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Edoxaban versus enoxaparin–warfarin in patients 
undergoing cardioversion of atrial fi brillation (ENSURE-AF): 
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Summary
Background Edoxaban, an oral factor Xa inhibitor, is non-inferior for prevention of stroke and systemic embolism in 
patients with atrial fi brillation and is associated with less bleeding than well controlled enoxaparin–warfarin therapy. 
Few safety data about edoxaban in patients undergoing electrical cardioversion are available.

Methods We did a multicentre, prospective, randomised, open-label, blinded-endpoint evaluation trial in 19 countries 
with 239 sites comparing edoxaban 60 mg per day with enoxaparin–warfarin in patients undergoing electrical 
cardioversion of non-valvular atrial fi brillation. The dose of edoxaban was reduced to 30 mg per day if one or more 
factors (creatinine clearance 15–50 mL/min, low bodyweight [≤60 kg], or concomitant use of P-glycoprotein inhibitors) 
were present. Block randomisation (block size four)—stratifi ed by cardioversion approach (transoesophageal 
echocardiography [TEE] or not), anticoagulant experience,  selected edoxaban dose, and region—was done through a 
voice-web system. The primary effi  cacy endpoint was a composite of stroke, systemic embolic event, myocardial 
infarction, and cardiovascular mortality, analysed by intention to treat. The primary safety endpoint was major and 
clinically relevant non-major (CRNM) bleeding in patients who received at least one dose of study drug. Follow-up 
was 28 days on study drug after cardioversion plus 30 days to assess safety. This trial is registered with ClinicalTrials.
gov, number NCT02072434.

Findings Between March 25, 2014, and Oct 28, 2015, 2199 patients were enrolled and randomly assigned to receive 
edoxaban (n=1095) or enoxaparin–warfarin (n=1104). The mean age was 64 years (SD 10·54) and mean CHA2DS2-
VASc score was 2·6 (SD 1·4). Mean time in therapeutic range on warfarin was 70·8% (SD 27·4). The primary effi  cacy 
endpoint occurred in fi ve (<1%) patients in the edoxaban group versus 11 (1%) in the enoxaparin–warfarin group 
(odds ratio [OR] 0·46, 95% CI 0·12–1·43). The primary safety endpoint occurred in 16 (1%) of 1067 patients given 
edoxaban versus 11 (1%) of 1082 patients given enoxaparin–warfarin (OR 1·48, 95% CI 0·64–3·55). The results were 
independent of the TEE-guided strategy and anticoagulation status.

Interpretation ENSURE-AF is the largest prospective randomised clinical trial of anticoagulation for cardioversion of 
patients with non-valvular atrial fi brillation. Rates of major and CRNM bleeding and thromboembolism were low in 
the two treatment groups.

Funding Daiichi Sankyo provided fi nancial support for the study.

Introduction
Restoration of sinus rhythm in patients with atrial 
fi brillation is often performed to reduce symptoms. 
Rhythm control can be achieved by electrical cardioversion, 
by antiarrhythmic drugs (so-called pharmacological 
cardioversion), or by both antiarrhythmic drugs and 
electrical cardioversion.

Cardioversion confers a risk of thromboembolism peri-
cardioversion and current guidelines recommend a 
minimum of 3 weeks of therapeutic anticoagulation 
(whether oral or parenteral) before elective cardioversion, 
and continuation of anticoagulation for a minimum of 
4 weeks after cardioversion (and longer in patients at 
risk of atrial fi brillation recurrence or if stroke risk factors 
are present).1,2 Cardioversion can be guided by 
transoesophageal echocardiography (TEE) to exclude left 

atrial appendage thrombi, which, if present, contraindicate 
cardioversion.

Vitamin K antagonists (eg, warfarin) have traditionally 
been used as oral anticoagulation for cardioversion, but 
vitamin K antagonists have various limitations with 
substantial interpatient and intrapatient variability, 
requiring regular monitoring to ensure therapeutic 
anticoagulation within a target international normalised 
ratio (INR) range of 2·0–3·0.3 The diffi  culties of managing 
vitamin K antagonists led to variable time to achieve the 
therapeutic range. In some cases the time to achieve the 
therapeutic range can be prolonged, hence delaying the 
cardioversion procedure for a minimum of 3 weeks of 
therapeutic anticoagulation before elective cardioversion. 
This delay is particularly relevant in medical care settings 
with no access to TEE, and heparin bridging is sometimes 
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used to optimise anticoagulation pending therapeutic 
anticoagulation with vitamin K antagonists.

More recently, the non-vitamin K antagonist oral 
anticoagulants (NOACs) have been introduced to over-
come some of the limitations associated with vitamin K 
antagonists.4 Edoxaban had non-inferior effi  cacy and 
superior safety (20% reduction in major bleeding and a 
53% reduction in intracranial bleeding) compared with 
well controlled warfarin for the prevention of stroke and 
systemic embolism in patients with non-valvular atrial 
fi brillation in the ENGAGE AF-TIMI 48 study.5

Data about NOACs for peri-cardioversion have been 
provided by post-hoc subgroup analyses from large 
phase 3 stroke prevention trials6–9 and one randomised 
trial (X-VERT).10 These data suggest that NOACs would 
probably be safe in the peri-cardioversion setting and 
could be an alternative to vitamin K antagonists. In the 
ENGAGE AF-TIMI 48 trial, there were relatively few 
cardioversion procedures, and thus only limited data 
about edoxaban in the setting of electrical cardioversion 
of non-valvular atrial fi brillation are available.9 In a 
phase 3b prospective randomised trial (the ENSURE-AF 
study), we aimed to assess the effi  cacy and safety of 
edoxaban compared with best possible conventional 
therapy (enoxaparin–warfarin) in patients with atrial 
fi brillation undergoing cardioversion. For the comparator 
con ventional therapy, we used enoxaparin bridging to 
reduce time to achieve the therapeutic range and to cover 
transient suboptimal anticoagulation periods with 
warfarin alone peri-cardioversion.

