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ORIGINAL RESEARCH ARTICLE

Early Versus Delayed Non–Vitamin K Antagonist 
Oral Anticoagulant Therapy After Acute Ischemic 
Stroke in Atrial Fibrillation (TIMING):  
A Registry-Based Randomized Controlled 
Noninferiority Study
Jonas Oldgren , MD, PhD*; Signild Åsberg , MD, PhD*; Ziad Hijazi , MD, PhD; Per Wester , MD, PhD; Maria Bertilsson, MSc;  
Bo Norrving , MD, PhD; for the National TIMING Collaborators

BACKGROUND: There are no evidence-based recommendations on the optimal time point to initiate non–vitamin K antagonist 
oral anticoagulants (NOACs) after acute ischemic stroke in patients with atrial fibrillation. We aimed to investigate the 
efficacy and safety of early versus delayed initiation of NOAC in these patients.

METHODS: TIMING (Timing of Oral Anticoagulant Therapy in Acute Ischemic Stroke With Atrial Fibrillation) was a 
registry-based, randomized, noninferiority, open-label, blinded end-point study at 34 stroke units using the Swedish 
Stroke Register for enrollment and follow-up. Within 72 hours from stroke onset, patients were randomized to early 
(≤4 days) or delayed (5–10 days) NOAC initiation, with choice of NOAC at the investigators’ discretion. The primary 
outcome was the composite of recurrent ischemic stroke, symptomatic intracerebral hemorrhage, or all-cause mortality 
at 90 days. The prespecified noninferiority margin was 3%. Secondary outcomes included the individual components 
of the primary outcome.

RESULTS: Between April 2, 2017, and December 30, 2020, 888 patients were randomized to either early (n=450) or delayed 
(n=438) initiation of NOAC. No patient was lost to 90-day follow-up. Mean age was 78.3 years (SD, 9.9 years); 46.2% were 
women; 49.1% had previously known atrial fibrillation; and 17.5% prior stroke. The primary outcome occurred in 31 patients 
(6.89%) assigned to early initiation and in 38 patients (8.68%) assigned to delayed NOAC initiation (absolute risk difference, 
−1.79% [95% CI, −5.31% to 1.74%]; Pnoninferiority=0.004). Ischemic stroke rates were 3.11% and 4.57% (risk difference, 
−1.46% [95% CI, −3.98% to 1.07%]) and all-cause mortality rates were 4.67% and 5.71% (risk difference, −1.04% [95% 
CI, −3.96% to 1.88%]) in the early and delayed groups, respectively. No patient in either group experienced symptomatic 
intracerebral hemorrhage.

CONCLUSIONS: Early initiation was noninferior to delayed start of NOAC after acute ischemic stroke in patients with atrial 
fibrillation. Numerically lower rates of ischemic stroke and death and the absence of symptomatic intracerebral hemorrhages 
implied that the early start of NOAC was safe and should be considered for acute secondary stroke prevention in patients 
eligible for NOAC treatment.

REGISTRATION: URL: http://www.clinicaltrials.gov; Unique identifier: NCT02961348.

Key Words: anticoagulants ◼ atrial fibrillation ◼ ischemic stroke ◼ secondary prevention

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 16, 2022

mailto:jonas.oldgren@ucr.uu.se


ORIGINAL RESEARCH 
ARTICLE

Circulation. 2022;146:1056–1066. DOI: 10.1161/CIRCULATIONAHA.122.060666 October 4, 2022 1057

Oldgren et al NOAC After Ischemic Stroke in Atrial Fibrillation

Atrial fibrillation is a common cause of ischemic 
stroke,1–3 and oral anticoagulation treatment, 
preferably non–vitamin K antagonist oral anti-

coagulant (NOAC), is highly recommended for stroke 
prevention.3–7 The optimal time point for initiating anti-
coagulation after acute ischemic stroke is uncertain8 
because the pivotal large-scale studies of NOAC versus 
warfarin excluded patients with a recent stroke (within 
7–30 days).9–12 Because of the sparse evidence, current 
international guidelines do not provide specific recom-
mendations on the best time point to start anticoagulation 
in this setting.3–6 The risk of ischemic stroke recurrence 
seems highest in the days immediately after an ischemic 
stroke,13,14 but hemorrhagic transformation of the isch-
emic lesion or intracerebral hemorrhage could offset the 
advantages of acute secondary prevention.15 Several 
observational studies indicate possible clinical benefit 
of early initiation of NOAC therapy to prevent recurrent 
ischemic stroke.16 Randomized clinical trials on the opti-
mal time point to start NOAC early after acute ischemic 
stroke in patients with atrial fibrillation are highly war-
ranted,2,8 yet very limited evidence is available,15,17,18 and 
the lack of consensus among stroke physicians is there-
fore not surprising.19,20 We aimed to evaluate the efficacy 
and safety of early versus delayed initiation of NOAC in 
patients with acute ischemic stroke and atrial fibrillation.

