (1–3) 2 (1–3) 2 (1–3) 0.696

CHADS2-VASc score 3 (2–4) 3 (2–4) 3 (2–4) 0.537

HAS-BLED score 2 (1–3) 2 (1–2) 2 (1–3) 0.215

NIHSS score at admission 6 (2–16) 8 (2–16) 6 (2–15) 0.182

Small infarct 446 (25) 223 (28) 223 (22) 0.002

Infarct only in the vertebrobasilar arterial territory 91 (5) 36 (5) 55 (5) 0.416

Hemorrhagic transformation 153 (9) 42 (5) 111 (11) <0.001

Intravenous thrombolysis 448 (25) 230 (29) 218 (22) <0.001

Endovascular therapy 234 (13) 135 (17) 99 (10) <0.001

Antiplatelet therapy after index events* 260 (14) 79 (10) 181 (18) <0.001

Days from onset to DOAC initiation, d 4 (2–7) 2 (1–2) 7 (4–10) <0.001

Type of DOACs at initiation 0.378

 Dabigatran 216 (12) 101 (13) 110 (11)  

 Rivaroxaban 1556 (87) 672 (86) 889 (88)  

 Apixaban 25 (1) 12 (2) 13 (1)  

N (%) or median (interquartile range). DOAC indicates direct oral anticoagulant; NIHSS, National Institutes of Health Stroke Scale; and 
TIA, transient ischemic attack.

*Some patients took antiplatelets until covert atrial fibrillation was detected several days after stroke onset and antiplatelets were changed 
to DOACs. Others took combined antiplatelets with DOACs for comorbid atherosclerotic disease.
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DISCUSSION
In the present study using a combined database from 2 
Japanese registries, the optimal timing for initiation of 
DOACs after NVAF-associated IS/TIA was determined 
according to neurological severity. The major new find-
ing was that graded increase in delay of anticoagulation 
between 1 and 4 days after the index IS/TIA according 
to neurological severity, that is, within 1 day after TIA, 
within 2 days after mild IS, within 3 days after moder-
ate IS, and within 4 days after severe IS (the so-called 
1-2-3-4-day rule) was associated with better efficacy 
and similar safety compared with later DOAC initiation in 
Japanese population. The similar safety and similar effi-
cacy of the rule was ascertained by external validation 
using known European registries.

In the 4 known randomized controlled trials compar-
ing each DOAC and warfarin in NVAF, patients within 
14 days after IS/TIA onset (within 7 days in ARISTO-
TLE) were excluded from the trial participants.25–28 In the 
1-3-6-12 day rule, anticoagulation was recommended 
to start 12 days after onset of severe IS (NIHSS score 

≥16) after imaging evaluation of hemorrhagic trans-
formation on the same day.6 The median initiation days 
after severe IS for both the present derivation (5 days) 
and validation (8 days) cohorts were considerably ear-
lier than 12 days in the rule. Thus, many Japanese and 
European researchers seemed to judge that DOAC ini-
tiation within 5 to 8 days after severe IS was generally 
safe. Infarct size is an established predictor for hemor-
rhagic transformation.14,29,30 In the patients with severe IS 
from SAMURAI-NVAF, 12% had a small infarct and 56% 
had a medium-sized infarct that was defined as smaller 
than one-third of the territory of the middle, anterior, 
or posterior cerebral artery or cerebellar hemisphere.8 
The median infarct size of the severe IS patients from 
RELAXED was 34.6 cm3.12 For such patients with small 
to medium-sized infarcts, 12 days would be too long to 
refrain from anticoagulation fearful of ICH. Figure 2A 
shows that occurrence of stroke and systemic embolism 
was particularly common in the initial 1 to 2 weeks. In 
addition, DOACs are short acting, and their power can be 
soon decreased after ceasing medication when hemor-
rhagic transformation occurs. A recent trial set 7 to 9 
days for starting apixaban after onset of a medium-sized 
IS and excluded a large IS from the trial.5 These guides 
seem to be safe to minimize the risk of ICH but could 
increase recurrent embolic events within the initial days 
after IS. Several observational studies and their pooled 
analyses reported earlier days of DOAC initiation around 
7 days or earlier.1–4,7 There are 4 ongoing randomized 
trials to determine the appropriate timing of DOAC ini-
tiation after stroke (TIMING, OPTIMAS, ELAN, and 
START; URL: https://www.clinicaltrials.gov; Unique iden-
tifier: NCT02961348, NCT03759938, NCT03148457, 
NCT03021928); the former 2 set the day of early DOAC 
initiation as 4 days or less regardless of neurologi-
cal severity, and the latter 2 set different times of early 
DOAC initiation by severity: at 6 days in ELAN and 6 to 
21 days in START for severe IS.4 The present setting of 
comparing events after severe IS before and after 4 days 
was even earlier than ELAN and START.

