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Abstract
Rationale: Direct oral anticoagulants (DOAC) are highly effective in preventing ischaemic strokes in people with 
atrial fibrillation (AF). However, it is unclear how soon they should be started after acute ischaemic stroke (AIS). Early 
initiation may reduce early risk of recurrence but might increase the risk of haemorrhagic complications.
Aim: To estimate the safety and efficacy of early initiation of DOACs compared to late guideline-based initiation in 
people with AIS related to AF.
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Methods and design: An international, multicentre, randomised (1:1) controlled, two-arm, open, assessor-blinded 
trial is being conducted. Early treatment is defined as DOAC initiation within 48 h of a minor or moderate stroke, or at 
day 6–7 following major stroke. Late treatment is defined as DOAC initiation after day 3–4 following minor stroke, after 
day 6–7 following moderate stroke and after day 12–14 following major stroke. Severity of stroke is defined according 
to imaging assessment of infarct size.
Sample size: ELAN will randomise 2000 participants 1:1 to early versus late initiation of DOACs. This assumes a risk 
difference of 0.5% favouring the early arm, allowing an upper limit of the 95% confidence interval up to 1.5% based on 
the Miettinen & Nurminen formula.
Outcomes: The primary outcome is a composite of symptomatic intracranial haemorrhage, major extracranial bleeding, 
recurrent ischaemic stroke, systemic embolism or vascular death at 30 ± 3 days after randomisation. Secondary outcomes 
include the individual components of the primary outcome at 30 ± 3 and 90 ± 7 days and functional status at 90 ± 7 days.
Discussion: ELAN will estimate whether there is a clinically important difference in safety and efficacy outcomes 
following early anticoagulation with a DOAC compared to late guideline-based treatment in neuroimaging-selected 
people with an AIS due to AF.
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Introduction and rationale

Anticoagulation therapy with direct oral anticoagulants 
(DOACs) is highly effective in preventing recurrent ischae-
mic events in people with strokes related to atrial fibrilla-
tion (AF).1 However, it is unclear how soon DOACs should 
be started after acute ischaemic stroke (AIS). Randomised 
controlled trials comparing DOACs with vitamin K antago-
nists for prevention of AF-related ischaemic strokes 
excluded people with a recent AIS.2 Early anticoagulation 
with DOACs may reduce the risk of early recurrent ischae-
mic events but might also increase the risk of haemorrhagic 
complications (particularly intracranial bleeding), thus out-
weighing any beneficial effect.

In the absence of randomised-trial evidence, the 
European Heart Rhythm Association (EHRA) and the 
European Society of Cardiology suggest following the 
‘1–3–6–12 day rule’ for initiation of anticoagulation fol-
lowing AF-related transient ischaemic attack (TIA), minor, 
moderate and severe AIS.3 Thus, anticoagulation can be 
initiated on day 1 in people with TIA, on day 3 in those with 
mild stroke, on day 5–7 in those with moderate stroke and 
on day 12–14 in those with major stroke.3 This is based on 
the observation that larger infarcts are more likely than 
smaller ones to undergo haemorrhagic transformation.4,5 
Many countries, societies and expert opinions have now 
adopted this recommendation.2,6,7 However, real-world 
data suggest that DOACs might be safely used earlier than 
recommended following AIS, although this evidence is 
limited by selection bias or small randomised controlled tri-
als.2,8,9 Furthermore, the risk of both recurrent ischaemic 
and haemorrhagic stroke is highest in the first 2 days fol-
lowing stroke onset, meaning that randomised trials are 
needed to establish whether it is safe and beneficial to start 

DOACs early after AIS.10 Neuroimaging selection may 
help minimise the risk of intracranial haemorrhage.4,5

The Early versus Late initiation of direct oral 
Anticoagulants in post-ischaemic stroke patients with atrial 
fibrillatioN (ELAN) aims to estimate the safety and effi-
cacy of early initiation of DOACs compared to late guide-
line-based initiation in imaging-selected participants with 
AIS and AF.

Methods

Study design

ELAN is an international, multicentre, randomised (1:1) 
controlled, two-arm, open, assessor-blinded trial compar-
ing early versus late initiation of DOACs in people with 
AIS and AF. The trial is being conducted in more than 90 
stroke units in Europe, India, the Middle East and Japan. 
The first participant was enrolled in November 2017.

Participant population

ELAN will randomise 2000 people with an AIS and AF. 
Inclusion and exclusion criteria are listed in Table 1. ELAN 
has a gender policy aiming at an equal representation of the 
sexes.

