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Aim The primary objective was to compare apixaban to heparin/vitamin K antagonist (VKA) in patients with atrial fibril-
lation (AF) and <_48 h anticoagulation prior to randomization undergoing cardioversion.

...................................................................................................................................................................................................
Methods One thousand five hundred patients were randomized. The apixaban dose of 5 mg b.i.d. was reduced to 2.5 mg

b.i.d. in patients with two of the following: age >_ 80 years, weight <_ 60 kg, or serum creatinine >_ 133mmol/L. To ex-
pedite cardioversion, at the discretion of the investigator, imaging and/or a loading dose of 10 mg (down-titrated to
5 mg) was allowed. The endpoints for efficacy were stroke, systemic embolism (SE), and death. The endpoints for
safety were major bleeding and clinically relevant non-major (CRNM) bleeding.

...................................................................................................................................................................................................
Results There were 1038 active and 300 spontaneous cardioversions; 162 patients were not cardioverted. Imaging was per-

formed in 855 patients, and 342 received a loading dose of apixaban. Comparing apixaban to heparin/VKA in the
full analysis set, there were 0/753 vs. 6/747 strokes [relative risk (RR) 0; 95% confidence interval (95% CI) 0–0.64;
nominal P = 0.015], no SE, and 2 vs. 1 deaths (RR 1.98; 95% CI 0.19–54.00; nominal P > 0.999). In the safety popula-
tion, there were 3/735 vs. 6/721 major (RR 0.49; 95% CI 0.10–2.07; nominal P = 0.338) and 11 vs. 13 CRNM bleed-
ing events (RR 0.83; 95% CI 0.34–1.89; nominal P = 0.685). On imaging, 60/61 with thrombi continued randomized
treatment; all (61) were without outcome events.

...................................................................................................................................................................................................
Conclusions Rates of strokes, systemic emboli, deaths, and bleeds were low for both apixaban and heparin/VKA treated AF

patients undergoing cardioversion.
...................................................................................................................................................................................................
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Introduction

Managing patients with newly diagnosed atrial fibrillation (AF) in-
volves controlling rate, finding reversible causes, preventing stroke,
and often restoring sinus rhythm by electrical or pharmacological
cardioversion.1,2 The risk of periprocedural thromboembolism in pa-
tients undergoing cardioversion may exceed 5% when anticoagula-
tion is inadequate.3,4 Anticoagulation with a vitamin K antagonist
(VKA) for at least 3 weeks prior to cardioversion, during the proced-
ure, and for a minimum of 4 weeks afterwards to allow restoration of
atrial mechanical function reduces the risk to less than 1%.5–7 In post
hoc analyses of cardioversions in the trials that led to regulatory ap-
proval of the thrombin inhibitor dabigatran and the factor Xa inhibi-
tors rivaroxaban, apixaban, and edoxaban, event rates were low.8–11

A limitation of translating these data to clinical practice was the pro-
longed period of anticoagulation preceding cardioversion.

To accelerate cardioversion in clinical practice, a strategy of imag-
ing by computerized tomography (CT) or transoesophageal echocar-
diography (TOE) may be used to exclude left atrial thrombus.1,2

Randomized open-label trials comparing rivaroxaban and edoxaban
to heparin/VKA in patients undergoing elective cardioversion found
stroke and major bleeding rates at or below 1% in patients random-
ized to the factor Xa inhibitors.12,13 Apixaban, an orally active, revers-
ible, direct inhibitor of factor Xa, reduced stroke and systemic
embolism (SE), major bleeding, and death in patients with AF
compared to warfarin in a large randomized double-blind trial, but
has not been evaluated prospectively in patients undergoing
cardioversion.14