Table 2. Types of Events in the Derivation Cohort

 
Early group 
(n=785)

Late group 
(n=1012)

Ischemic events

Ischemic stroke 13 (1.7) 32 (3.2)

 Transient ischemic attack 1 (0.1) 5 (0.5)

 Systemic embolism 0 (0) 4 (0.4)

 Acute coronary syndrome 1 (0.1) 2 (0.2)

  Venous thromboembolism/ pulmonary 
embolism

1 (0.1) 0 (0)

Bleeding events

 Intracerebral hemorrhage 1 (0.1) 3 (0.3)

 Subarachnoid hemorrhage 1 (0.1) 1 (0.1)

 Subdural hemorrhage 0 (0) 0 (0)

 Other major bleeding 4 (0.5) 6 (0.6)

N (%).

Table 3. Efficacy and Safety Outcomes

 Early group N (%) Late group N (%)
Crude hazard ratio 
(95% CI)

Adjusted hazard ratio 
(95% CI) P value

Derivation cohort N=785 N=1012    

 Stroke/systemic embolism 15 (1.9) 39 (3.9) 0.49 (0.26–0.87) 0.50 (0.27–0.89) 0.019

 Ischemic stroke 13 (1.7) 32 (3.2) 0.52 (0.26–0.96) 0.54 (0.27–0.999) 0.0497

 Death 15 (1.9) 15 (1.5) 1.30 (0.63–2.67) 1.40 (0.68–2.89) 0.362

 Major bleeding 6 (0.8) 10 (1.0) 0.77 (0.26–2.08) 0.81 (0.28–2.19) 0.687

 Intracranial hemorrhage 2 (0.3) 4 (0.4) 0.64 (0.09–3.30) 0.66 (0.09–3.39) 0.623

Validation cohort N=547 N=1489    

 Ischemic stroke 13 (2.4) 33 (2.2) 1.07 (0.55–1.99) 1.07 (0.54–2.00) 0.828

 Death 12 (2.2) 32 (2.2) 1.01 (0.50–1.92) 1.07 (0.53–2.03) 0.847

 Intracranial hemorrhage 1 (0.2) 9 (0.6) 0.30 (0.02–1.61) 0.31 (0.02–1.65) 0.195

Adjustment for sex, age, history of diabetes, stroke, or TIA, and infarct size (small or larger).

https://www.clinicaltrials.gov
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This was a nonrandomized study, and patients’ char-
acteristics varied to some extent between Early and Late 
Groups. A lower percentage of AF documented before the 
index events in Late Group was a natural reason for the 
delayed DOAC initiation. It is interesting that Early Group 
more frequently had patients undergoing acute reperfu-
sion therapies. Post-therapeutic ICH must have been 
carefully excluded before starting early DOACs since it 
is an essential complication of reperfusion therapies. One 
should also note that patients with very high admission 
NIHSS scores and those with huge size of infarcts were 
rarely included in either Early or Late Group, since patients 
with very severe stroke for whom poststroke anticoagula-
tion was regarded to be risky were not enrolled. In addi-
tion, warfarin tended to be chosen more frequently than 
DOACs for severely disturbed patients partly because 
of economic problems. In SAMURAI-NVAF, 65% of the 
patients with the discharge modified Rankin Scale score 
of 3 to 4 and 91% of the patients with the score of 5 who 
required anticoagulation were treated with warfarin.8

Both the risks of stroke/systemic embolism and IS 
were halved in Early Group compared with Late Group 
presumably mainly because of prevention of recurrent 
thromboembolism within the initial days. In addition, high-
risk patients for both ischemia and bleeding that caused 
us to hesitate in giving early anticoagulation might 
more commonly have belonged to Late Group, although 
CHADS2-VASc and HAS-BLED scores were similar 
between the groups. Mortality was similar between the 
groups; in SAMURAI-NVAF the leading cause of death 
was not bleeding or cardiovascular disease but infec-
tion.9 Major bleeding occurred in 0.8% to 1.0% and ICH 
occurred in 0.3% to 0.4% over 90 days in both groups. 
The prevalence was not as high as compared with a 
meta-analysis of patients with previous IS/TIA, mainly 
chronic, from the 3 major randomized trials, where major 
bleeding occurred in 5.4% and ICH in 0.9% of patients 
receiving DOACs during median 1.8 to 2.0 years.31

External validation using a large European popula-
tion with an almost even choice among dabigatran, 

Figure 2. Kaplan-Meier analysis of outcomes.
The Kaplan-Meier curves for the time to the first event of stroke or systemic embolism (A) and major bleeding (B) for the derivation cohort and 
that of ischemic stroke (C) and intracranial hemorrhage (D) in the validation cohort are shown. NIHSS indicates National Institutes of Health 
Stroke Scale.
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rivaroxaban, and apixaban resolved the limitation of the 
derivation cohort to some extent that was composed only 
of Japanese patients with more frequent use of rivaroxa-
ban than other DOACs. Overall, 27% (547/2036) of the 
validation patients started DOACs within the 1-2-3-4-
day cutoff, and this early group showed a low prevalence 
of ICH (0.2% versus 0.7% in Late Group). Although 
both the derivation and validation population were non-
randomized, the present results show that ICH within 3 
months after onset in patients with IS/TIA was rare in 
case of early initiation of DOACs chosen by expert stroke 
physicians based on their judgment that the early use 
was not risky.