Randomisation and blinding

Based on the infarct size on CT and/or MRI prior to ran-
domisation, participants are classified as having experi-
enced minor, moderate or major ischaemic stroke (Figure 1 
and Table 2).11 Infarct size is classified by the treating team 
and in case of rapid clinical improvement after admission, 
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especially after intravenous thrombolysis and thrombec-
tomy, study teams are strongly encouraged to repeat imag-
ing before randomisation. The qualifying imaging for 
stroke classification is the last imaging performed prior to 
randomisation. Participants are assigned in a 1:1 ratio to 
one of the two treatment arms using deterministic minimi-
sation implemented via a web-based data management sys-
tem (secuTrial) to ensure concealment of allocation. 
Randomisation is performed within 48 h after symptom 
onset in participants with minor and moderate stroke and at 

day 6–7 in participants with major stroke (Figure 2). 
Allocation is stratified by trial site, age (<70 vs ⩾70 years), 
stroke severity (minor, moderate or major stroke) and 
NIHSS score (<10 vs ⩾10).

Treatment

Any DOAC with marketing authorisation for the prevention 
of stroke and systemic embolism in the respective countries 
can be used. Early treatment means initiation of DOAC 

Table 1. Inclusion and exclusion criteria.

Inclusion criteria

•   Written informed consent according to country-specific requirements
•   Age ⩾18 years
•   Acute ischaemic stroke, either confirmed by MRI or CT scan (tissue-based definition) or by sudden focal neurological deficit of 

presumed ischaemic origin that persisted beyond 24 h and otherwise normal non-contrast CT scan. Intravenous or endovascular 
treatment prior to randomisation is allowed.

•   Permanent, persistent or paroxysmal spontaneous AF previously known or diagnosed during the index hospitalisation
•   Agreement of treating physician to prescribe DOACs

Exclusion criteria

•   AF due to reversible causes (e.g. thyrotoxicosis, pericarditis, recent surgery, myocardial infarct)
•   Valvular disease requiring surgery
•   Mechanical heart valve(s)
•   Moderate or severe rheumatic mitral stenosis. Participants with other valvular diseases and biological valves are eligible
•   Conditions other than AF that require anticoagulation, including therapeutic doses of low-molecular-weight heparin or heparin
•   Anticoagulation above the relevant thresholds at ischaemic stroke onset or at hospital admission as follows:

o  vitamin K antagonist: International Normalized Ratio (INR) ⩾ 1.7, or
o  anti-IIa: thrombin time ⩾80 s and/or anti-IIa ⩾ 100 ng/ml and/or aPTT value >1.5× normal, or
o  anti-Xa: anti-Xa ⩾ 100 ng/ml or ⩾0.7 U/ml

•   Contraindications to DOACs
•   Females with a positive pregnancy test at time of randomisation, a suspicion of pregnancy, or lactating
•   Patients with serious bleeding in the last 6 months or at high risk of bleeding (e.g. active peptic ulcer disease, platelet count  

< 100 000/mm3 or haemoglobin <10 g/dl or INR ⩾ 1.7, documented haemorrhagic tendencies or blood dyscrasias)
•   Subject currently uses or has a recent history of illicit use of drug(s) or abuses alcohol
•   Severe comorbid condition with life expectancy <6 months
•   Severe renal impairment as described in the summary of medicinal product characteristics for the chosen DOAC (e.g. 

rivaroxaban, apixaban and edoxaban creatinine clearance <15 ml/min; dabigatran creatinine clearance <30 ml/min)
•   Patient requires haemodialysis or peritoneal dialysis
•   Patient with aortic dissection
•   Current participation in another investigational trial
•   Dual antiplatelet therapy (DAPT) at baseline or a strong likelihood of being treated with DAPT during the course of the trial. 

Transient DAPT is not an exclusion criterion if it is stopped prior to randomisation.
•   CT or MRI evidence of haemorrhage classified as PH1 (defined as parenchymal haemorrhage = blood clots in <30% of the 

infarcted area with or without slight space-occupying effect) and PH2 (defined as blood clots in >30% of the infarcted area 
with a substantial space-occupying effect) independently of clinical deterioration. HI1 (defined as haemorrhagic infarct = small 
petechiae along the margins of the infarct) and HI2 (defined as confluent petechiae within the infarcted area but no space-
occupying effect) are acceptable if not associated with clinical deterioration and if the treating physician feels comfortable about 
treating these patients with DOACs.