METHODS
Design
The TIMING study (Timing of Oral Anticoagulant Therapy in 
Acute Ischemic Stroke With Atrial Fibrillation) design and proto-
col have been published.21 In brief, this was an investigator-led, 
prospective, registry-based, multicenter, open-label, noninferi-
ority, randomized controlled study in 34 of 72 stroke units in 
Sweden (Table S1). We used the Swedish Stroke Register for 
enrollment, randomization, and follow-up. The inclusion of a ran-
domization module in the Swedish Stroke Register combines 
the advantages of a prospective randomized study design with 
the strengths of a comprehensive clinical quality register and 
facilitates patient enrollment, data collection, and follow-up.22 
The Regional Ethics Committee in Uppsala, Sweden, approved 
the TIMING study (reference 2016/359).

Patients
The target population was adults (≥18 years of age) with atrial 
fibrillation and a recent (within 72 hours of symptom onset) 
ischemic stroke who were eligible for and willing to start NOAC 
treatment. Atrial fibrillation included paroxysmal, persistent, and 
permanent atrial fibrillation, which was either previously known 
or diagnosed during index hospitalization. Patients with ongoing 
oral anticoagulant therapy at the index stroke were eligible if prior 
NOAC therapy was interrupted (≥2 days) at the index stroke or 
the international normalized ratio was ≤1.7 in patients on prior 
warfarin. After reperfusion therapy, control brain imaging had to 
be performed before the patient was considered eligible. Patients 
were ineligible if they had contraindication to NOAC therapy (eg, 

Clinical Perspective

What Is New?
• The TIMING study (Timing of Oral Anticoagulant 

Therapy in Acute Ischemic Stroke With Atrial Fibril-
lation) was the first randomized controlled study 
investigating relevant clinical end points (compos-
ite of new ischemic stroke, symptomatic intracere-
bral hemorrhage, or all-cause death) after initiation 
of non–vitamin K antagonist oral anticoagulant 
(NOAC) within the first 10 days after acute isch-
emic stroke in patients with atrial fibrillation.

• Initiating NOAC treatment within 4 days after isch-
emic stroke was noninferior to initiation of NOAC 
between days 5 and 10.

• No patient experienced symptomatic intracerebral 
hemorrhage in any study group, and rates of isch-
emic stroke and death were numerically lower in 
patients randomized to early initiation of NOAC.

What Are the Clinical Implications?
• It seems both safe and reasonable to consider early 

initiation of NOAC after acute ischemic stroke in 
patients with atrial fibrillation.

• The TIMING study results may facilitate shared 
decision making between physicians and patients 
to ensure adequate acute secondary stroke preven-
tion in the early phase of stroke unit care.

• Whether early initiation is superior to delayed start 
remains to be established and requires further 
investigation in ongoing trials (eg, OPTIMAS [Opti-
mal Timing of Anticoagulation After Acute Ischemic 
Stroke], NCT03759938; ELAN [Early Versus Late 
Initiation of Direct Oral Anticoagulants in Post-
Ischemic Stroke Patients With Atrial Fibrillation], 
NCT03148457; and START [Optimal Delay Time 
to Initiate Anticoagulation After Ischemic Stroke in 
Atrial Fibrillation], NCT03021928).

Nonstandard Abbreviations and Acronyms

AREST  Apixaban for Early Prevention of Recur-
rent Embolic Stroke and Hemorrhagic 
Transformation

COVID-19 coronavirus disease 2019
NIHSS  National Institutes of Health Stroke 

Scale
NOAC  non–vitamin K antagonist oral 

anticoagulant
RAF  Early Recurrence and Cerebral Bleeding 

in Patients With Acute Ischemic Stroke 
and Atrial Fibrillation

TIMING  Timing of Oral Anticoagulant Therapy 
in Acute Ischemic Stroke With Atrial 
Fibrillation

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 16, 2022



OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TI
CL

E

October 4, 2022 Circulation. 2022;146:1056–1066. DOI: 10.1161/CIRCULATIONAHA.122.0606661058

Oldgren et al NOAC After Ischemic Stroke in Atrial Fibrillation

ongoing bleeding or mechanical heart valve prosthesis) or if they 
previously participated in the TIMING study. Patients or their 
nearest relative or representative if the patient did not have the 
capacity to write provided written informed consent.

