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ABSTRACT

BACKGROUND

The effect of early as compared with later initiation of direct oral anticoagulants
(DOACs) in persons with atrial fibrillation who have had an acute ischemic stroke
is unclear.

METHODS

We performed an investigator-initiated, open-label trial at 103 sites in 15 countries.
Participants were randomly assigned in a 1:1 ratio to early anticoagulation (within
48 hours after a minor or moderate stroke or on day 6 or 7 after a major stroke) or
later anticoagulation (day 3 or 4 after a minor stroke, day 6 or 7 after a moderate
stroke, or day 12, 13, or 14 after a major stroke). Assessors were unaware of the
trial-group assignments. The primary outcome was a composite of recurrent ische-
mic stroke, systemic embolism, major extracranial bleeding, symptomatic intracranial
hemorrhage, or vascular death within 30 days after randomization. Secondary out-
comes included the components of the composite primary outcome at 30 and 90 days.

RESULTS

Of 2013 participants (37% with minor stroke, 40% with moderate stroke, and 23%
with major stroke), 1006 were assigned to early anticoagulation and 1007 to later
anticoagulation. A primary-outcome event occurred in 29 participants (2.9%) in
the early-treatment group and 41 participants (4.1%) in the later-treatment group
(risk difference, —1.18 percentage points; 95% confidence interval [CI], —2.84 to
0.47) by 30 days. Recurrent ischemic stroke occurred in 14 participants (1.4%) in
the early-treatment group and 25 participants (2.5%) in the later-treatment group
(odds ratio, 0.57; 95% CI, 0.29 to 1.07) by 30 days and in 18 participants (1.9%)
and 30 participants (3.1%), respectively, by 90 days (odds ratio, 0.60; 95% CI, 0.33
to 1.06). Symptomatic intracranial hemorrhage occurred in 2 participants (0.2%)
in both groups by 30 days.

CONCLUSIONS
In this trial, the incidence of recurrent ischemic stroke, systemic embolism, major
extracranial bleeding, symptomatic intracranial hemorrhage, or vascular death at
30 days was estimated to range from 2.8 percentage points lower to 0.5 percentage
points higher (based on the 95% confidence interval) with early than with later
use of DOACs. (Funded by the Swiss National Science Foundation and others;
ELAN ClinicalTrials.gov number, NCT03148457.)
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NTICOAGULATION WITH DIRECT ORAL

anticoagulants (DOACs) reduces the risk

of ischemic stroke and systemic embo-
lism among persons with atrial fibrillation.!
However, whether the timing of DOAC initiation
influences the risks of stroke recurrence and
bleeding after an acute ischemic stroke is unclear.
Early initiation may increase the risk of intracra-
nial hemorrhage, whereas later initiation may
increase the risk of early stroke recurrence.!?

The risk of both recurrent ischemic stroke
and intracranial hemorrhage is highest in the
first few days after acute ischemic stroke, and
although studies and small randomized trials
suggest that early use of DOACs may be safe,>”
these investigations have had selection bias or
small sample sizes. Given the lack of high-
quality evidence, guideline recommendations
regarding the timing of initiation of anticoagu-
lation have varied. Some recommendations sug-
gest initiation of anticoagulation at 1, 3, 6, or 12
days after a transient ischemic attack or after a
minor, moderate, or severe ischemic stroke, re-
spectively (the “1-3-6-12—day rule”).® This guid-
ance, which has been based on the observation
that the risk of hemorrhagic transformation is
related to infarct size,>! is followed in many
countries.>*? A neuroimaging-based risk-strat-
ification approach may help to minimize the
risk of intracranial hemorrhage.”'

We conducted the Early versus Late Initiation
of Direct Oral Anticoagulants in Post-ischemic
Stroke Patients with Atrial Fibrillation (ELAN)
randomized trial, which aimed to estimate the
safety and efficacy of early initiation of DOACs
as compared with later, guideline-based initia-
tion, using imaging-based selection criteria in
persons who have had a recent stroke and have
atrial fibrillation.