Objectives and endpoints

The primary objective of Eliquis evaluated in acute cardioversion
coMpared to usuAl treatmeNts for AnticoagulaTion in subjEcts
with atrial fibrillation (EMANATE) was to assess the occurrence of
stroke, SE, and all-cause death (efficacy endpoints), and major and
clinically relevant non-major (CRNM) bleeding events (safety end-
points) in patients with AF undergoing cardioversion during anticoa-
gulation with either apixaban or a conventional heparin/VKA regimen
and <_48 h of anticoagulation prior to randomization. This study was
also designed to assess the safety of a loading dose of apixaban and
the utility of image guidance to expedite cardioversion.15

Methods

EMANATE was a multinational, randomized, active-controlled, open-
labelled study in patients with recently diagnosed AF scheduled for cardi-
oversion. The design has been described (Figure 1).15 Briefly, patients with
electrocardiographically confirmed AF and <_48 h of prior anticoagulation
were randomized 1:1 to apixaban or usual care with parenteral heparin
and/or an oral VKA. Randomization used a centralized interactive voice-
response system.

For patients randomized to usual care with heparin and a VKA, the tar-
get international normalized ratio (INR) was 2.0–3.0. Heparin was to be
continued until the INR was 2 or higher. Patients randomized to apixaban
received 5 mg twice daily (b.i.d.), with a dose reduction to 2.5 mg b.i.d. in
those with two of the following: age >_80 years, weight <_60 kg, or serum

creatinine >_1.5 mg/dL (133mmol/L), mirroring approved dosing for
stroke prevention in patients with non-valvular AF.16 Cardioversion was
allowed after five doses of apixaban, when steady state blood levels are
expected to be achieved. To expedite cardioversion, at the discretion of
the investigator, in patients randomized to apixaban, a single 10 mg dose
of apixaban could be administered to achieve exposure at 2 h similar to
steady state. When the maintenance dose was down-titrated, the loading
dose was reduced to 5 mg. Cardioversion could be performed 2 h after
administration of the loading dose. For patients in the usual care arm,
similar timing was allowed after administration of heparin.

Local investigators determined the timing and type of cardioversion
(pharmacological, electrical, or both). Patients could be randomized and
cardioverted on the same day. Cardioversion could be performed up to a
maximum of 90 days after randomization (Figure 1). All cardioverted pa-
tients continued anticoagulation and were to be followed for 30± 7 days
to complete the study.15 Follow-up for those not cardioverted was com-
pleted at 90± 7 days (Figure 1). At the end of the study, or upon early
withdrawal, the patient’s subsequent management and treatment was the
decision of the treating physician. Transition procedures followed the
apixaban label.16

Patients could withdraw from the study at any time of their own vol-
ition, at the discretion of the investigator or sponsor for safety or behav-
ioural reasons, or due to the inability of the patient to comply with the
required schedule of visits or procedures. Patients had the right to with-
draw and refuse further contact, but every effort was made to ensure
follow-up for outcomes relevant to the study objectives.

Imaging
Transoesophageal echocardiographic or CT imaging was performed at
the direction of the investigator and interpreted locally. When left atrial
thrombus was identified, investigators were instructed to defer cardio-
version, continue the randomized anticoagulant, and repeat imaging after
�3 weeks before proceeding to cardioversion.

Management of bleeding
In the event of clinically significant bleeding, anticoagulation was inter-
rupted and managed according to local practice with surgical haemostasis,
volume repletion, and transfusion of blood products and for patients in
the heparin/VKA arm, administration of protamine, supplemental vitamin
K or fresh frozen plasma as deemed appropriate by the treating physician.

Outcomes assessment
Efficacy (stroke, SE, all-cause death) was assessed in all randomized pa-
tients, defined as the intention-to-treat population. Safety (major bleeds
and CRNM bleeds) was assessed in patients receiving at least one dose of
study anticoagulant according to their actual treatment received, defined
as the safety population.