Randomization
Eligible patients were‚ within 72 hours from stroke onset and, 
after written informed consent, randomly allocated to early (≤4 
days from stroke onset) or delayed (≥5–10 days from stroke 
onset) initiation of NOAC by a central computer within the 
Swedish Stroke Register infrastructure. Participants were ran-
domized in a 1:1 ratio to 1 of the 2 treatment arms. Allocation 
was stratified by study site.

The choice of NOAC (ie, apixaban, dabigatran, edoxaban, or 
rivaroxaban) and day to start treatment within the assigned time 
interval were at the discretion of the treating physician, and all 
4 agents were available and reimbursed in Sweden during the 
entire study period.

Procedures
Study procedures have previously been discussed in detail.21 
Web-based case report forms integrated into the Swedish 
Stroke Register were used to supply information about 
patients’ demographics, comorbidities, functional status, and 
drug therapy, including starting time of NOAC, and data were 
entered by a dedicated study nurse or stroke coordinator at 
each participating stroke unit. The clinical outcome events 
were considered within 90 days.

A study-specific event form was used for reporting primary 
outcome events and major bleeding events within 28 days after 
index stroke because the regular registry-based surveillance 
covers only 1 stroke per hospitalization. After 28 days from 
the index stroke, any new stroke was captured by routine reg-
istration in the Swedish Stroke Register. A selection of data, 
prespecified as of interest for the study, were automatically 
transferred from the register to the TIMING study database. 
The regular 90-day follow-up in the Swedish Stroke Register, 
by postal questionnaire or telephone interviews, was supple-
mented with 2 additional study questions on persistence with 
NOAC therapy and any rehospitalization. Patients’ vital status 
and answers to study-specific questions were verified by local 
study personnel through medical record reviews to ensure that 
no study end points were missed or incorrectly reported.

To further minimize incompleteness and to increase the cor-
rectness of reported data, logical controls for critical data were 
programmed into the Swedish Stroke Register. Any changes of 
data in the Swedish Stroke Register were tracked (audit trail) in 
the study database. All baseline and outcome data were scruti-
nized for completeness, range, and consistency within the web-
based case report forms by central study personnel.

An independent data and safety monitoring board moni-
tored patient safety and the study conduct.

Outcomes
The primary outcome was a composite of recurrent ischemic 
stroke, symptomatic intracerebral hemorrhage, or all-cause 
death within 90 days of index stroke. Recurrent ischemic stroke 
was defined as a new focal neurological deficit of sudden onset 
lasting at least 24 hours (or <24 hours if after therapeutic 

intervention, ie, thrombolysis or thrombectomy, or if the deficit 
resulted in death within 24 hours), occurring >24 hours after 
the index ischemic stroke regardless of vascular territory, and 
not attributable to edema, brain shift, hemorrhagic transforma-
tion, intercurrent illness, hypoxia, or drug toxicity.23 Symptomatic 
intracerebral hemorrhage was defined as a new focal neurologi-
cal deficit of sudden onset lasting for at least 24 hours and with 
documented intraparenchymal hematoma (≥10 mm) on imaging 
(computed tomography or magnetic resonance imaging), includ-
ing hemorrhagic transformation of the index ischemic stroke, or 
a new hospitalization for intracerebral hemorrhage registered 
in the Swedish Stroke Register. Intracerebral hemorrhage was 
defined as symptomatic if there was an increase of ≥4 points in 
total National Institutes of Health Stroke Scale (NIHSS) score 
or ≥2 points in 1 NIHSS category.24

Secondary outcomes included the individual components 
of the primary outcome and major bleeding events. Bleedings 
were considered major if they resulted in death or were life 
threatening, which includes all intracranial hemorrhages 
regardless of size and symptoms, according to the International 
Society on Thrombosis and Haemostasis definition,25 or con-
sumed major health-care resources, that is, bleeding events 
leading to hospitalization.