METHODS

TRIAL DESIGN AND OVERSIGHT

This international trial was overseen by Univer-
sity Hospital Bern and funded by the Swiss Na-
tional Science Foundation and others. The trial
protocol has been published previously’® and is
available with the full text of this article at
NEJM.org. The protocol was approved by all re-
sponsible ethics committees and, if applicable,
by the regulatory authorities in the countries in
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which the trial was conducted. The participant,
next of kin or another legal representative, or an
independent physician provided written informed
consent before enrollment, according to country-
specific requirements. The trial was conducted
in accordance with the Good Clinical Practice
guidelines of the International Council for Har-
monisation E6 requirements and the Declaration
of Helsinki.

The trial design, analysis, and data collection
were overseen by a steering committee (see the
Supplementary Appendix, available at NEJM.org).
Site investigators gathered the data. Data analy-
sis was performed by a trial statistician (the
fourth author) who attests to the integrity of the
analyses and the accuracy and completeness of
the reported data. The steering committee and
all the investigators vouch for the accuracy and
completeness of the data, the fidelity of the trial
to the protocol, and the accurate reporting of
adverse events. The funding bodies had no role
in the trial design; the collection, monitoring,
analysis, or interpretation of the data; or the
writing of the manuscript. There was no indus-
try involvement in the trial.

PARTICIPANTS

The trial was conducted at 103 stroke centers in
Europe, the Middle East, and Asia. Participants
were eligible if they had had an ischemic stroke
that had occurred within the time frames de-
scribed below in the Trial Treatment section and
if they had permanent, persistent, or paroxysmal
nonvalvular atrial fibrillation or atrial fibrillation
diagnosed during hospitalization for the stroke.
To the best of our knowledge, all the partici-
pants with stroke were hospitalized.

Ischemic stroke was defined as evidence of
acute cerebral infarction on magnetic resonance
imaging (MRI) or computed tomography (CT) or
as a clinical diagnosis of ischemic stroke with
symptoms lasting more than 24 hours, con-
firmed by an investigator on the basis of a CT or
an MRI scan that excluded other causes. Infarct
size (minor, moderate, or major) was deter-
mined by the site investigators on the basis of
imaging performed before randomization, with
the use of a standardized visual rating scheme.’>"
An infarct of 1.5 cm or smaller was defined as
minor; an infarct in the distribution of a cortical
superficial branch of the middle, anterior, or
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posterior cerebral artery was defined as moder-
ate; and larger infarcts in the distribution of
these arteries or a brain-stem or cerebellar in-
farct larger than 1.5 cm were defined as major
(Table S13 and Fig. S5 in the Supplementary
Appendix).

Intravenous thrombolysis or thrombectomy
before randomization was allowed, but thera-
peutic anticoagulation at stroke onset was not
allowed, with the exception of prophylactic ad-
ministration of low-molecular-weight heparin
for the prevention of venous thromboembolism.
Petechial hemorrhage within infarcted brain tis-
sue was not an exclusion criterion for enroll-
ment, but confluent parenchymal hematoma
within infarcted brain tissue or intracranial
hemorrhage remote from infarcted tissues was
not allowed. Detailed eligibility criteria are pro-
vided in the protocol.

TRIAL TREATMENT
Participants were randomly assigned in a 1:1
ratio with the use of a centralized Web-based
system to early initiation of DOAC or later ini-
tiation of DOAC. A deterministic minimization
method'® was used with the following stratifica-
tion factors: age (<70 years or 270 years), infarct
size (minor, moderate, or major), National Insti-
tutes of Health Stroke Scale (NIHSS) score (<10
or >10; range, 0 to 44, with higher scores indi-
cating greater neurologic deficits), and trial site.
Any DOAC with marketing authorization for
the prevention of stroke and systemic embolism
in the trial-site country was allowed, at the ap-
propriate dose. Early treatment was defined as
initiation of a DOAC within 48 hours after
stroke onset in participants with minor or mod-
erate stroke and on day 6 or 7 in those with
major stroke. Later treatment was defined as
initiation of a DOAC in participants with a mi-
nor stroke on day 3 or 4 after stroke onset, in
participants with a moderate stroke on day 6 or
7, and in participants with a major stroke on day
12, 13, or 14. Participants in both groups con-
tinued to receive stroke care according to local
standards.