Acute stroke was defined as a focal neurological deficit of sudden
onset, lasting at least 24 h, not due to a non-vascular cause. Strokes were
classified as primary ischaemic, haemorrhagic, infarction with haemor-
rhagic conversion, or of unknown type if no imaging was available.17,18

Extracranial SE events were defined by a clinical presentation consistent
with acute loss of blood supply to an anatomical site supplied by a single
artery, supported by evidence from angiography, surgical specimens,
autopsy, or other objective testing. The definition of major bleeding
was adapted from the International Society on Thrombosis and
Haemostasis19,20 as clinically overt bleeding accompanied by one or
more of the following: a decrease in haemoglobin of >_1.24 mmol/L; trans-
fusion of >_2 units of packed red blood cells; bleeding that occurs
in at least one of the following critical sites: intracranial, intraspinal, intra-
ocular, pericardial, intra-articular, intramuscular with compartment
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..syndrome, retroperitoneal; or bleeding that is fatal. The definition of
CRNM bleeding was adapted from the International Society on
Thrombosis and Haemostasis criteria as overt bleeding that compro-
mised haemodynamics, led to hospitalization, produced subcutaneous
haematoma >25 cm2, or 100 cm2 if traumatic, intramuscular haematoma
documented by ultrasonography, epistaxis lasting >5 min or leading to
intervention.15,20

Serious adverse events
Serious adverse events (SAEs) were untoward medical occurrences that
were life-threatening or fatal, required inpatient hospitalization or pro-
longed an existing hospitalization, resulted in persistent or significant
disability or incapacity, required intervention to prevent permanent im-
pairment or damage, or based on medical judgement were important
medical events that placed a patient in jeopardy and required medical or
surgical intervention to prevent one of the aforementioned outcomes.

Sample size determination and statistical

analysis
As there was no precedent for prospective evaluation of patients
undergoing cardioversion using apixaban, the warfarin-naı̈ve cohort from
the ARISTOTLE trial14 was considered most applicable to this study. In
ARISTOTLE, the incidence of stroke and SE within 30 days after random-
ization was 0.3% and the incidence of major bleeding was 0.45%.
Adequate power to assess for non-inferiority required 480 end-
points.14,15 With follow-up limited to 30 days following cardioversion or
90 days post-randomization, an event rate of 1% would require approxi-
mately 48 000 patients, a number far in excess of practicality. EMANATE
is a descriptive study without hypothesis testing. There was no formal
power calculation regarding the sample size. A sample size of 1500 pa-
tients was considered clinically meaningful and achievable and is similar to
the sample size used for assessment of another factor Xa inhibitor in pa-
tients with AF undergoing cardioversion.12

The efficacy endpoints (stroke, system embolic, all-cause death) were
analysed based on full analysis data set defined as all randomized patients
under the intent to treat principle. The safety endpoints (major bleeding
and CRNM bleeding) were analysed based on safety analysis set defined
as all treated patients (randomized patients who received at least 1 dose
of study drug), analysed according to actual treatment received. For
stroke, SE, all-cause death, major bleeding, and CRNM bleeding, the event

rates and their exact 95% confidence intervals (CIs) were presented by
treatment group; exact relative risks (RR) between two treatment groups
were presented with 95% exact unconditional CI. The nominal P-value
from a Fisher’s exact test between two treatment groups was also pre-
sented. Time to event was displayed using the Kaplan–Meier curve.

The analysis of time to cardioversion defined as the time from first
dose to cardioversion was post hoc. The mean, standard deviation, and
95% CI of the mean were presented by treatment group, and by image
guidance status within each treatment group. The comparison of time to
cardioversion with and without image guidance in each treatment group
and with and without an apixaban loading dose in apixaban was analysed
using a t-test. The 95% CI of mean difference for the comparisons were
also provided.