Observational Cohort in the Swedish Stroke 
Register
About 5000 patients with ischemic stroke and atrial fibrillation 
are registered annually in the Swedish Stroke Register by the 
72 stroke units in Sweden.1 To investigate whether TIMING 
study patients had characteristics similar to those of individuals 
not included in this randomized study, we examined cohorts of 
nonrandomized patients routinely registered and followed up 
for 90 days in the Swedish Stroke Register during the same 
time period as the TIMING study at all Swedish stroke units and 
separately patients not enrolled in the randomized study at the 
34 stroke units participating in TIMING (Figure S1). Patients 
in these cohorts were, similar to the TIMING study patients, 
selected by the criteria of acute ischemic stroke and atrial fibril-
lation and receiving NOAC within 10 days from stroke onset. 
Patients without a known date of stroke onset or NOAC start 
were excluded. The Swedish Ethical Review Authority approved 
this observational study (reference 2021-00430).

Statistical Analyses
The sample size calculation in TIMING was based on findings 
from the observational Pre-TIMING study.26 The proportion of 
events of the primary composite variable at 90 days was assumed 
to be 12% in both treatment regimens. The absolute noninferior-
ity margin was set to 3%. The selection of noninferiority margin 
was based on magnitudes of commonly observed and clinically 
meaningful relative and absolute risk reductions in a wide range of 
secondary stroke preventive trials.27 On the basis of these assump-
tions, a sample size of 1451 patients per group was considered to 
be sufficient to test the primary hypothesis (noninferiority) with a 
power of 80% using a significance level of 5%. Although there is 
no loss to follow-up in the National Board of Health registers, we 
conservatively set the sample size to 3000 patients.

The primary outcome analyses were performed in the 
intention-to-treat population, consisting of all randomized 
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patients, and in the per-protocol population, which excluded 
those deviating from inclusion criteria or who did not start 
NOAC treatment according to the assigned study group 
(Figure 1). Safety analyses were performed in the safety 
population, that is, all randomized patients who received 
at least 1 dose of NOAC during the first 14 days after 
randomization.

The prespecified hypotheses to be tested were the non-
inferiority hypothesis for early start versus delayed start of 
NOAC treatment and superiority if noninferiority was dem-
onstrated.28 The primary composite outcome of new isch-
emic stroke, symptomatic intracerebral hemorrhage, or 
all-cause mortality within 90 days was analyzed with the use 
of an ordinary z test for proportions, with a Cox proportional 
hazards model as the sensitivity analysis. Noninferiority was 
tested by comparing the upper limit of the 2-sided 95% CI 
for the absolute difference in proportions of events for the 
2 treatment regimens with the predefined delta value (ie, 
the noninferiority margin of 3%). Superiority was tested with 
a 2-sided test at a significance level of 0.05. Differences 
between treatment regimens for the individual components 
of the primary composite variable were displayed in Kaplan-
Meier plots and evaluated with Cox proportional hazards 
models. We performed analyses of subgroups (prespecified 
before database lock) for the primary end point in the inten-
tion-to-treat population using logistic regression models that 
included treatment group, subgroup factor, and the interac-
tion between treatment group and subgroup. The subgroups 
were based on age, sex, prior atrial fibrillation, prior diabetes, 
prior stroke or transient ischemic attack, drugs (antihyper-
tensive, antithrombotic) on admission, stroke severity, and 
reperfusion therapy.

The study statistician and the coordinating investigators 
prepared the statistical analysis plan without reference to col-
lected data, and the study steering committee approved the 
statistical analysis plan before database lock while still blinded 
to treatment allocation. All statistical analyses were performed 
with SAS software version 9.4 (SAS Institute Inc, Cary, NC).

RESULTS
From April 2, 2017, to December 30, 2020, 888 patients 
were randomly assigned to early (n=450) or delayed 
(n=438) start of NOAC treatment (Figure 1). Patients 
were followed up and assessed for the primary end point 
at 90 days, and no patients were lost to follow-up.

Baseline characteristics are summarized in the Table. 
Mean age was 78.3 years (SD, 9.9 years); 410 (46.2%) 
were women; 436 (49.1%) had previously known atrial 
fibrillation; and 155 (17.5%) had a prior stroke. Before 
hospitalization, 240 (27.0%) had oral anticoagula-
tion (NOAC or warfarin). Median and mean admission 
NIHSS scores were 4 (range, 0–26) and 6.1 (SD, 5.9), 
respectively. Before randomization, 192 patients (21.6%) 
received thrombolysis only, and 121 patients (13.6%) 
underwent thrombectomy, of whom 60 (49.6%) received 
thrombolysis before the thrombectomy. Median NIHSS 
score at 24 hours after reperfusion therapy was 2 (0–22) 
in the 313 patients receiving any reperfusion therapy.