OUTCOMES
The primary outcome was a composite of recur-
rent ischemic stroke, systemic embolism, major
extracranial bleeding, symptomatic intracranial

hemorrhage, or vascular death within 30 days
after randomization. Potential outcome events
were identified through standardized telephone
interviews by an assessor who was unaware of
the trial-group assignments. When a potential
event was detected, it was verified from the
medical records by local investigators. An inde-
pendent clinical events committee whose mem-
bers were unaware of the trial-group assign-
ments reviewed all potential outcome events for
final adjudication. The clinical events committee
classified deaths as having a vascular or nonvas-
cular cause (see the Supplementary Appendix).

Secondary outcomes assessed at 30 and 90
days were the following: recurrent ischemic
stroke, systemic embolism, major extracranial
bleeding, symptomatic intracranial hemorrhage,
vascular death, nonmajor bleeding, death from any
cause, a binary outcome of a score of 0 to 2 versus
3 to 6 on the modified Rankin scale (a 7-point
scale with a range from 0 to 6; scores of 0, 1,
and 2 indicate slight or no disability and a score
of 6 indicates death), and an ordinal shift in the
distribution of scores on the modified Rankin
scale between the two trial groups. The modi-
fied Rankin scale score at 90 days was obtained
during a clinical visit or by a structured tele-
phone interview. Major extracranial bleeding was
defined as the occurrence of a decrease in the
hemoglobin level of at least 2 g per deciliter over
a 24-hour period, transfusion of 2 or more units
of packed red cells, or bleeding in a critical part
of the body (intraspinal, intraocular, pericardial,
intraarticular, intramuscular with compartment
syndrome, or retroperitoneal) associated with a
symptomatic clinical presentation.”” These indi-
vidual components of major extracranial bleed-
ing were also secondary end points. Adverse
events were assessed for up to 90 days. The in-
cidence of composite primary-outcome events at
day 90 was not prespecified as a secondary out-
come, so these results should be considered ex-
ploratory.

STATISTICAL ANALYSIS

The main aim of the trial was to estimate the
effect of early initiation as compared with later
initiation of anticoagulation and to estimate the
degree of precision of these estimates. There-
fore, no statistical hypotheses as to superiority,
inferiority, or noninferiority were tested. The sam-
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ple size was calculated on the basis of the width
of the expected confidence interval. With 1802
participants, we assumed that a primary-outcome
event would occur in 5.0% of the participants in
the control group (the later-treatment group)
and 4.5% of those in the experimental group
(the early-treatment group) within 30 days, and
the expected width of the 95% confidence inter-
val for the between-group difference would be at
least 2.0 percentage points. This interval served
as an anchor for planning but not as a noninfe-
riority margin. To account for possible missing
outcome data, we planned to enroll 2000 par-
ticipants.

The primary analysis, which was based on the
modified intention-to-treat principle (because of
exclusion of one trial site, incorrect enrollment,
or declined consent), involved all the enrolled
participants according to their assigned treat-
ment group who were not excluded. In the analy-
sis of adverse events, which involved the partici-
pants according to the treatment they actually
received, we estimated the safety of receiving at
least one dose of early DOACs as compared with
later DOACs. All stratification factors except trial
site were included as covariates in all models.

The primary composite outcome was ana-
lyzed with the use of a penalized logistic-regres-
sion model to account for low event rates.”® The
risk difference with 95% confidence intervals
was derived from the estimated odds ratio and
its standard error. Outcomes for the participants
who died from nonvascular causes without a
preceding primary-outcome event were set to
missing. Missing outcome data were imputed
with the use of multivariate multiple imputation
by chained equations for 50 imputed data sets
on the basis of assignment and stratification
factors. To support the interpretation of results,
we performed a post hoc analysis using ex-
changeably weighted bootstrapping (with expo-
nential weights) to calculate probabilities of
early treatment being below a specific risk dif-
ference. This bootstrapping scheme used non-
zero weights instead of resampling to avoid the
problem of having no events in resamples.

Secondary binary outcomes were analyzed in
the same way as the primary outcome, with the
use of penalized logistic regression (dichoto-
mized scores on the modified Rankin scale).
Ordinal scores on the modified Rankin scale
were analyzed with the use of ordinal logistic

regression. Binary outcomes were also analyzed
as time-to-event outcomes with the use of penal-
ized survival models® to estimate cause-specific
hazard ratios and nonparametric cumulative in-
cidence, from which risk differences and the
odds ratio were calculated. For the primary out-
come only, subgroup analyses were performed
for the stratification factors by introducing an
interaction term with the treatment. Adverse
events were summarized according to treatment
group, as frequencies of participants with at
least one event and the incidence rate.