•   CT or MRI evidence of mass effect or intracranial tumour (except small meningioma)
•   CT or MRI evidence of cerebral vasculitis
•   Endocarditis
•   Evidence of severe cerebral amyloid angiopathy if MRI scan performed

AF: atrial fibrillation; aPTT: activated partial thromboplastin time; CT: computed tomography; INR: International Normalised Ratio; MRI: magnetic 
resonance imaging; DAPT: dual antiplatelet therapy; DOACs: direct oral anticoagulants; HI: haemorrhagic infarction; PH: parenchymatous haematoma.
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within 48 h in participants with minor and moderate stroke, 
or on day 6–7 in those with major stroke. Late treatment 
means initiation of treatment in participants with minor 
stroke on day 3–4, those with moderate stroke on day 6–7 
and with major stroke on day 12–14. The late treatment times 
were chosen to be consistent with the ‘1–3–6–12 day rule’.3

Clinical and imaging evaluation

All trial procedures are summarised in Supplemental 
Table 1. The primary outcome is assessed at 30 ± 3 days 
after randomisation by a structured telephone interview 
conducted by trained medical personnel unaware of the 
treatment allocation. If the person is unable to participate 
in the interview, the next of kin or treating physician is 
asked. For every reported outcome event (bleeding, 
stroke, embolism and/or death), corresponding source 
documents are collected. An independent clinical event 
committee (CEC) reviews these documents and adjudi-
cates all outcome events. The CEC also reviews serious 
adverse events and unclassified events to identify poten-
tial unreported outcome events. A central imaging core 
lab evaluates all clinical imaging data prior to randomisa-
tion as well as imaging performed up to 90 ± 7 days after 
randomisation.

Primary outcome

The primary outcome is a composite binary endpoint. The 
occurrence of at least one of the following up to 30 ± 3 days 
after randomisation is considered as an outcome event: 
symptomatic intracranial haemorrhage, major extracranial 
bleeding, recurrent ischaemic stroke, systemic embolism or 
vascular death.

Symptomatic intracranial haemorrhage, including sub-
dural, epidural, subarachnoid and intracerebral haemor-
rhage, is defined as a haemorrhage that leads to a clinical 
worsening and hospitalisation or prolongation of hospitali-
sation, and is assessed by the treating physician to be the 
likely cause of the new neurological symptom or the death. 
Major extracranial bleeding (major bleeds are those that 
result in death or are life-threatening) is defined as clinically 
overt bleeding accompanied by one or more of the follow-
ing: decrease in haemoglobin of ⩾2 g/dl over a 24-h period; 
transfusion of ⩾2 units of packed red blood cells; or bleed-
ing occurring in a critical part of the body (intraspinal, 
intraocular, pericardial, intraarticular, intramuscular with 

Figure 1. Stroke size classification.

Table 2. Ischaemic stroke size classification.

Minor Moderate Major

Lesion is ⩽1.5 cm in anterior 
or posterior circulation

Lesion is in a cortical superficial branch of 
the middle cerebral artery (MCA), in the 
MCA deep branch, in the internal border 
zone territories, in a cortical superficial 
branch of the posterior cerebral artery, in 
a cortical superficial branch of the anterior 
cerebral artery

Anterior: lesion involves the complete territory of 
MCA, posterior cerebral artery, or anterior cerebral 
artery, in two cortical superficial branches of MCA, in a 
cortical superficial branch of MCA associated with the 
MCA deep branch or in >1 artery territory (e.g. MCA 
associated with anterior cerebral artery territories)
Posterior: lesion is ⩾1.5 cm in the brainstem or 
cerebellum

Caveat: multiple minor 
tiny spots (embolic 
shower) = minor stroke

Caveat: two minor lesions = moderate lesion 
(the sum of the lesions)

Caveat: two moderate lesions = large lesion

Ischaemic stroke size classification is based on: Paciaroni et al.11
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compartment syndrome, retroperitoneal). For bleeding in a 
critical area (e.g. gastrointestinal) or organ to be classified as 
major extracranial bleeding it must be associated with a 
symptomatic clinical presentation.12

Secondary outcomes

Secondary outcomes are the individual components of the 
primary endpoint at 30 ± 3 and 90 ± 7 days after randomi-
sation, favourable outcome at 90 ± 7 days defined as 
mRS ⩽ 2, mRS shift analysis at 30 ± 3 and 90 ± 7 days, 
individual components of major extracranial bleeding at 
30 ± 3 and 90 ± 7 days, all-cause mortality at 30 ± 3 and 
90 ± 7 days, drug compliance measured after 30 ± 3 days 
and the difference between treatment randomised and treat-
ment received. The main safety endpoints are symptomatic 
intracranial haemorrhage, major extracranial bleeding and 
vascular death. The main efficacy endpoints are prevention 
of recurrent ischaemic stroke and systemic embolism, as 
well as favourable outcome at 90 ± 7 days.