Some factors listed in the 1-3-6-12 day rule as favor-
ing early or delayed initiation of oral anticoagulation, 
including cardiac thrombi on ultrasound, necessity for 
major surgical intervention, hemorrhagic transformation, 
neurological instability, ageing, and uncontrol of blood 
pressure were not assessed here,6 because the present 
purpose was to propose an optimal timing for initiation 
of DOACs simply only using NIHSS scores. In the real 
clinical setting, it is essential to determine the timing 
by adding these factors in consideration. Findings from 
brain CT or MRI and those from echocardiography would 
be especially important. Since infarct size is an estab-
lished predictor for hemorrhagic transformation as stated 
above,14,29,30 it would be better to determine the timing 
for starting DOACs based on the combined information 
of NIHSS scores and infarct size. Anticoagulation should 
be avoided if parenchymal hemorrhage is identified. In 
this study, hemorragic transformation was less common 
in Early Group than Late Group. In SAMURAI-NVAF, 
DOACs were initiated in median 3 days after onset of 
small-size infarction (the longest diameter ≤15 mm), 4 
days after onset of medium-size infarction, and 6 days 
after onset of large-size infarction (larger than one-third 
of the arterial territory).8 In RELAXED, DOACs were initi-
ated in median 2.9 days after onset of small-size infarc-
tion (<4.0 cm3), 2.9 days after onset of medium-size 
infarction (4.0–22.4 cm3), and 5.8 days after onset of 
large-size infarction (≥22.5 cm3).12 Intracardiac thrombi 
detected on ultrasound were associated with the risk 
of recurrent ischemic stroke overall (adjusted HR, 2.35 
[95% CI, 1.07–5.16]) in the pooled IPD from the East-
Asian Ischemic Stroke Patients with Atrial Fibrillation 
(EAST-AF) registry and SAMURAI-NVAF.32 Thus, one 
should consider earlier initiation of anticoagulation than 
usual once the thrombi was detected. Other echocar-
diographic findings such as left ventricular dysfunction 
would be potential factors to consider earlier initiation of 
DOACs. However, further review will be essential to start 
DOACs earlier than the 1-2-3-4-day cutoff for patients 
with thrombi since this cutoff is so early.

The present study has important limitations in addition 
to the above ones. First, and crucially, all of the stud-
ies used for derivation or validation were nonrandomized. 

Only the patients for whom considered clinically safe 
were enrolled. The choice of anticoagulants depended 
on the discretion of the physicians in charge except for 
RELAXED. Second, the present 1-2-3-4-day rule can-
not be applied to patients with very severe stroke for 
whom poststroke anticoagulation seems to be risky, 
since such patients were not enrolled in the derivation 
or validation cohort. Third, low doses of rivaroxaban 
approved in Japan (15 or 10 mg daily) might affect the 
prevalence of events although the approval was based 
on the unique pharmacokinetics in Japanese subjects 
showing higher rivaroxaban exposure than Whites when 
using the same dosage.13,33 Fourth, data on edoxaban, 
another DOAC, were scarce. Other limitations inherent 
in SAMURAI-NVAF or RELAXED, including low preva-
lence of events and the effect of combined therapy such 
as acute reperfusion therapy, heparin-bridging, and con-
comitant use of antiplatelets, have been described in 
detail elsewhere.8–10,12

Early anticoagulation after stroke has been a long-
standing question needing a balance between the ben-
efit of preventing early recurrent thromboembolism and 
the risk of triggering ICH. Of note, warfarin even showed 
a paradoxical increase in the risk of IS in the first 7 days 
of use probably because of a transient hypercoagulable 
state caused by deactivation of protein C and protein 
S.34 DOACs have the major potential advantage of lower 
intracranial bleeding risk. The present “1-2-3-4-day 
rule” seem to be feasible in the real-world clinical set-
ting by careful exclusion of patients with factors favor-
ing delayed initiation of anticoagulation such as huge 
infarcts, hemorrhagic transformation of infarcts, and 
uncontrolled hypertension.6 However, given the poten-
tial for bias and confounding inherent in observational 
hospital-based studies, data from ongoing randomized 
trials will be essential to guide any change in clinical 
practice or guidelines.4
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