Confidence intervals reflecting uncertainty in
the estimates were not adjusted for multiplicity;
therefore, they should not be interpreted as hy-
pothesis tests. Full details of the statistical
analyses are provided in the Supplementary Ap-
pendix.

RESULTS

PARTICIPANTS AND TREATMENT
A total of 36,643 participants were screened and
2032 participants were enrolled at 103 sites in 15
countries between November 6, 2017, and Sep-
tember 12, 2022. The distribution between the
trial groups is shown in Figure 1 and Figure S6.
Of these participants, 19 were excluded from the
analysis; of these 19 participants, 13 had been
enrolled at a trial site that had to be closed pre-
maturely because of nonadherence to Good
Clinical Practice guidelines, 5 declined to pro-
vide post hoc consent, and 1 underwent random-
ization twice (on the same occasion). This re-
sulted in 2013 participants in the modified
intention-to-treat population, 1006 of whom
were assigned to early treatment and 1007 of
whom were assigned to later treatment. Treat-
ment was started according to the protocol in
949 participants in the early-treatment group
and 935 participants in the later-treatment group.
One participant in the early-treatment group was
lost to follow-up at 30 days, and 2 participants
in each group were lost to follow-up at 90 days.
Baseline demographic and clinical character-
istics were similar in both treatment groups
(Table 1). The median age was 77 years (inter-
quartile range, 70 to 84), 915 participants (45%)
were female, and the median NIHSS score was 5
(interquartile range, 2 to 11) at admission and 3
(interquartile range, 1 to 6) at randomization.
According to imaging criteria, 38% of the par-
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2032 Participants underwent randomization

19 Were excluded
5 Declined to provide post hoc
consent
13 Were at a site that was

nonadherent to Good Clinical
Practice guidelines

1 Underwent randomization
twice in error

2013 Were included in the modified
intention-to-treat population

1006 Were assigned to early DOAC treatment
949 Received assigned treatment
8 Did not start treatment
49 Had treatment started outside
planned window

1007 Were assigned to later DOAC treatment
935 Received assigned treatment
16 Did not start treatment
56 Had treatment started outside
planned window

24 Died
8 Withdrew consent
1 Was lost to follow-up

22 Died
6 Withdrew consent

973 Were included in the 30-day follow-up

979 Were included in the 30-day follow-up

21 Died
1 Withdrew consent -
2 Were lost to follow-up

27 Died
4 Withdrew consent
2 Were lost to follow-up

A

949 Were included in the 90-day follow-up

946 Were included in the 90-day follow-up

:

:

1006 Were included in the primary analysis
22 Had data imputed
8 Withdrew consent
1 Was lost to follow-up
13 Died from nonvascular cause

1007 Were included in the primary analysis
16 Had data imputed
5 Withdrew consent
11 Died from nonvascular cause

Figure 1. Randomization and Follow-up of the Participants in the Modified Intention-to-Treat Population.

The modified intention-to-treat population included all the participants who underwent randomization and were
not subsequently excluded. One death (in the later-treatment group) that occurred at day 99 after randomization is
shown here because it was a consequence of an ongoing serious adverse event during the last visit. It is not count-
ed in the secondary outcomes. DOAC denotes direct oral anticoagulant.

ticipants in the early-treatment group and 37%
in the later-treatment group had had a minor
stroke; 40% and 39%, respectively, had had a
moderate stroke; and 23% in each group had
had a major stroke. The representativeness of
the trial participants is summarized in Table
S12. Approximately 50% of the participants were
receiving aspirin at the time of screening. De-
tails of the imaging findings at baseline are

provided in Table S1, and details regarding the
DOACs used and doses are provided in Table S2.