The 9063 patients in the nonrandomized observa-
tional cohort registered in the Swedish Stroke Regis-
ter during the same time period as the TIMING study 
was conducted, including 5068 patients not enrolled 
in the randomized study at stroke units participating in 
the TIMING study, are presented in Table S2 and Fig-
ure S1. The baseline characteristics of the randomized 
TIMING study patients were similar to those of these 
observational cohorts in terms of age, sex, prior stroke, 
and stroke severity, but independence in activities of 
daily living, newly diagnosed atrial fibrillation, and use of 
reperfusion therapy were more common in the random-
ized TIMING study patients.

Among randomized patients, NOAC was on average 
initiated 66.8 hours (SD, 31.5 hours), that is, on day 3, 

Figure 1. Study flowchart.
INR indicates international normalized ratio; ITT, intention-to-treat; NOAC, non–vitamin K antagonist oral anticoagulant; PP, per-protocol; and 
TIMING, Timing of Oral Anticoagulant Therapy in Acute Ischemic Stroke With Atrial Fibrillation. *On treatment with NOAC at index event and <2-
day (48-hour) treatment interruption. 

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 16, 2022



OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TI
CL

E

October 4, 2022 Circulation. 2022;146:1056–1066. DOI: 10.1161/CIRCULATIONAHA.122.0606661060

Oldgren et al NOAC After Ischemic Stroke in Atrial Fibrillation

after stroke onset in the early group and 116.8 hours 
(SD, 36.5 hours), that is, on day 5, after stroke onset 
in the delayed group. In total, 17 patients did not start 
NOAC treatment: 4 in the early and 13 in the delayed 
group (Figure 1). The choice of NOAC, which was at 

the discretion of the treating physician, in the early and 
delayed groups was apixaban in 54.9% and 54.8%, dabi-
gatran in 27.8% and 25.1%, edoxaban in 3.3% and 3.7%, 
and rivaroxaban in 13.1% and 13.5% of the patients, 
respectively.

The primary composite outcome of new ischemic 
stroke, symptomatic intracerebral hemorrhage, or all-
cause mortality occurred in 6.89% of the patients 
assigned to early start and in 8.68% of those assigned 
to delayed start of NOAC therapy. Early start was non-
inferior to delayed start of NOAC therapy, with an abso-
lute risk difference of −1.79% (upper limit of the 2-sided 
95% CI, 1.74%; Pnoninferiority=0.004). However, early start 
was not superior to delayed start of NOAC therapy (Fig-
ure 2). Time to events and sensitivity analysis for the pri-
mary outcome is depicted in Figure 3 and Figure S2A.

Ischemic stroke rates were 3.11% in the early group 
and 4.57% in the delayed group, with a risk difference 
of –1.46% (95% CI, −3.98% to 1.07%) for early ver-
sus delayed treatment start. No patient experienced a 
symptomatic intracerebral hemorrhage in either of the 
study groups during 90 days of follow-up. All-cause mor-
tality rates were 4.67% in the early group and 5.71% 
in the delayed group (risk difference, −1.04% [95% CI, 
−3.96% to 1.88%] for early versus delayed treatment 
start). Time to ischemic stroke is illustrated in Figure 4 
and Figure S2B, and time to death is illustrated in Fig-
ure 5 and Figure S2C.

During the first 28 days after randomization, 10 major 
bleeding events occurred: 7 in the early and 3 in the 
delayed treatment group. Three of these events were 
intracerebral hemorrhages not fulfilling the symptom cri-
teria in the outcome definition: 2 cases of hemorrhagic 
transformation in the early group, which occurred 2 and 
17 days after randomization (difference in NIHSS scores 
before and at event, 1 and 0 points), and 1 case of hem-
orrhagic transformation in the delayed treatment group, 
which occurred 13 days after randomization (difference 
in NIHSS scores, 0 points).

The per-protocol–treated population (Figure 1) 
consisted of 819 patients (92.2% of the intention-to-
treat population). The primary outcome was observed 
in 28 (6.65%) of the 421 patients receiving early 
treatment and in 30 (7.54%) of the 398 patients 
receiving delayed treatment (risk difference, −0.89% 
[95% CI, −4.41% to 2.63%]; Pnoninferiority=0.0384). 
Ischemic stroke was observed in 13 patients (3.09%) 
in the early group and 16 patients (4.02%) in the 
delayed group (risk difference, −0.93% [95% CI, 
−3.47% to 1.61%]). All-cause mortality was observed 
in 19 patients (4.51%) in the early and 19 (4.77%) in 
the delayed group (risk difference, −0.26% [95% CI, 
−3.15% to 2.62%}).