Methods
Study design and participants
The detailed design of the ENSURE-AF study has been 
reported previously.11 In brief, we designed a prospective, 
randomised, open-label, parallel-group study with 
blinded-endpoint evaluation. Eligible patients were those 
with non-valvular atrial fi brillation (of duration no 

shorter than 48 h and no longer than 12 months) and 
who were planned for electrical cardioversion and 
anticoagulation therapy. Patients who were receiving or 
had received previous anticoagulant or antiplatelet 
therapies (or both) were eligible, as were patients who 
had not previously received anticoagulant or antiplatelet 
therapy. The study was done at 239 study sites in 
19 countries in Europe and the USA. 

The study was done in compliance with the protocol, 
the ethical principles as outlined in the Declaration of 
Helsinki, the International Conference on Harmonization 
(ICH) consolidated Guideline E6 for Good Clinical 
Practice (GCP) (CPMP/ICH/135/95), and applicable 
regulatory requirements. The protocol and its amend-
ments were approved by ethics committees or 
institutional review boards. All patients provided written 
informed consent prior to participation in the study.

Randomisation and masking
Patients were randomly assigned (1:1) to either edoxaban 
or enoxaparin–warfarin within each stratum. Patients 
were stratifi ed according to cardioversion approach 
(TEE or non-TEE) as determined by the local investigator, 
the patient’s previous experience in taking anticoagulants 
at the time of randomisation (ie, anticoagulant-
experienced or anticoagulant-naive), selected edoxaban 
dose (60 mg daily or reduced 30 mg daily dose), and 
region. Block randomisation (block size four) with 
stratifying factors was done through a voice-web system. 
Patients with creatinine clearance 15–50 mL/min, low 
bodyweight (≤60 kg), or concomitant use of P-glycoprotein 
inhibitors (with the exception of amiodarone) received 
the reduced dose (30 mg) of edoxaban. Enrolment was 
managed to achieve the balance of treatment assignment 
within each stratum. In this open-label trial, patients, 
study investigators, and statisticians were not masked to 
treatment allocation. The adjudication committee were 
masked to treatment allocation.
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Research in context

Evidence before this study
Post-hoc studies of cardioversion, although limited 
because of lengthy anticoagulation before the cardioversion, 
have shown a good safety profile for non-vitamin K 
antagonist oral anticoagulants (NOACs). One prospective 
study evaluating rivaroxaban against non-optimised 
vitamin K antagonist management suggested a good safety 
profile of this agent. All of these studies are limited by 
small numbers. Data about the use of NOACs for peri-
cardioversion have been provided by post-hoc subgroup 
analyses from large phase 3 stroke prevention trials and one 
randomised trial. There are limited data with edoxaban in the 
setting of electrical cardioversion of non-valvular atrial 
fi brillation.

Added value of this study
The ENSURE-AF study is the largest randomised clinical trial of 
anticoagulation for cardioversion in patients with atrial fi brillation, 
with fi ndings showing very low event rates against exceptionally 
well controlled warfarin. This trial also provides the largest 
prospective trial data for an NOAC (ie, edoxaban) in this clinical 
setting. Edoxaban was also compared against optimised standard 
care (warfarin with enoxaparin bridging), with the time in the 
therapeutic range on warfarin being more than 70%, and excellent 
adherence to edoxaban therapy with more than 99% compliance.

Implications of all the available evidence
The NOACs seem to be safe and user friendly, and provide rapid 
onset of oral anticoagulation; they provide an alternative to 
heparin plus warfarin. 
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Procedures
In the TEE-guided stratum, by protocol both the TEE and 
cardioversion had to be performed within 3 days of 
randomisation. Patients in the enoxaparin–warfarin 
group with INR less than 2·0 started treatment with a 
minimum of one dose each of enoxaparin and warfarin 
before cardioversion, and these drugs were continued 
until INR of 2·0 or greater was obtained. After a 
therapeutic range was achieved, patients were to 
discontinue enoxaparin and continue warfarin until end 
of treatment (day 28 after the procedure). Patients in the 
enoxaparin–warfarin group with INR above 2·0 at the 
time of randomisation did not require enoxaparin and 
were treated with warfarin alone. The dose of warfarin 
was adjusted to achieve and maintain the therapeutic INR 
level of 2·0–3·0. INR measurements were conducted 
once every 2–3 days until the value reached the therapeutic 
range; thereafter patients attended planned study visits 
but could have ad-hoc INR checks as deemed necessary 
by the investigator. Patients randomly assigned to the 
edoxaban group had to start treatment at least 2 h before 
electrical cardioversion. Patients who transitioned from a 
previous anticoagulant to edoxaban did so in accordance 
with a transition algorithm provided in the protocol. The 
next dose of edoxaban was taken the day after 
cardioversion and then continued on a 24-h cycle until 
day 28 post cardioversion. In both groups, the 
cardioversion procedure had to be performed within a 
maximum of 3 days from randomisation and both TEE 
and cardioversion could be performed on the same day. 
Patients with thrombi on TEE had a choice of completing 
28 days of study treatment without cardioversion or being 
discontinued from the study. At the end of treatment a 
transition algorithm was used where necessary when 
switching to continuous anticoagulant therapy.11 All 
patients were followed up for safety for another 30 days 
after completing or discontinuing the treatment.