PRIMARY OUTCOME

Primary-outcome data were available for 1975 of
2013 participants (98%). A primary-outcome
event occurred in 29 participants (2.9%) in the
early-treatment group and in 41 participants
(4.1%) in the later-treatment group. The estimated
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Table 1. Characteristics of the Participants at Baseline.*

Characteristic

Median age (IQR) —yr

Female sex — no. (%)

Region — no. (%)
Central Europe
United Kingdom and Ireland
Israel
India
Japan

Medical history — no. (%)
Ischemic stroke
Transient ischemic attack
Systemic embolism
Hypertension
Myocardial infarction
Diabetes

Median CHA,DS -VASc score (IQR) 7

0-2
3-5
Stroke severity according to infarct size — no. (%)
Minor
Moderate
Major
NIHSS score — median (IQR)§
At admission9
At time of randomization
Initial treatment for stroke — no./total no. (%)9
Thrombolysis

Thrombectomy

Prestroke score on the modified Rankin scale — no./total no. (%)

Early-Treatment Later-Treatment
Group Group
(N=1006) (N=1007)
77 (70-84) 78 (71-84)
459 (45.6) 456 (45.3)
615 (61.1) 618 (61.4)
249 (24.8) 250 (24.8)
17 (1.7) 17 (1.7)

26 (2.6) 29 (2.9)

99 (9.8) 93 (9.2)
128 (12.7) 140 (13.9)
45 (4.5) 51 (5.1)

19 (1.9) 31(3.1)
690 (68.6) 673 (66.8)
80 (8.0) 87 (8.6)
185 (18.4) 161 (16.0)

5 (4-6) 5 (4-6)
889/1005 (88.5) 898/1006 (89.3)
116/1006 (11.5) 108/1007 (10.7)
378 (37.6) 374 (37.1)
399 (39.7) 397 (39.4)
229 (22.8) 236 (23.4)

5 (2-12) 5 (2-11)

3 (1-6) 3 (1-6)
391/986 (39.7) 377/987 (38.2)
207/986 (21.0) 232/987 (23.5)

* QR denotes interquartile range.
T The CHA,DS -VASc score (an assessment of the risk of st

roke among patients with atrial fibrillation according to con-

gestive heart failure, hypertension, age >75 years, diabetes, stroke or transient ischemic attack, vascular disease, age 65

to 74 years, and sex) ranges from 0 to 9, with 0 indicating

no risk and 9 indicating a very high stroke risk.

i Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with 0 indicating no deficits and a
higher score indicating more severe neurologic symptoms.

§ Scores on the modified Rankin scale range from 0 (no symptoms) to 6 (death).

§ Data on NIHSS scores at admission were missing for 25 participants in the early-treatment group and 24 participants

in the later-treatment group.

odds ratio for a primary-outcome event in the
early-treatment group as compared with the later-
treatment group was 0.70 (95% confidence in-
terval [CI], 0.44 to 1.14), and the derived risk
difference was —1.18 percentage points (95%
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CI, —2.84 to 0.47) (Fig. 2). Death from non—
vascular causes before 30 days occurred in
13 participants in the early-treatment group
and in 11 participants in the later-treatment

group.
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Early-Treatment Later-Treatment

Outcome within 90 Days
no. of events (%,

Group Group Adjusted Risk Difference
Outcome within 30 Days (N=984) (N=991) (95% ClI)
no. of events (%) percentage points

Primary-outcome event 29 (2.9) 41 (4.1) —I—E— -1.18 (-2.84 t0 0.47)
Major extracranial bleeding 3(0.3) 5 (0.5) —a— -0.25 (-0.90 to 0.41)
Symptomatic intracranial hemorrhage 2(0.2) 2(0.2) —a— 0.01 (-0.52 to 0.53)
Recurrent ischemic stroke 14 (1.4) 25 (2.5) —_— -1.14 (-2.41 t0 0.13)
Systemic embolism 4 (0.4) 9 (0.9) —I—E— -0.55 (-1.34 to 0.23)
Death from vascular cause 11 (1.1) 10 (1.0) — 0.13 (-0.84 to 1.09)