The primary outcome of ischemic stroke, intracranial 
hemorrhages, or all-cause mortality at 90 days was con-
sistent across all prespecified subgroups (Figure 6).

Table. Baseline Characteristics

Variable
Early start 
(n=450)

Delayed 
start 
(n=438)

 Mean age‚ y (SD) 78.4 (10.1) 78.3 (9.7)

 Female sex, n (%) 207 (46.0) 203 (46.3)

Risk factors, n (%)

 Atrial fibrillation*

  Previously known 223 (49.6) 213 (48.6)

  Diagnosed on admission 227 (50.4) 224 (51.1)

 Prior stroke or transient ischemic attack

  Prior stroke 79 (17.6) 76 (17.4)

  Prior transient ischemic attack 36 (8.0) 26 (5.9)

 Diabetes 81 (18.0) 91 (20.8)

 Active smoking 41 (9.1) 30 (6.8)

Activities of daily living-independent before 
stroke, n (%)

412 (91.6) 408 (93.2)

Living conditions before stroke, n (%)

 Own home without assistance 367 (81.6) 363 (82.9)

 Own home with assistance 61 (13.6) 52 (11.9)

 Nursing home 22 (4.9) 22 (5.0)

Drugs on admission, n (%)

 Antihypertensives 333 (74.0) 338 (77.2)

 Statins 155 (34.4) 172 (39.3)

 Antiplatelets

  Single 100 (22.2) 93 (21.2)

  Dual 3 (0.7) 3 (0.7)

  None 347 (77.1) 342 (78.1)

 Non–vitamin K antagonist oral anticoagulant

  Apixaban 62 (13.8) 49 (11.2)

  Dabigatran 12 (2.7) 14 (3.2)

  Edoxaban 0 (0.0) 2 (0.5)

  Rivaroxaban 16 (3.6) 20 (4.6)

  Warfarin 31 (6.9) 34 (7.8)

   Mean initial international normalized 
ratio (SD)

2.07 (0.68) 1.86 (0.50)

National Institutes of Health Stroke Scale score on admission

 Mean (SD) 6.2 (5.8) 5.9 (5.9)

 Median (interquartile range) 4 (2–9) 4 (2–8)

 Score missing, n (%) 47 (10.4) 48 (11.0)

Acute reperfusion therapy, n (%)

 Thrombolysis 132 (29.3) 120 (27.4)

 Thrombectomy 65 (14.4) 56 (12.8)

*Including 3 patients with atrial flutter. In 1 patient in the delayed group, the 
diagnosis of atrial fibrillation at index stroke was rejected after randomization.
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DISCUSSION
TIMING was the first randomized controlled study to 
evaluate the efficacy and safety of initiation of treatment 
with NOAC within 10 days of acute ischemic stroke in 
patients with atrial fibrillation. Early start was noninferior 
to delayed start of NOAC in terms of the primary com-
posite outcome of ischemic stroke, symptomatic intra-
cerebral hemorrhage, or death. There were numerically 
lower rates of ischemic stroke and death in patients as-
signed to early initiation of NOAC, and no patient experi-
enced symptomatic intracerebral hemorrhage in either of 
the study groups during 90 days of follow-up.

Oral anticoagulation therapy is the cornerstone of 
primary and secondary ischemic stroke prevention in 
patients with atrial fibrillation.3,5 During the past decade, 
NOACs have been established as the preferred alterna-
tive to warfarin in this setting on the basis of 4 pivotal 
randomized controlled trials demonstrating them to be 

at least as effective for stroke prevention as warfarin 
with equal or lower risk for major bleeding events, most 
prominently substantially lower risks for intracranial 
haemorrhages.7,9–12 The results were also consistent in 
a meta-analysis of patients with a prior stroke in these 
4 pivotal trials, revealing the risk of hemorrhagic stroke 
to be at least halved.29 It is notable that these trials do 
not provide any evidence for the optimal time point to 
start oral anticoagulant treatment in the early phase 
after acute ischemic stroke because recent stroke 
(within 7–30 days) was an exclusion criterion. In addi-
tion, <30% of the patients in these trials had a prior 
stroke or transient ischemic attack, except for the rivar-
oxaban versus warfarin study, in which 52% of patients 
had a prior stroke, albeit at a mean of 551 days before 
randomization.30

The high risk of stroke recurrence in the acute phase 
after ischemic stroke provides a rationale for very early 
stroke preventive therapy.13,14 The potential advantage of 

Figure 2. Risk difference in the primary composite outcome for early vs delayed initiation of NOAC at 90 days.
Primary outcome was a composite of ischemic stroke, symptomatic intracerebral hemorrhage, or all-cause mortality. Primary hypothesis testing 
for noninferiority at an absolute 3% margin, and secondary hypothesis testing for superiority. NOAC indicates non–vitamin K antagonist oral 
anticoagulant.