In the non-TEE-guided stratum, patients in the 
enoxaparin–warfarin group with INR of 2·0 or greater at 
randomisation did not require enoxaparin and received 
warfarin anticoagulation for a minimum of 21 days from 
the day of randomisation. Patients with an INR less than 
2·0 at randomisation received enoxaparin and daily 
warfarin until the INR was 2·0 or greater. At that time, 
enoxaparin was discontinued and warfarin continued for 
a minimum of 21 days after the day of randomisation. 
INR measurements were done every 2–3 days until the 
value reached the therapeutic range and as needed 
thereafter. In all patients, electrical cardioversion was 
performed at a minimum of 21 days following the start of 
treatment. In the edoxaban group, patients received 
edoxaban for a minimum of 21 days before cardioversion 
followed by the procedure and an additional 28 days of 
treatment. A separate algorithm on the management 
of patients with labile INR was provided in the protocol 
and the 21-day pre-treatment cycle was allowed to be re-
started under predefi ned circumstances. Patients who 

transitioned from a previous anticoagulant to edoxaban 
did so in accordance with the transition algorithm 
provided. All patients in the non-TEE-guided strategy 
were followed up for safety for 30 days after completing 
treatment. Patients with spontaneous cardioversion in 
the preprocedural period (confi rmed by a recording of 
sinus rhythm) needed to complete 28 days of treatment 
from the day that spontaneous cardioversion was noted 
and 30 days of follow-up.

Outcomes
The primary effi  cacy objective of this study was to 
compare the occurrence of a composite endpoint of 
stroke, systemic embolic event, myocardial infarction, 
and cardiovascular mortality between the edoxaban 
group and the enoxaparin–warfarin group from 
randomisation to end of follow-up. The primary safety 
objective of this study was to compare the occurrence of a 
composite endpoint of major and clinically relevant non-
major (CRNM) bleeding between the edoxaban group 
and the enoxaparin–warfarin group from the fi rst 
administration of study drug to end of treatment. The 
secondary objective of this study was to compare the 
occurrence of a composite endpoint of stroke, systemic 
embolic event, myocardial infarction, cardiovascular 
mortality, and major bleeding (ie, net clinical benefi t) 
between the edoxaban group and the enoxaparin–
warfarin group from randomisation to end of follow-up. 
An independent study-specifi c clinical events committee 
reviewed and adjudicated key endpoint events (all deaths, 
suspected strokes and transient ischaemic attacks, 
suspected systemic embolic events, suspected myocardial 
infarctions, overt bleeding events that required medical 
attention, and liver enzyme abnormalities requiring 
study drug discontinuation) in a blinded manner.

Statistical analysis
2200 patients were planned to be randomly assigned into 
the study (1100 per treatment group) to achieve 
approximately 2000 electrical or spontaneous cardio-
versions. On the basis of post-hoc analyses of the 
cardioversion population in the RE-LY study,6 we expected 
the event rate in the warfarin group to be about 0·6% for 
stroke and systemic embolic event and around 
1·4–1·6% for major and CRNM bleeding during the 
30 days after cardioversion. Therefore, a study design 
with a formal hypothesis of either non-inferiority or 
superiority of edoxaban versus enoxaparin–warfarin 
would have led to a prohibitively large sample size, which 
we did not deem to be feasible with the anticipated low 
event rates. Assuming the warfarin group has an event 
rate of 0·6% during the 30 day period, nearly 
40 000 patients would be needed to show a 0·2% 
diff erence with 80% power. This study was therefore 
sized with an appropriate number of patients to provide a 
95% CI around the point estimate of the diff erence with 
0·68% precision for the combined effi  cacy endpoint.
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The primary effi  cacy analysis was done on the 
intention-to-treat population (all individuals who were 
enrolled into the study and randomly assigned). The 
primary safety analysis included all individuals who 
took at least one dose of study drug (the safety 
population). Sensitivity analyses were done in the 
per-protocol population of all randomly assigned 
individuals without any predefi ned major protocol 
deviations.

This trial is registered with ClinicalTrials.gov, number 
NCT02072434.

Role of the funding source
The ENSURE-AF study was sponsored and funded by 
Daiichi Sankyo Pharma Development and Daiichi 
Sankyo Development. An executive steering committee 
in collaboration with the funder was responsible for the 
design and oversight of the study. The funder was 
responsible for the collection, maintenance, and analysis 
of data. All authors, including employees of the sponsor, 

had access to, analysed, and interpreted the data and 
prepared, reviewed, and approved the report, and were 
involved in the decision to submit the manuscript for 
publication.