T T T T 1

-3.0 -1.5 0.0 1.5 3.0
Early Later
Treatment Better ~ Treatment Better
B

Early-Treatment Later-Treatment
Group Group
(N=968) (N=

Primary-outcome event 36 (3.7) 54 (5.6) —B——— -1.92 (-3.82 to -0.02)
Major extracranial bleeding 3(0.3) 8 (0.8) —a— -0.61 (-1.37 to 0.14)
Symptomatic intracranial hemorrhage 2(0.2) 2(0.2) —*— 0.00 (-0.54 to0 0.53)
Recurrent ischemic stroke 18 (1.9) 3031) ——a—— -1.29 (-2.72t0 0.13)
Systemic embolism 4 (0.4) 10 (1 0) —I—E— -0.70 (-1.53 to 0.13)
Death from vascular cause 17 (1.8) 6 (1.7) —_— 0.07 (-1.13 to 1.27)
T T T T 1
-3.0 -1.5 0.0 15 3.0
Early Later

Adjusted Risk Difference
965) (95% Cl)

) percentage points
!

Treatment Better ~ Treatment Better

Shown are point estimates (squares) and two-sided 95%

of DOAC). The absolute and relative numbers of events i
a penalized logistic regression adjusted for stratification

Figure 2. The Primary Composite Outcome and Its Components at 30 and 90 Days.

fect, which was defined as a risk difference between the trial groups (early initiation of DOAC minus later initiation

justed for multiple comparisons, and the reported confidence intervals should not be used for hypothesis testing.

confidence intervals (horizontal bars) for the treatment ef-

n each group are shown. The risk difference is derived from
factors. The widths of the confidence intervals were not ad-

SECONDARY OUTCOMES
Major extracranial bleeding by 30 days after ran-
domization occurred in 3 participants (0.3%) in
the early-treatment group and 5 participants
(0.5%) in the later-treatment group (odds ratio,
0.63; 95% CI, 0.15 to 2.38). Symptomatic intra-
cranial hemorrhage by 30 days occurred in 2 par-
ticipants (0.2%) in both groups (odds ratio, 1.02;
95% CI, 0.16 to 6.59). Recurrent ischemic stroke
by 30 days occurred in 14 participants (1.4%) in
the early-treatment group and 25 participants
(2.5%) in the later-treatment group (odds ratio,
0.57; 95% CI, 0.29 to 1.07) (Table 2 and Fig. 2).

The incidence of a composite-outcome event
(recurrent ischemic stroke, systemic embolism,
major extracranial bleeding, symptomatic intra-
cranial hemorrhage, or vascular death) at 90
days was 3.7% in the early-treatment group and

N ENGL ) MED 388,26

5.6% in the later-treatment treatment group
(odds ratio, 0.65; 95% CI, 0.42 to 0.99); this was
not prespecified as a secondary outcome, so
these results should be considered exploratory.
The cumulative rates of recurrent ischemic stroke
at 90 days were 1.9% in the early-treatment
group and 3.1% in the later-treatment group
(odds ratio, 0.60; 95% CI, 0.33 to 1.06). The in-
cidence of symptomatic intracranial hemorrhage
was 0.2% in both groups (odds ratio, 1.00; 95%
CI, 0.15 to 6.45). Other secondary outcomes at
30 and 90 days are shown in Table 2 and Table
S6. Time-to-event analyses of binary outcomes,
including recurrent ischemic stroke through 90
days, are shown in Table S8. Figure S1 shows the
cumulative probabilities for risk-difference thresh-
olds for the primary outcome and its compo-
nents. The curve in Figure S1A indicates a 98%
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Table 2. Primary and Secondary Efficacy Outcomes.
Early-Treatment Later-Treatment
Group Group Adjusted Odds Ratio
Outcome (N=1006) (N=1007) (95% Cl)*
no. /total no. (%)
Primary outcome: composite outcome 29/1006 (2.9)7 41/1007 (4.1)F 0.70 (0.44 to 1.14)F
at 30 days
Secondary outcomes at 30 days
Major extracranial bleeding 3/984 (0.3) 5/991 (0.5) 0.63 (0.15 to 2.38)
Symptomatic intracranial hemorrhage 2/984 (0.2) 2/991 (0.2) 1.02 (0.16 to 6.59)
Recurrent ischemic stroke 14/984 (1.4) 25/991 (2.5) 0.57 (0.29 to 1.07)
Systemic embolism 4/984 (0.4) 9/991 (0.9) 0.48 (0.14 to 1.42)
Vascular death 11/984 (1.1) 10/991 (1.0) 1.12 (0.47 to 2.65)
Nonmajor bleeding 30/984 (3.0) 27/991 (2.7) 1.13 (0.67 to 1.93)
Modified Rankin scale score <2§ 624/997 (62.6) 626/1000 (62.6) 0.93 (0.79 to 1.09)
Secondary outcomes at 90 days
Major extracranial bleeding 3/968 (0.3) 8/965 (0.8) 0.40 (0.10 to 1.31)
Symptomatic intracranial hemorrhage 2/968 (0.2) 2/965 (0.2) 1.00 (0.15 to 6.45)
Recurrent ischemic stroke 18/968 (1.9) 30/965 (3.1) 0.60 (0.33 to 1.06)
Systemic embolism 4/968 (0.4) 10/965 (1.0) 0.42 (0.12 to 1.21)
Vascular death 17/968 (1.8) 16/965 (1.7) 1.04 (0.52 to 2.08)
Death from any cause€ 45/994 (4.5) 48/995 (4.8) 0.93 (0.61 to 1.43)
Nonmajor bleeding 39/968 (4.0) 41/965 (4.2) 0.94 (0.59 to 1.47)
Modified Rankin scale score <2§ 659/989 (66.6) 654/994 (65.8) 0.93 (0.79 to 1.09)
Any serious adverse event|| 132/947 (13.9) 157/993 (15.8)