Results

The study was conducted between 14 July 2014 and 08 February
2017 at 134 centres in 12 countries. Enrolled patients were required
to have <_48 h of anticoagulation prior to randomization, and 930
(62%) had none. Atrial fibrillation was first detected within 3 months
before entry in 1170 (78%; Table 1). Among 1500 randomized
patients, 753 were assigned to apixaban and 747 to heparin/VKA
(Table 1, Figure 2). Of these, 98% completed follow-up; one patient
assigned to heparin/VKA was lost to follow-up 1 day after randomiza-
tion. Among patients randomized to heparin/VKA the INR was >_2.0
for 65% of the time beyond the first two weeks of treatment. In the
apixaban group, 91% of patients had compliance estimated by pill
count of >80%.

Three patients died during the study. Twenty-eight patients with-
drew and refused further follow-up. Among these, 9 were random-
ized (3 to apixaban vs. 6 to heparin/VKA), but not dosed or
cardioverted, 16 (8 in each group) were followed for a mean of
31.7 days without undergoing cardioversion or developing outcome
events, and 3 (2 randomized to apixaban and 1 to heparin/VKA)
were actively cardioverted and followed for a mean of 9.7 days after
cardioversion without outcome events.

Of all patients randomized, 300 converted to sinus rhythm spon-
taneously (Tables 1 and 2), and 925 were cardioverted electrically,

Figure 1 Study design. *The protocol encouraged a single loading dose of apixaban either 10 mg or 5 mg and image-guided at the discretion of
the investigator, to allow more rapid transition to cardioversion. *Dosage was reduced to 2.5 mg b.i.d. or a single loading dose of 5 mg when two
of the following were present: age >_80 years, weight <_60 kg, or serum creatinine >_1.5 mg/dL (133lmol/L). **Imaging guidance (transoesophageal
echocardiography or computer tomography) was at the discretion of the investigator. b.i.d., twice daily; VKA, vitamin K antagonist.
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Figure 2 Patient disposition (ITT population). 1<_48 h of anticoagulation for current episode of atrial fibrillation. 2Includes active and first spontan-
eous cardioversions.

........................................................................................................................... ...............................................................

..................................................... ...............................................................

....................................................................................................................................................................................................................

Table 2 Time from first dose to active cardioversion (days)

Apixaban Heparin/vitamin K antagonist

Loaded dose Non-loaded dose

With

image

guidance

Without

image

guidance

Overall With

image

guidance

Without

image

guidance

Overall With

image

guidance

Without

image

guidance

Overall

n 238 34 272 155 92 247 407 111 518

Mean

(95% CI)

3.3

(2.2–4.4)

4.1

(0.8–7.4)

3.4

(2.3–4.4)

21.7

(18.3–25.0)

32.5

(29.4–35.5)

25.7

(23.2–28.2)

11.5

(9.6–13.5)

40.7

(35.6–45.7)

17.8

(15.7–19.9)

Median 1 1 1 15 30 27 2 43 2

Standard

deviation

8.76 9.52 8.84 21.15 14.61 19.65 19.94 26.78 24.66

Difference

(95% CI)

P-valuea

0.8 (2.4–3.9) P = 0.6214 10.8 (5.9–15.7) P < 0.0001 29.1 (24.6–33.7) P < 0.0001

Difference

(95% CI)

P-valueb

-22.3 (-24.9 to 19.7) P < 0.0001

CI, confidence interval for mean time to cardioversion.
at-test for comparison of time to cardioversion with and without image guidance in each treatment group.
bt-test for comparison of time to cardioversion with and without a loading dose (apixaban-treated patients).
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.
including 4 who spontaneously cardioverted, then reverted to AF
and underwent electrical cardioversion. Sixty-five patients were car-
dioverted pharmacologically and 52 both pharmacologically and elec-
trically. One patient was actively cardioverted, reverted to AF, then
spontaneously reverted to sinus rhythm, and is not included among
the 300 spontaneous initial cardioversions (see Table 1).