Figure 3. Time to the primary composite outcome and Cox proportional hazards analysis for early vs delayed initiation of NOAC 
until 90 days.
Primary outcome was a composite of ischemic stroke, symptomatic intracerebral hemorrhage, or all-cause mortality. HR indicates hazard ratio; and 
NOAC, non–vitamin K antagonist oral anticoagulant.
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early oral anticoagulation must be weighed against the 
risk of hemorrhagic transformation of the ischemic lesion 
or development of intracerebral hemorrhage in this vul-
nerable phase.15 In a recent systematic review of 28 tri-
als from the Cochrane Library, early anticoagulation was 
concluded to cause fewer recurrent ischemic strokes, a 
benefit offset by a similarly sized increase in intracranial 
hemorrhages.15 Several observational studies indicate 
possible clinical benefit of early initiation of NOACs in 
the acute setting after ischemic stroke in patients with 
atrial fibrillation29; however, data from randomized stud-
ies are very sparse. A Korean randomized study of 195 

patients evaluating the initiation of treatment with either 
the NOAC rivaroxaban or warfarin within 5 days after 
mild stroke in patients with atrial fibrillation reported no 
difference in the primary outcome of new ischemic or 
hemorrhagic lesions on brain imaging after 4 weeks.31 
The more recent randomized AREST study (Apixaban for 
Early Prevention of Recurrent Embolic Stroke and Hem-
orrhagic Transformation) evaluated early anticoagulation 
with the NOAC apixaban with later initiation of warfarin 
in patients with atrial fibrillation and stroke or transient 
ischemic attack. Although this study was based on very 
few patients, no symptomatic intracerebral hemorrhages 

Figure 4. Time to ischemic stroke and Cox proportional hazards analysis for early vs delayed initiation of NOAC until 90 days.
HR indicates hazard ratio; and NOAC, non–vitamin K antagonist oral anticoagulant.

Figure 5. Time to all-cause mortality and Cox proportional hazards analysis for early vs delayed initiation of NOAC until 90 days.
HR indicates hazard ratio; and NOAC, non–vitamin K antagonist oral anticoagulant.
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were reported in NOAC-treated patients, but in 2.1% 
symptomatic intracerebral hemorrhages were reported 
in the warfarin-treated patients.18 So far, no randomized 
study has evaluated clinical outcomes after early versus 
delayed initiation of NOACs only after an acute ischemic 
stroke. This gap in evidence is highlighted in international 
guidelines3,5 and in the Action Plan for Stroke in Europe.2

It is important to note that none of the patients in the 
TIMING study experienced a symptomatic intracerebral 
hemorrhage during the 90-day study period and that 
overall the rates of major bleeding, including intracranial 
hemorrhages, were very low during the first 4 weeks. 
Beyond the clinical importance of safety confirmation, 
this result partly provides an explanation for the lower-
than-anticipated primary composite outcome event rates 
in the TIMING study. We anticipated a 3% rate of symp-
tomatic intracerebral hemorrhage on the basis of the 
Pre-TIMING observational study26 and the observational 
RAF study (Early Recurrence and Cerebral Bleeding in 
Patients With Acute Ischemic Stroke and Atrial Fibril-
lation)13 showing a 3.6% rate of cerebral bleedings. 
However, both the pre-TIMING and RAF studies were 
conducted in an era when large proportions of patients 

starting anticoagulant treatment early received vitamin 
K antagonists, despite their association with substan-
tially higher intracerebral bleeding risk.9–12 Several more 
recent observational studies, published in parallel with 
or after the conduct of the TIMING study, have demon-
strated substantially lower rates of symptomatic intracra-
nial hemorrhages in patients treated early with NOACs 
after ischemic stroke in atrial fibrillation.16,32,33