Results
Between March 25, 2014, and Oct 28, 2015, 2199 patients 
were enrolled and randomly assigned in the trial (fi gure), 
1095 to edoxaban and 1104 to enoxaparin–warfarin. 
988 (90%) of those assigned to edoxaban and 966 (88%) of 
those assigned to enoxaparin–warfarin were cardioverted 
electrically or cardioverted spontaneously. The mean age of 
participants was 64 years and two-thirds of patients were 
men (table 1). The mean CHA2DS2-VASc score was 2·6 
(SD 1·4) in both treatment groups (table 1). Demographics 
and baseline characteristics are shown in table 1.

Approximately 27% of all patients (600 individuals) 
were naive to oral anticoagulants (defi ned as not having 
taken any anticoagulant within 30 days before randomi-
sation) at the time of randomisation. In the edoxaban 
group, 513 (47%) patients were taking vitamin K 
antagonist and were transitioned to edoxaban.

Of the trial cohort, 589 patients in the edoxaban group 
and 594 in the enoxaparin–warfarin group were stratifi ed 
to the TEE-guided cardioversion strategy (table 2). In the 
enoxaparin–warfarin group, after INR of 2·0–3·0 was 
reached, mean time in the therapeutic range on warfarin 
was 70·8% (SD 27·4). The median time between 
randomisation and cardioversion was the same in the 
two treatment groups (TEE stratum 2·0 days in both 
groups; non-TEE stratum 23 days in both groups). In the 
edoxaban group, compliance with treatment was 
>99%, assessed by tablet count. One patient of 2199 (<1%) 
was lost to follow-up.

The combined primary endpoint in the overall 
population (ITT analysis) occurred in fi ve (<1%) patients 
in the edoxaban group and 11 (1%) patients in the 
enoxaparin–warfarin group (odds ratio [OR] 0·46, 
95% CI 0·12–1·43; table 2). The main diff erence 
between the treatment groups was driven by cardio-
vascular mortality, with one (0·1%) in the edoxaban 
group and fi ve (0·5%) in the enoxaparin–warfarin 
group. There were two (<1%) patients with stroke in the 
edoxaban group and three (<1%) in the enoxaparin–
warfarin group, but no intracranial haemorrhages were 
observed in either treatment groups. There was one 
(<1%) patient with systemic embolism in each treatment 
group, two (<1%) patients with myocardial infarction in 
the edoxaban group, and three (<1%) patients with 
myocardial infarction in the enoxaparin–warfarin 
group. Of the 16 events in the study, 12 occurred while 
on the study treatment: of these, four (<1%) were in the 
edoxaban group and eight (1%) were in the enoxaparin–
warfarin group (OR 0·51, 95% CI 0·11–1·89).

In the TEE-guided stratum, primary effi  cacy outcome 
events occurred in two (<1%) of 589 patients in the 
edoxaban group and in fi ve (1%) of 594 patients in the 

2199 randomised

66 did not complete treatment
 24 adverse event
 1 death
 0 INR not stabilised (<2·0)
 10 physician decision
 10 withdrawal by patient
 21 other

 

 1067 received study drug
 28 did not receive study drug
 

1095 included in intention-to-treat 
  population
1067 included in safety population
 

1001 completed treatment
 

988 cardioversion performed or
  auto-converted
 

1095 to edoxaban

113 did not complete treatment
 22 adverse event
 2 death
 21 INR not stabilised (<2·0)
 9 physician decision
 24 withdrawal by patient
 35 other

 

 1082 received study drug
 22 did not receive study drug
 

1104 included in intention-to-treat 
  population
1082 included in safety population
 

969 completed treatment
 

1014 completed the study
 90 did not complete the study
 1 lost to follow-up
 6 adverse event
 6 death
 10 physician decision
 9 protocol violation
 29 withdrew consent
 29 other*

1041 completed the study
 54 did not complete the study
 0 lost to follow-up
 7 adverse event
 1 death
 5 physician decision
 10 protocol violation
 17 withdrew consent
 14 other*

966 cardioversion performed or
  auto-converted
 

1104 to warfarin

Figure: Study design
*Multiple reasons, mainly due to exclusion criteria, technical issues with TEE 
performance, or non-stabilised INR. TEE=transoesophageal echocardiography. 
INR=international normalised ratio. 
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Total by treatment Transoesophageal 
echocardiography stratum

Non-transoesophageal 
echocardiography stratum

Edoxaban 
(n=1095)

Enoxaparin–
warfarin 
(n=1104)

Edoxaban 
(n=589)

Enoxaparin–
warfarin 
(n=594)

Edoxaban 
(n=506)

Enoxaparin–
warfarin 
(n=510)

Age

Mean age, years 64·3 (10·3) 64·2 (10·8) 64·9 (10·5) 64·5 (11·2) 63·6 (10·1) 63·8 (10·3)

<75 years 923 (84%) 917 (83%) 482 (82%) 479 (81%) 441 (87%) 438 (86%)

≥75 years 172 (16%) 187 (17%) 107 (18%) 115 (19%) 65 (13%) 72 (14%)

Sex

Men 721 (66%) 722 (65%) 385 (65%) 389 (65%) 336 (66%) 333 (65%)

Women 374 (34%) 382 (35%) 204 (35%) 205 (35%) 170 (34%) 177 (35%)

Race (proportion white) 1062 (97%) 1086 (98%) 570 (97%) 581 (98%) 492 (97%) 505 (99%)

Region

Eastern Europe 650 (59%) 649 (59%) 397 (67%) 398 (67%) 253 (50%) 251 (49%)