*

“ The analyses were stratified according to or adjusted for age, NIHSS score at admission, and infarct size. The widths

of the 95% confidence intervals (Cls) were not adjusted for multiple comparisons and should therefore not be used for

inference about treatment effects.

the later-treatment group were imputed.

i For the estimation of the primary outcome, data on 22 participants in the early-treatment group and 16 participants in

1 The between-group risk difference for the primary outcome was -1.18 percentage points (-2.84 to 0.47).
§ The modified Rankin scale was analyzed with the use of ordinal logistic regression, and the incidences and percentages

shown are the values of 2 or less.

9§ One death occurred at day 99 after randomization; therefore, it is not counted in the secondary outcomes.
| An odds ratio was not provided for this outcome because it was not calculated with the same methods used to calculate

the other outcomes.

probability that early treatment with DOACs
would increase the risk of a primary-outcome
event by no more than 0.5 percentage points,
and Figure S1B shows these probabilities for the
components of the primary outcome.

SAFETY

Any serious adverse event by 90 days occurred in
132 participants (13.9%) in the early-treatment
group and 157 participants (15.8%) in the later-
treatment group (Table 2). Further details re-
garding adverse events are provided in Tables S3
through S5.

SENSITIVITY, PER-PROTOCOL, AND SUBGROUP
ANALYSES

The sensitivity analyses of the primary outcome
under several assumptions and with the use of
different statistical models showed results that
were similar to those of the primary analysis
(Table S7). Results for the primary and second-
ary outcomes in the per-protocol population
were similar to those in the main analysis (Table
S9). No apparent heterogeneity of effects across
prespecified subgroups with the use of treat-
ment-by-covariate terms was observed, but the
trial was not powered to analyze subgroups and

N ENGL ) MED 388;26 NEJM.ORG JUNE 29, 2023

The New England Journal of Medicine

Downloaded from nejm.org by Naigi Liu on December 30, 2023. For personal use only. No other uses without permission.

Copyright © 2023 Massachusetts Medical Society. All rights reserved.



ANTICOAGULATION FOR STROKE AND ATRIAL FIBRILLATION

there was no correction of the widths of confi-
dence intervals for multiple comparisons (Fig. S2).

DISCUSSION

This trial was designed to estimate the treat-
ment effects of early initiation and later initia-
tion of DOACs and the degree of precision of
this estimate. No statistical hypothesis was
tested for superiority or noninferiority, and the
results are intended to provide qualitative data
that may be of use to clinicians. The compo-
nents of the primary outcome that are probably
of most interest to clinicians are recurrent ische-
mic strokes, systemic embolism, and symptom-
atic intracranial hemorrhage. By day 30, recur-
rent ischemic strokes had occurred in 1.4% of
the participants in the early-treatment group
and 2.5% of the participants in the later-treat-
ment group; systemic embolism had occurred in
0.4% and 0.9%, respectively; and the incidence
of symptomatic intracranial hemorrhage was low,
approximately 0.2% in both treatment groups.
On the basis of the widths of the 95% confi-
dence intervals, our data are consistent with
treatment effects (defined as the difference in
the incidence of the primary outcome with early
treatment as compared with later treatment) that
range from a reduction of approximately 2.8 per-
centage points to an increase of 0.5 percentage
points in the risk of a primary-outcome event.
Early treatment initiation can therefore be sup-
ported if indicated or if desired. The rates of the
outcomes increased only slightly more at 90 days
than at 30 days, findings that suggest there was
not an excessive risk associated with early anti-
coagulation through that period.