Other outcomes of interest

Further relevant endpoints are myocardial infarction at 
90 ± 7 days, TIA and undetermined stroke at 30 ± 3 and 
90 ± 7 days, major cardiovascular events at 90 ± 7 days as a 
composite of stroke, myocardial infarct, heart failure or car-
diovascular death, NIHSS at 90 ± 7 days and silent brain 
lesions at 90 ± 7 days.

Data safety monitoring board (DSMB)

An independent DSMB is monitoring the trial. The DSMB 
met after the first 250 patients reached data maturity and 
again after the first 500 patients. Thereafter it meets at least 
once a year.

Hypothesis and statistical analysis

The main aim of ELAN is to estimate the effect of early 
versus late initiation of DOACs in AIS patients. Therefore, 
no specific statistical hypothesis will be tested. The analy-
sis plan will focus on estimating the treatment effect and its 
uncertainty by calculating 95% confidence intervals.

Sample size calculation

The sample size is estimated based on the precision of the 
estimation as reflected by the width of the confidence inter-
val around the treatment effect estimate, that is the risk dif-
ference for the primary outcome. With 1802 patients, an 
assumed event rate in the late treatment group of 5% at the 
trial end, and an assumed risk difference of −0.5% (i.e. an 
assumed event rate of 4.5% in the early treatment group), 
the upper limit of the 95% confidence interval will be up to 
1.5% (based on Miettinen and Nurminen’s formula) favour-
ing the control group. This means that the resulting 95% CI 
will exclude values suggesting that early treatment increases 
the rate of the composite primary outcome by more than 

Figure 2. Trial schedule.
DOAC, direct oral anticoagulants; Tel., telephone; h, hours; d, days.
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1.5%. To account for possible missing outcome data, we 
plan to randomise 2000 participants.

Statistical analysis

For the primary analysis, to avoid bias due to a small num-
ber of events, we will compare the event rate between late 
treatment and early treatment using a logistic regression 
model corrected for the bias via a penalised likelihood 
method.13 The effect measure will be the odds ratio. 
Unadjusted analysis using Mantel-Haenszel risk difference 
will also be calculated along with the Miettinen and 
Nurminen confidence interval as sensitivity analyses. 
Details are provided in the statistical analysis plan. The 
variable mRS (scale with seven levels) will be analysed 
using mixed-effects ordered logistic regression. Continuous 
outcome data will be analysed using linear regression. 
Time-to-event outcomes will be described using Kaplan-
Meier curves and analysed using penalised survival meth-
ods.14 The use of three stratification factors combined with 
over 90 recruiting sites may lead to imbalances in the ran-
domisation process. However, to overcome this problem 
the deterministic minimisation method has been imple-
mented for allocation to reduce the impact of imbalances.

Interim analysis

Regular monitoring of outcome data, especially haemor-
rhage and ischaemic events, will be performed by the 
DSMB. The DSMB charter sets out thresholds for treat-
ment effects and criteria based upon which it can recom-
mend an early stopping of the trial or additional analysis. 
The thresholds are indicative of potential unacceptable 
harmful effects but are not binding.

Study organisation and funding

ELAN is an investigator-initiated clinical trial. The sponsor 
of the trial is the University Hospital Bern (Inselspital) and 
the trial is supported by grants from the Swiss National 
Science Foundation (32003B_197009; 32003B_169975), 
the Swiss Heart Foundation, the UK Stroke Association 
(2017/02) and the Intramural Research Fund (20-4-5) for 
Cardiovascular Diseases of the National Cerebral and 
Cardiovascular Centre, Japan. The clinical trial is managed 
by the Neuro Clinical Trial Unit at the Department of 
Neurology, University Hospital Bern, Switzerland. The 
database, central data monitoring and statistical analyses 
are performed by the CTU Bern at the University of Bern, 
Switzerland.

Ethical approval

Ethical approval for the study was granted by the Cantonal 
Ethics Commission (KEK) in Bern, Switzerland and 

subsequently by all local authorities and/or, if applicable, 
by national lead ethics committees and competent regula-
tory authorities at all participating sites.