Middle East or Africa 39 (4%) 43 (4%) 15 (3%) 16 (3%) 24 (5%) 27 (5%)

North America 46 (4%) 49 (4%) 22 (4%) 24 (4%) 24 (5%) 25 (5%)

Western Europe 360 (33%) 363 (33%) 155 (26%) 156 (26%) 205 (41%) 207 (41%)

Bodyweight

Mean weight, kg 90·9 (18·3) 91·2 (19·0) 90·3 (18·6) 90·3 (17·2) 91·6 (18·1) 92·2 (20·9)

≤60 kg 21 (2%) 33 (3%) 12 (2%) 16 (3%) 9 (2%) 17 (3%)

Body-mass index 

Mean body-mass index, kg/m² 30·6 (5·7) 30·7 (5·8) 30·4 (5·6) 30·4 (5·4) 31·0 (5·7) 31·0 (6·3)

<30 kg/m² 560 (51%) 559 (51%) 322 (55%) 307 (52%) 238 (47%) 252 (49%)

Edoxaban dose 30 mg* 94 (9%) 91 (8%) 51 (9%) 51 (9%) 43 (8%) 40 (8%)

Creatinine clearance 94·0 (35·7) 94·1 (34·7) 91·9 (35·8) 91·8 (32·0) 96·3 (35·6) 96·8 (37·4)

Mean creatinine clearance

≤50 mL/min 83 (8%) 76 (7%) 47 (8%) 43 (7%) 36 (7%) 33 (6%)

>50 and <80 mL/min 304 (28%) 315 (29%) 175 (30%) 171 (29%) 129 (25%) 144 (28%)

≥80 mL/min 643 (59%) 636 (58%) 328 (56%) 332 (56%) 315 (62%) 304 (60%)

Anticoagulant experienced 791 (72%) 808 (73%) 426 (72%) 440 (74%) 365 (72%) 368 (72%)

Current user of vitamin K antagonist† 513 (47%) 558 (51%) 251 (43%) 294 (49%) 262 (52%) 264 (52%)

Current user of non-vitamin K antagonist oral 
anticoagulant†

157 (14%) 148 (13%) 103 (17%) 101 (17%) 54 (11%) 47 (9%)

CHA2DS2-VASc score (mean) 2·6 (1·4) 2·6 (1·4) 2·7 (1·5) 2·7 (1·5) 2·5 (1·5) 2·5 (1·3)

0–1 252 (23%) 232 (21%) 132 (22%) 121 (20%) 120 (24%) 111 (22%)

2 305 (28%) 306 (28%) 161 (27%) 160 (27%) 144 (28%) 146 (29%)

>2 536 (49%) 560 (51%) 295 (50%) 309 (52%) 241 (48%) 251 (49%)

Atrial fi brillation history

Paroxysmal (≤7 days) 208 (19%) 207 (19%) 138 (23%) 132 (22%) 70 (14%) 75 (15%)

Persistent (>7 days, <1 year) 887 (81%) 890 (81%) 451 (77%) 458 (77%) 436 (86%) 432 (85%)

Medical history

Congestive heart failure 476 (43%) 484 (44%) 258 (44%) 259 (44%) 218 (43%) 225 (44%)

Coronary artery disease 181 (17%) 197 (18%) 89 (15%) 111 (19%) 92 (18%) 86 (17%)

Hypertension 850 (78%) 864 (78%) 471 (80%) 474 (80%) 379 (75%) 390 (76%)

Diabetes 218 (20%) 197 (18%) 115 (20%) 105 (18%) 103 (20%) 92 (18%)

Ischaemic heart disease 2 (<1%) 3 (<1%) 2 (<1%) 1 (<1%) 0 2 (<1%)

Ischaemic stroke or transient ischaemic attack 68 (6%) 66 (6%) 42 (7%) 45 (8%) 26 (5%) 21 (4%)

Life-threatening bleed 3 (<1%) 3 (<1%) 3 (1%) 1 (<1%) 0 2 (<1%)

*Dose reduction factors were: creatinine clearance 15–50 mL/min, low bodyweight (≤60 kg), or concomitant use of P-glycoprotein inhibitors (excluding amiodarone). 
†Current defi ned as using vitamin K antagonist or non-vitamin K antagonist oral anticoagulant at randomisation or within 30 days before randomisation. Percentages are 
based on the numbers of anticoagulant experienced. 

Table 1: Demographics and baseline characteristics (intention-to-treat population) 
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enoxaparin–warfarin group (OR 0·40, 95% CI 0·04–2·47). 
The number of patients who had left atrial appendage 
thrombus identifi ed in the TEE stratum of the study was 
47 (8%) in the edoxaban group (of whom 45 continued 
with the therapy but not cardioversion) and 42 (7·1%) in 
the enoxaparin–warfarin group (of whom 41 continued 
with therapy but not cardioversion). Of those patients that 
continued with the study treatment, none had either 
primary effi  cacy or safety outcomes reported. In the non-
TEE-guided stratum, the effi  cacy outcome occurred in 
three (1%) of 506 patients in the edoxaban group and in 
six (1%) of 510 patients in the enoxaparin–warfarin group 
(OR 0·50, 95% CI 0·08–2·36).