Outcomes
Efficacy outcomes

In the intention-to-treat population, no patients randomized to apixa-
ban developed stroke (0%; 95% CI 0–0.5%), compared to 6 in the
heparin/VKA group (0.8%; 95% CI 0.3–1.7%); RR 0; 95% CI 0–0.64;
nominal P = 0.015. There were no SE events in either group. There
were two deaths in the apixaban arm (0.27%, 95% CI 0.03–0.96%)
and 1 in the heparin/VKA arm (0.13%; 95% CI 0–0.74%; RR = 1.98;
95% CI 0.19–54.00; P > 0.9999; Table 4). Most events occurred soon
after randomization (Figure 3, Table 4). In the apixaban group, 1 death
due to acute alcoholic hepatitis occurred after randomization, but
prior to dosing. The second death involved an 81-year-old patient
who received a 10 mg loading dose of apixaban, was cardioverted
successfully 1 day after randomization, but died 3 weeks later. Death
was attributed to perforated colonic diverticulitis, and SE was con-
sidered unlikely. The solitary death in the heparin/VKA group
occurred suddenly 2 days after randomization and cardioversion
(Table 3).

Safety outcomes

There were 1456 patients in the safety population, 735 patients in
the apixaban group and 721 in the heparin/VKA group. In this cohort,
3 patients developed major bleeding on apixaban (0.41%; 95% CI
0.08–1.2%), vs. 6 on heparin/VKA (0.83%; 95% CI 0.31–1.80%);
RR = 0.49; 95% CI 0.10–2.07; P = 0.338. With apixaban, 11 patients
developed CRNM bleeding (1.5%; 95% CI 0.75–2.66%) vs. 13 with
heparin/VKA (1.8%; 95% CI 0.96–3.06%); RR = 0.83; 95% CI 0.34–
1.89; P = 0.685. Most safety events occurred soon after randomiza-
tion (Figure 3, panels C and D; Tables 4, 5, and 6).

Loading dose of apixaban

Of patients treated with apixaban group, 342 received a loading dose
(Figure 2, Table 1); most received 10 mg (n = 331) while 11 received
5 mg. Those given the lower dose were older (mean± SD;
80.5 ± 7.4 years; Table 1) with lower creatinine clearance
(41 ± 13.4 mL/min), and body weight (69 ± 16 kg) compared with
those receiving the higher dose (63.2 ± 12.2 years; P < 0.0001); cre-
atinine clearance (91.7 ± 52.1 mL/min; P = 0.0039); and weight
(90 ± 21 kg; P = 0.0018). No stroke or SE events occurred among
those given the loading dose, but there was 1 death, 1 major bleeding,
and 4 CRNM bleeding events (Tables 3, 4, 5, and 6).

Imaging

Pre-procedural imaging was obtained in 855 patients. Of these, 829
underwent TOE, 14 CT imaging and 1 patient had both. The type of
the imaging was not specified for the remaining 11 patients. Sixty-one
patients with imaging had left atrial thrombus, 30 in the apixaban
group and 31 in the heparin/VKA group (Figure 4). Sixty continued as-
signed medication while 1 patient in the apixaban group switched to
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..heparin/VKA. In the apixaban group, 23/30 (77%) underwent repeat
imaging with resolution of thrombus in 12 (52%). In the heparin/VKA
group, 18/31 (58%) patients were re-imaged and thrombus resolved
in 10 (56%) (Figure 4, Tables 3, 4, 5, and 6).

Seven patients with left atrial thrombi withdrew from the study;
4 assigned to apixaban and 3 to heparin/VKA. Follow-up from ran-
domization to patient withdrawal was 1, 8, 31, and 36 days in the
apixaban arm and 27, 67, and 73 days in the heparin/VKA arm, re-
spectively. One patient was randomized to apixaban and trans-
ferred to usual care and withdrawn on Day 1. There were no
cardioversions performed in these 7 patients who withdrew. In
patients with left atrial or left atrial appendage thrombus, no
strokes, SE, major bleeding, or deaths occurred in either treat-
ment group.