Current clinical practice is to delay the initia-
tion of anticoagulation after ischemic stroke, as
recommended in several guidelines that are
based on expert consensus. For example, Euro-
pean guidelines suggest assessment of stroke
severity with the use of the NIHSS score and
delay of anticoagulation for 3 days after minor
stroke, 6 days after moderate stroke, and 12 days
after severe stroke on the basis of this score.
American Heart Association—-American Stroke
Association guidelines®® recommend delaying
anticoagulation beyond 14 days if there is a high
risk of hemorrhagic transformation of an ische-
mic brain infarct and beginning anticoagulation

between day 2 and day 14 if the risk of this
complication is low. We studied initiation of
DOACs within 48 hours after stroke onset in
participants with minor or moderate stroke and
on day 6 or 7 in those with major stroke.

We chose to use an imaging-based definition
of stroke severity because an alternative, the
NIHSS score, is dependent on both the location
and size of the infarct. In several studies, the
size of an infarct measured by volume analysis
or semiquantitative measures has been related to
the risk of hemorrhagic transformation.”® Our
data suggest that the incidence of symptomatic
intracranial hemorrhage is low with early anti-
coagulation if imaging-based classification is
used. Further research is needed to confirm
whether this remains the case with NIHSS-
based definitions of infarct severity and whether
persons with atrial fibrillation and severe ische-
mic stroke can receive anticoagulation earlier
than 6 days after symptom onset.

Our trial is one of several randomized, con-
trolled trials comparing early anticoagulation
with later anticoagulation with DOACs in per-
sons with acute stroke and atrial fibrillation.
Our trial differs from the TIMING (Timing of
Oral Anticoagulant Therapy in Acute Ischemic
Stroke with Atrial Fibrillation)?* trial in Sweden
and the ongoing OPTIMAS (Optimal Timing of
Anticoagulation after Acute Ischaemic Stroke)
trial (ClinicalTrials.gov number, NCT03759938)
in the United Kingdom in that our participants
underwent randomization within 48 hours after
a minor or moderate stroke, we used an imaging-
based approach, and we compared early initia-
tion with the 1-3-6-12—day rule, which is widely
used. Furthermore, the aim of the TIMING and
OPTIMAS trials was to test noninferiority with a
nested test of superiority. The TIMING trial was
terminated prematurely owing to slow recruit-
ment after 888 participants had undergone ran-
domization.! The results of our trial are gener-
ally similar to those of the TIMING trial.

The limitations of our trial are the exclusion
of persons who were already receiving therapeu-
tic anticoagulation at baseline and the low me-
dian NIHSS score at randomization. The trial
also has limited statistical power to explore
subgroups, and therefore no conclusions can be
drawn from these results. We do not have data
on the ethnic group and race of the participants.
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The trial population was predominantly from
European centers, which have a high proportion
of White participants. Extrapolation of the re-
sults to other populations may not be possible.
We did not centrally adjudicate the classification
of stroke severity. Finally, persons with paren-
chymal hemorrhage type 1 or 2 in the Heidel-
berg classification (hemorrhagic transformation
within or within and beyond the region of the
infarct) at the time of randomization were not
included in this trial, so we cannot comment on

stroke and atrial fibrillation, using imaging as
a guide to the timing of treatment within each
trial group. The incidence of the composite of
stroke, systemic embolism, hemorrhage, or
death at 30 days was estimated to range from
2.8 percentage points lower to 0.5 percentage
points higher (based on the 95% confidence
interval) with early use of DOACs than with
later use.
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the safety of early anticoagulation in this group.
We estimated the risks of recurrent ischemic
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and vascular death with early or later initiation
of DOACs among persons with recent ischemic
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