In patients who had not previously received oral 
anticoagulation, the primary effi  cacy outcome events 
occurred in one (<1%) of 304 patients in the edoxaban 
group and four (1%) of 296 patients in the enoxaparin–
warfarin group (OR 0·24, 95% CI 0·00–2·46). In patients 
with previous oral anticoagulation use, the respective 
incidences were four (1%) of 791 in the edoxaban group 
and seven (1%) of 808 in the enoxaparin–warfarin group 
(OR 0·58, 95% CI 0·12–2·30; appendix). Notwithstanding 
the low event rates, there was general consistency in the 
main subgroups, including age 75 years or older, sex, 
CHA2DS2-VASc score, previous anticoagulation naive 
status, atrial fi brillation subtype (paroxysmal or 
persistent), and creatinine clearance strata (appendix).

In the predefi ned per-protocol population, excluding 
patients with major protocol violations, the number of 
events was equal to the main analysis for both treatment 
groups.

The primary safety endpoint of combined major and 
CRNM bleeding events in the safety population during 
the on-treatment period occurred in 16 (1%) of 
1067 patients in the edoxaban group and in 11 (1%) 
of 1082 patients in the enoxaparin–warfarin group 
(OR 1·48, 95% CI 0·64–3·55; table 3). No intracranial 
bleedings were reported in the study in either of the 

treatment groups. Fatal bleeding was reported in one 
patient in the enoxaparin–warfarin group, whereas 
life-threatening bleeds occurred in one (<1%) patient in 
the edoxaban group and one patient (<1%) in the 
enoxaparin–warfarin group.

In the TEE-guided stratum, the incidence of major and 
CRNM bleeding was 11 (2%) of 570 patients in the 
edoxaban group and fi ve (1%) of 577 patients in the 
enoxaparin–warfarin group (OR 2·25, 95% CI 
0·71–8·31), whereas major bleeding occurred in three 
(1%) and two (<1%) patients, respectively (table 3). In the 
non-TEE-guided stratum, the incidence of major and 
CRNM bleedings was fi ve (1%) of 497 patients in the 
edoxaban group and six (1%) of 505 patients in the 
enoxaparin–warfarin group (OR 0·85, 95% CI 
0·20–3·35), whereas major bleeding occurred in no 
patients in the edoxaban group and three (1%) patients 
in the enoxaparin–warfarin gorup. Notwithstanding the 
low event rates, there was also general consistency in the 
main subgroups, including creatinine clearance strata 
(appendix). Specifi cally, when comparing both effi  cacy 
and safety outcomes between patients who were 
anticoagulant experienced and those who were 
anticoagulant naive, the results maintained general 
consistency.

The cumulative incidence for the composite net clinical 
benefi t outcome of stroke, systemic embolic event, transient 
ischaemic attack, myocardial infarction, cardiovascular 
mortality, and major bleeding events was eight (1%) patients 
in the edoxaban group and 16 (1%) in the enoxaparin–
warfarin group (OR 0·50, 95% CI 0·19–1·25) during the 
overall study period (table 4).

The rate of successful cardioversions in the study was 
718 (78%) in the edoxaban group and 693 (80%) in the 
enoxaparin–warfarin group. Several sensitivity analyses 
were conducted using the per-protocol study population, 
and results did not reveal any signifi cant diff erence to the 
data provided above (data not shown).

See Online for appendix

Total by treatment Transoesophageal echocardiography 
stratum

Non-transoesophageal 
echocardiography stratum

Edoxaban 
(n=1095)

Warfarin 
plus 
enoxaparin 
(n=1104)

OR (95% CI) Edoxaban 
(n=589)

Warfarin 
plus 
enoxaparin 
(n=594)

OR (95% CI) Edoxaban 
(n=506)

Warfarin 
plus 
enoxaparin 
(n=510)

OR (95% CI)

Primary endpoint* 5 (<1%) 11 (1%) 0·46 
(0·12–1·43)

2 (<1%) 5 (1%) 0·40 
(0·04–2·47)

3 (1%) 6 (1%) 0·50 
(0·08–2·36)

Stroke 2 (<1%) 3 (<1%) 0·67 
(0·06–5·88)

0 2 (<1%) ·· 2 (<1%) 1 (<1%) ··

Intracranial haemorrhage 0 0 ·· 0 0 ·· 0 0 ··

Systemic embolic event 1 (<1%) 1 (<1%) ·· 1 (<1%) 1 (<1%) ·· 0 0 ··

Myocardial infarction 2 (<1%) 3 (<1%) 0·67 
(0·06–5·88)

0 2 (<1%) ·· 2 (<1%) 1 (<1%) ··

Cardiovascular death 1 (<1%) 5 (<1%) 0·20 (0–1·80) 1 (<1%) 0 ·· 0 5 (1%) ··

OR=odds ratio. *Primary endpoint was composite of stroke, systemic embolic event, myocardial infarction, and cardiovascular mortality.

Table 2: Primary effi  cacy results in the intention-to-treat population for the overall study period 
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Table 5 summarises overall treatment-emergent 
adverse eff ects. There were no signifi cant diff erences 
between the edoxaban and enoxaparin–warfarin groups.

Discussion
In this prospective randomised trial of patients with atrial 
fi brillation undergoing cardioversion, edoxaban had similar 
rates of major bleeding and thromboembolism compared 
with patients on well managed, optimised enoxaparin–
warfarin therapy. The results were similar between 
conventional or TEE-guided strategies, previous anti-
coagulation status, and across all other main subgroups.