Loading dose and imaging

The mean time from the loading dose of apixaban to first active cardi-
oversion was 3.3 days (SD = 8.8) in those undergoing imaging and
4.1 days (SD = 9.5) without imaging. In patients who did not receive a
loading dose, the mean time to first cardioversion was 21.7 days
(SD = 21.2) with imaging and 32.5 days (SD = 14.6) without imaging
(Table 2). In the heparin/VKA group, the mean time from first dose to
cardioversion was 17.8 days (SD = 24.7) (Table 2).

Cardioverted groups

Of the 925 patients undergoing a first electrical cardioversion, there
were no strokes in the apixaban group vs. 3 in the heparin/VKA
group. There were 2 major bleeding events in each group, and 8 vs. 9

Figure 3 The Kaplan–Meier curve for time to first event for (A) stroke/SE, (B) death, (C) major bleeding, and (D) major/CRNM bleeding from
randomization. CRNM, clinically relevant non-major; SE, systemic embolism; VKA, vitamin K antagonist.

Apixaban compared to heparin/VKA in patients with AF 2965
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/39/32/2959/4963487 by guest on 21 August 2022



..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.

T
ab

le
4

In
d

iv
id

u
a
l
e
ffi

c
a
c
y

o
u

tc
o

m
e

e
v
e
n

ts

E
v
e
n

ts
(s

)
A

g
e
/

g
e
n

d
e
r

R
e
le

v
a
n

t
m

e
d

-

ic
a
l
h

is
to

r
y

C
H

A
2
D

S
2
-

V
A

S
c

S
c
o

re

A
p

ix
a
b

a
n

lo
a
d

in
g

d
o

se

o
r

IN
R

/h
e
p

a
ri

n

E
v
e
n

t
d

a
y

(d
a
y
s

a
ft

e
r

ra
n

d
o

m
iz

a
ti

o
n

)

C
a
rd

io
v
e
rs

io
n

(d
a
y
s

a
ft

e
r

ra
n

d
o

m
iz

a
ti

o
n

)

C
a
rd

io
v
e
rs

io
n

p
e
rf

o
rm

e
d

/

su
c
c
e
ss

C
a
rd

io
v
e
rs

io
n

ty
p

e

T
O

E

p
e
rf

o
rm

e
d

A
pi

xa
ba

na

A
ll-

ca
us

e
de

at
h

A
cu

te
al

co
ho

lic

he
pa

tit
is

64
/M

A
lc

oh
ol

ic
he

pa
tit

is
0

N
o

0
N

/A
N

o
N

/A
N

o

Pe
rf

or
at

ed
co

lit
is

81
/M

C
H

F/
C

A
D

/

Pa
ce

m
ak

er
/

C
O

PD
/H

T
N

/

PE
/P

V
D

5
Y

es
24

1
Y

es
/Y

es
E

Y
es

(n
o

th
ro

m
bu

s)

H
ep

ar
in

/V
K

A

St
ro

ke
s

Is
ch

ae
m

ic
st

ro
ke

69
/F

D
M

/C
H

F/
C

V
A

/

H
T

N
/P

C
I

7
20

0
Y

es
/Y

es
E

Y
es

(n
o

th
ro

m
bu

s)

Is
ch

ae
m

ic
st

ro
ke

w
ith

ha
em

or
rh

ag
ic

co
nv

er
si

on

60
/F

Br
on

ch
ie

ct
as

is
1

4
N

/A
N

o
N

/A
N

o

H
ae

m
or

rh
ag

ic
st

ro
ke

77
/M

H
T

N
3

2.
8

75
N

/A
N

o
N

/A
N

o

Is
ch

ae
m

ic
st

ro
ke

60
/F

C
H

F
(L

V
EF

15
%

)
2

1.
9

3
80

Y
es

/Y
es

E
Y

es
(n

o

th
ro

m
bu

s)

Is
ch

ae
m

ic
st

ro
ke

75
/M

M
od

er
at

e
ao

rt
ic

va
lv

e
di

se
as

e

2
En

ox
ap

ar
in

15
0

m
g

Q
D

8
1

Y
es

/Y
es

E
Y

es
(n

o

th
ro

m
bu

s)

Is
ch

ae
m

ic
st

ro
ke

64
/M

H
T

N
1

2
1

N
o/

Y
es

Sp
on

ta
ne

ou
s

N
o

A
ll-

ca
us

e
de

at
h

Su
dd

en
de

at
h

86
/F

H
T

N
/M

I
5

2
0

Y
es

/Y
es

E
N

o

a N
o

st
ro

ke
s.