Trial status

On 30 March 2022, 1649 patients had been randomised  
into the ELAN trial. Information on baseline characteristics 
of the first 1000 patients randomised is provided in 
Supplemental Table 2.

Discussion

ELAN is a global pragmatic randomised controlled trial 
addressing an important unanswered clinical dilemma, 
whether it is safe and beneficial to start anticoagulation 
therapy with DOACs early on after an AF-related AIS. 
Observational studies suggest that the risk of recurrent 
stroke is seven times higher than the risk of haemorrhagic 
transformation early on after recent stroke, yet the fear of 
harming the patient by starting anticoagulation too early 
prevents many physicians from doing so.15 In the absence 
of evidence, many physicians worldwide have adopted the 
‘1–3–6–12 day rule’.3 This approach is supported by an 
expert opinion statement by the European Stroke 
Organisation.4 However, it may be beneficial to start DOAC 
therapy earlier. The ELAN trial therefore compares an 
 earlier treatment start (i.e. within 48 h of a minor or moder-
ate stroke and at day 6–7 after a major stroke) with this 
current standard of care.

Given that haemorrhagic transformation is dependent on 
lesion size, ELAN uses an imaging-based approach to 
exclude patients with early parenchymal haemorrhage, 
which can be easily detected on a CT scan prior to randomi-
sation. Infarct size on imaging prior to randomisation is also 
used to classify participants according to whether they have 
minor, moderate or major stroke. This is in contrast to the 
EHRA guideline, which classifies stroke severity based on 
the NIHSS score.3 We chose our approach because the 
NIHSS score is strongly influenced by infarct location as 
well as lesion size.4,5 For example, patients with a deep or 
brainstem stroke can have a high NIHSS score but a low 
infarct volume, and patients with large cerebellar or non-
dominant hemispheric infarction may have a relatively low 
NIHSS.

In the ELAN trial we will estimate the treatment effect 
and the degree of precision by calculating the odds ratio of 
the predefined outcomes and the corresponding 95% CI. The 
trial has not been designed to statistically test a specific sta-
tistical hypothesis, nor is it a non-inferiority trial. The ration-
ale for this decision is twofold. First, when we designed the 
trial, there was a lack of high-quality data on event rates in 
this setting, making it difficult to identify an appropriate non-
inferiority margin. Second, the assumed low event rate would 
require a very large trial to assess either superiority or 
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non-inferiority and this would not necessarily provide greater 
clarity concerning patient management. ELAN is already 
one of the largest trials in this population with many partici-
pating sites that have been enrolling patients over several 
years. Although we propose a different analytic approach to 
that often seen in clinical trials, this should not hinder inter-
pretation of trial data or their clinical utility. We also believe 
that the complexity of managing patients with AF early on 
after AIS precludes simplified dichotomous decision-making 
and necessitates some leeway for individual decision-mak-
ing. This is best supported by estimation rather than statisti-
cal hypothesis-testing, and, where there is insufficient clinical 
information, this is an accepted approach.16–18

ELAN is one of several contemporaneous randomised 
controlled trials comparing early versus late anticoagula-
tion with DOACs in people with AIS and AF (Supplemental 
Table 3). ELAN differs from the Swedish TIMING 
(NCT02961348) and the British OPTIMAS (NCT03 
759938) trials by randomising people with minor and mod-
erate strokes within 48 h, by its imaging-based approach and 
by comparing the ultra-early initiation with the 1–3–6–12 
rule, which has become the standard of care for many physi-
cians. In contrast to the American STAR (NCT03021928) 
trial, ELAN also includes patients with large infarct vol-
umes. Furthermore, ELAN is a pragmatically designed 
global trial with sites in Europe, the Middle East and Asia, 
intending to provide easily applicable results for worldwide 
use. All four trials have their own strengths, and individual 
patient-data meta-analyses of all these trials are planned.

Summary and conclusions

ELAN will establish whether there is a clinically important 
difference in efficacy and safety outcomes of early treat-
ment with a DOAC compared to late guideline-based treat-
ment, in neuroimaging-selected people with an AIS related 
to AF. The ELAN trial has the potential to resolve a major 
clinical dilemma for many stroke physicians, to change 
future stroke guidelines and to benefit patients.
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Appendix

Abbreviations

AF atrial fibrillation
AIS acute ischaemic stroke
CEC Clinical Event Committee
DAPT dual antiplatelet therapy
DSMB Data Safety Monitoring Board
EHRA European Heart Rhythm Association
INR International Normalized Ratio
MCA middle cerebral artery
SAE serious adverse events