The evidence base for warfarin was provided by 
observational cohort studies, and no randomised trial 
of warfarin compared with placebo or control has ever 
been done.12 In phase 3 randomised trials of NOACs 
compared with warfarin, planned cardioversion at 
study entry was an exclusion criterion, but some 
patients underwent cardioversion during the course of 
the trial. In the RE-LY trial,5 1983 cardioversions were 
done in 1270 patients (647 in the dabigatran 110 mg 
twice daily group, 672 in the dabigatran 150 mg twice 
daily group, and 664 in the warfarin group). The 
occurrence of stroke and major bleeding within 30 days 
in patients receiving either dose of dabigatran was low 
and similar to event rates on warfarin with or without 
TEE guidance. Fewer patients undergoing 
cardioversion were reported for rivaroxaban, apixaban, 
and edoxaban as post-hoc subgroup analyses from 
their respective clinical trials.6–9

The only other prospective randomised trial that has 
compared an NOAC with usual care (both warfarin plus 
heparin if needed, heparin at the investigator’s discretion 
and non-standardised) was the X-VERT trial,10 which 
compared rivaroxaban (20 mg, or 15 mg in patients with 
moderate renal impairment) with vitamin K antagonist in 

1504 patients with atrial fi brillation undergoing 
cardioversion. Non-standardised heparin treatment might 
have led to a low use of enoxaparin and, consequently, to 
delayed cardioversion and possible exposure of patients to 
thromboembolic risks before and after procedure. 
Nonetheless, the X-VERT trial results showed that 
rivaroxaban was associated with risks of thromboembolism 
and bleeding that were low and broadly similar to those 
observed with vitamin K antagonist treatment, for both 
early (usually TEE-guided) and delayed (conventional) 
cardioversion strategies.10 Of note, patients randomly 
assigned to the vitamin K antagonist group in X-VERT 
received warfarin or another vitamin K antagonist at the 
investigator’s discretion, based on local clinical practice; 
hence, vitamin K antagonist use was heterogeneous, being 
locally controlled and supplied, and not centrally controlled 
as in ENSURE-AF. These protocol aspects could have 
resulted in less optimally controlled and stable 
anticoagulation in the warfarin group of X-VERT; only 77% 
of patients in X-VERT underwent cardioversion within the 
target time range of 1–5 days (in the early [ie, TEE-guided] 
stratum) or 21–25 days (in the delayed cardioversion 
stratum) after randomisation. Additionally, in the delayed 

Total by treatment Transoesophageal echocardiography stratum Non-transoesophageal echocardiography 
stratum

Edoxaban 
(n=1067)

Warfarin plus 
enoxaparin 
(n=1082)

OR (95% CI) Edoxaban 
(n=570)

Warfarin plus 
enoxaparin 
(n=577)

OR (95% CI) Edoxaban 
(n=497)

Warfarin plus 
enoxaparin 
(n=505)

OR (95% CI)

First major or clinically relevant 
non-major bleeding

16 (1%) 11 (1%) 1·48 (0·64–3·55) 11 (2%) 5 (1%) 2·25 (0·72–8·31) 5 (1%) 6 (1%) 0·85 (0·20–3·35)

Major bleed 3 (<1%) 5 (<1%) 0·61 (0·09–3·13) 3 (1%) 2 (<1%) 1·52 (0·17–18·27) 0 3 (1%) ··

Intracranial haemorrhage 0 0 ·· 0 0 ·· 0 0 ··

Gastrointestinal bleed 1 (<1%) 1 (<1%) ·· 1 (<1%) 0 ·· 0 1 (<1%) ··

Fatal non-intracerebral 
haemorrhage

0 1 (<1%) ·· 0 0 ·· 0 1 (<1%) ··

Life-threatening bleed 1 (<1%) 1 (<1%) ·· 1 (<1%) 1 (<1%) ·· 0 0 ··

Other* 1 (<1%) 2 (<1%) ·· 1 (<1%) 1 (<1%) ·· 0 1 (<1%) ··

Clinically relevant non-major 
bleeding

14 (1%) 7 (1%) 2·04 (0·77–6·00) 9 (2%) 3 (1%) 3·07 (0·76–17·70) 5 (1%) 4 (1%) 1·27 (0·27–6·45)

All bleeding 32 (3%) 35 (3%) 0·93 (0·55–1·55) 17 (3%) 17 (3%) 1·01 (0·48–2·13) 15 (3%) 18 (4%) 0·84 (0·39–1·79)

*Other included haematuria in the edoxaban group and intra-articular bleeding in the warfarin–enoxaparin group.

Table 3: Safety outcomes as adjudicated bleeding events (safety population, on-treatment period) 

Edoxaban 
(n=1030)*

Warfarin plus 
enoxaparin 
(n=1027)*

OR (95% CI)

Number of events (%) 8 (1%) 16 (1%) 0·50 (0·19–1·25)

Creatinine clearance ≤50 mL/min 0/83 (0%) 2/76 (3%) 0·50 (0·00–3·17) 

Creatinine clearance >50 to <80 mL/min 3/304 (1%) 7/315 (2%) 0·44 (0·07–1·95)

Creatinine clearance ≥80 mL/min 4/643 (1%) 6/636 (1%) 0·66 (0·14–2·79)

Net clinical benefi t is a composite of stroke, systemic embolic event, myocardial infarction, cardiovascular mortality, 
and major bleedings. OR=odds ratio. *Some patients did not have baseline creatinine clearance measurements.