The primary outcome results in TIMING were consis-
tent across prespecified subgroups, including age, sex, 
previously known atrial fibrillation, and antithrombotic 
treatment before hospitalization. Signs of potential harm 
with early initiation of NOAC were implied only in the 
small groups of patients who underwent thrombectomy 
or had admission NIHSS scores >15, that is, patients 
with more severe ischemic strokes. In contrast, there was 
no sign of interaction with NIHSS score measured at 
the time of NOAC initiation (data not shown), which rein-
forces that any subgroup findings should be interpreted 
as hypothesis generating and need to be confirmed in 
ongoing randomized controlled trials (OPTIMAS [Opti-
mal Timing of Anticoagulation After Acute Ischemic 
Stroke], NCT0375993834; ELAN [Early Versus Late 

Figure 6. Odds ratio for the primary composite outcome in prespecified subgroups.
Logistic regression model with treatment group, subgroup factor, and interaction between treatment group and subgroup. NIHSS indicates 
National Institutes of Health Stroke Scale; NOAC, non–vitamin K antagonist oral anticoagulant; OR, odds ratio; and TIA, transient ischemic attack.
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Initiation of Direct Oral Anticoagulants in Post-Ischemic 
Stroke Patients With Atrial Fibrillation], NCT0314845735; 
and START [Optimal Delay Time to Initiate Antico-
agulation After Ischemic Stroke in Atrial Fibrillation]; 
NCT03021928).

The strengths of the TIMING study include being 
the first randomized comparison, evaluated by clinically 
relevant end points, of early versus delayed initiation 
of NOAC in the setting of acute ischemic stroke and 
atrial fibrillation, with no patient lost to follow-up. Ran-
domization is fundamental to provide clinical evidence, 
although randomized trials may be limited by selection 
bias of specialist trial centers and patients, not neces-
sarily representing real-world practice. TIMING was the 
first pragmatic study using the comprehensive Swedish 
Stroke Register, with the addition of a study-specific 
randomization module, thereby combining the advan-
tages of a prospective randomized study design with the 
strengths of a comprehensive clinical quality register and 
facilitating consecutive enrollment and follow-up of less 
selected patients.22 Another strength was the possibil-
ity of assessing the representativeness of the patients 
voluntarily participating in the TIMING study. These study 
patients were in many aspects, including age, sex dis-
tribution, and NIHSS score on admission, similar to the 
general Swedish stroke population with atrial fibrillation 
receiving NOAC treatment except for higher proportions 
of patients with newly diagnosed atrial fibrillation and 
reperfusion therapy.

A limitation was the smaller-than-preplanned study 
population. A number of factors hampering recruitment 
were identified. For example, stroke physicians wished to 
start treatment early to protect their patients from recur-
rent strokes, presumably supported by the transition from 
vitamin K antagonists to NOACs as the drug of choice 
during the study period and by extrapolation of safety 
results from pivotal NOAC versus vitamin K antagonist 
studies despite the fact that those studies excluded 
patients with a recent ischemic stroke. In addition, dur-
ing the conduct of the TIMING study, several observa-
tional studies were published underpinning the potential 
safety of NOACs early after ischemic stroke, which may 
have created concerns among investigators in the study. 
More generally, the risk of stroke increases with age, 
as does the prevalence of cognitive impairment, which 
could undermine the patients’ capability to comprehend 
the study and the ability or willingness to provide written 
informed consent. To enable enrollment of more patients, 
the steering committee decided to prolong the recruit-
ment period for 1 year, but unfortunately, this coincided 
with the coronavirus disease 2019 (COVID-19) pan-
demic during which several study sites were not able and 
some were not allowed to enroll study patients, an obsta-
cle that the TIMING study shared with many other car-
diovascular trials. Thus, the steering committee deemed 
it impossible to reach the originally planned sample size 

during the pandemic and, without knowledge of outcome 
data, terminated the study.

The lack of brain imaging data may also be consid-
ered a limitation. Magnetic resonance imaging with diffu-
sion-weighted imaging would be the preferred modality 
to identify lesion size but is more costly than computed 
tomography and availability is limited in clinical practice. 
Moreover, standardizing the timing and performance of 
imaging and collecting and centrally adjudicating such 
data were not considered feasible in this pragmatic 
investigator-initiated and public-funded study.

Conclusions
Early initiation was noninferior to delayed start of NOAC 
after acute ischemic stroke in patients with atrial fibrilla-
tion. The numerically lower rates of ischemic stroke and 
death, the absence of symptomatic intracerebral hemor-
rhages, and the overall low rates of major bleedings imply 
that early initiation of NOAC is safe. Patients with acute 
ischemic stroke and atrial fibrillation should be consid-
ered for acute secondary stroke prevention, although it 
remains to be established whether early is superior to 
delayed start.
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