Table 4: Net clinical benefi t in the intention-to-treat population for the overall period, by creatinine 
clearance strata 
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cardioversion group, only 36% of patients receiving vitamin 
K antagonist were cardioverted within the target time 
range, because of failure to achieve adequate 
anticoagulation.

By marked contrast with the X-VERT study, the 
ENSURE-AF trial compared edoxaban with the optimised 
standard care of enoxaparin bridging pending therapeutic 
warfarin, which resulted in no diff erence in time to 
cardioversion between the two treatment groups 
irrespective of whether a TEE-guided strategy was used 
or not. Thus, we enabled comparison of edoxaban against 
optimised standard care, with the time in the therapeutic 
range on warfarin being more than 70% and excellent 
adherence to edoxaban therapy with more than 
99% compliance. Indeed, the use of NOACs might avoid 
undue delays or procedure postponement due to 
subtherapeutic INR levels when no enoxaparin is used. 
At a practical level, this strategy means that a newly 
diagnosed and non-anticoagulated patient with atrial 
fi brillation can be started on edoxaban and the 
cardioversion procedure scheduled as early as 2 h after 
the start of treatment with a TEE-guided approach, or 
elective cardioversion can be done 3 weeks later without 
a TEE. All the NOACs have a short biological half-life and 
are more convenient for patients;13 however, patients 
need appropriate education and counselling to ensure 
adequate treatment adherence and persistence, since 
missing one dose of these short-half-life agents might 
potentially lead to inadequate anticoagulation and 
increased risk of thromboembolic events. 

The mean CHA2DS2-VASc score was 2·6, indicating a 
moderately high-risk group of patients, and the 
proportion in ENSURE-AF that were moderate-to-high 
risk (score ≥2) was approximately 76% compared woth 
the relatively lower-risk population in X-VERT 

(approximately 64% with CHA2DS2-VASc score ≥2). 
The associated comorbidities in ENSURE-AF suggest 
that edoxaban can be used for cardioversion in atrial 
fi brillation with a broad range of associated comorbidities. 
Concomitant diseases, however, have been shown to 
aff ect atrial pathologies, which contribute substantially to 
atrial thrombogenesis14 typical of a heterogeneous real-
world population.

To our knowledge, this study provides the largest 
prospective trial data for an NOAC (ie, edoxaban) in the 
clinical setting of anticoagulation peri-cardioversion to 
date. Edoxaban was compared with an optimised 
standard-of-care group where enoxaparin bridging was 
required and warfarin therapy was well managed (time 
in the therapeutic range above 70%), to minimise the 
(precardioversion) time to achieve the therapeutic range 
and the risks associated with subtherapeutic anti-
coagulation. Additionally, only one (<1%) patient of 2199 
enrolled in the study was lost to follow-up.

The ORs recorded in this trial should be viewed with 
caution as the trial was not adequately powered to show 
statistically signifi cant diff erences for effi  cacy or safety 
endpoints. On the basis of the event rate we report 
here, it would have required more than 10 000 patients 
to perform an adequately powered non-inferiority study 
of edoxaban versus the standard of care. Finally, the 
open-label design might have introduced bias in 
reporting outcome.

To our knowledge, ENSURE-AF is the largest 
prospective randomised clinical trial of anticoagulation 
for cardioversion of patients with non-valvular atrial 
fi brillation. The occurrence of major and CRNM bleeding 
and thromboembolism was low in the two treatment 
groups, irrespective of a TEE-guided strategy or whether 
patients were warfarin naive. Edoxaban is an eff ective 
and safe alternative to the best possible conventional 
treatment with enoxaparin and vitamin K antagonist 
strategy, and might allow prompt cardioversion to be 
performed.
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Total by treatment Transoesophageal 
echocardiography 
stratum

Non-transoesophageal 
echocardiography 
stratum

Edoxaban 
(n=1067)

Warfarin 
plus 
enoxaparin 
(n=1082)

Edoxaban 
(n=570)

Warfarin 
plus 
enoxaparin 
(n=577)

Edoxaban 
(n=497)

Warfarin 
plus 
enoxaparin 
(n=505)

Any adverse events 320 (30%) 357 (33%) 152 (27%) 181 (31%) 168 (34%) 176 (35%)

Related adverse events 54 (5%) 69 (6%) 29 (5%) 44 (8%) 25 (5%) 25 (5%)

Serious adverse events 85 (8%) 83 (8%) 48 (8%) 48 (8%) 37 (7%) 35 (7%)

Related serious 
adverse events

11 (1%) 15 (1%) 7 (1%) 13 (2%) 4 (1%) 2 (<1%)

Severe adverse events 29 (3%) 25 (2%) 16 (3%) 11 (2%) 13 (3%) 14 (3%)

Related severe adverse 
events

4 (<1%) 5 (<1%) 3 (1%) 5 (1%) 1 (<1%) 0

Adverse events 
leading to death

1 (<1%) 5 (<1%) 1 (<1%) 0 0 5 (1%)

Adverse events 
leading to study drug 
interruption or 
discontinuation

49 (5%) 53 (5%) 25 (4%) 28 (5%) 24 (5%) 25 (5%)

Table 5: Treatment-emergent adverse events in the safety population for the overall study period
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