C
A

D
,c

or
on

ar
y

ar
te

ry
di

se
as

e;
C

H
F,

co
ng

es
tiv

e
he

ar
t

fa
ilu

re
;C

O
PD

,c
hr

on
ic

ob
st

ru
ct

iv
e

pu
lm

on
ar

y
di

se
as

e;
C

V
A

,c
ar

di
ov

as
cu

la
r

di
se

as
e;

D
M

,d
ia

be
te

s
m

el
lit

us
;E

,e
le

ct
ri

ca
l;

F,
fe

m
al

e;
G

I,
ga

st
ro

-in
te

st
in

al
;H

T
N

,h
yp

er
te

ns
io

n;
PC

I,
pe

rc
u-

ta
ne

ou
s

co
ro

na
ry

in
te

rv
en

tio
n;

PE
,p

ul
m

on
ar

y
em

bo
lis

m
;P

V
D

,p
er

ip
he

ra
lv

as
cu

la
r

di
se

as
e;

LV
EF

,l
ef

t
ve

nt
ri

cu
la

r
ej

ec
tio

n
fr

ac
tio

n;
M

,m
al

e;
M

I,
m

yo
ca

rd
ia

li
nf

ar
ct

io
n;

N
/A

,n
ot

ap
pl

ic
ab

le
.

2966 M.D. Ezekowitz et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/39/32/2959/4963487 by guest on 21 August 2022



..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.

T
ab

le
5

In
d

iv
id

u
a
l
sa

fe
ty

o
u

tc
o

m
e

e
v
e
n

ts
(A

p
ix

a
b

a
n

)

E
v
e
n

ts
A

g
e
/

g
e
n

d
e
r

R
e
le

v
a
n

t

m
e
d

ic
a
l

h
is

to
ry

C
H

A
2
D

S
2
-

V
A

S
c

sc
o

re

A
p

ix
a
b

a
n

lo
a
d

in
g

d
o

se

E
v
e
n

t
d

a
y

(d
a
y
s

a
ft

e
r

ra
n

d
o

m
iz

a
ti

o
n

)

C
a
rd

io
v
e
rs

io
n

d
a
y

(d
a
y
s

a
ft

e
r

ra
n

d
o

m
iz

a
ti

o
n

)

C
a
rd

io
v
e
rs

io
n

p
e
rf

o
rm

e
d

/

su
c
c
e
ss

C
a
rd

io
v
e
rs

io
n

ty
p

e

Im
a
g
e

g
u

id
a
n

c
e

p
e
rf

o
rm

e
d

M
aj

or
bl

ee
ds

G
Ib

le
ed

,n
on

-f
at

al
68

/M
H

T
N

,i
sc

ha
em

ic

he
ar

t
di

se
as

e

2
N

o
33

1
Y

es
/Y

es
Ph

ar
m

Y
es

(n
o

th
ro

m
bu

s)

G
Ib

le
ed

,n
on

-f
at

al
74

/F
C

O
PD

2
N

o
20

63
Y

es
/Y

es
E

N
o

G
Ib

le
ed

,n
on

-f
at

al
74

/F
D

M
/H

T
N

4
Y

es
17

0
Y

es
/Y

es
E

N
o

C
R

N
M

bl
ee

ds

Ep
is

ta
xi

s
64

/F
H

T
N

2
Y

es
14

1
N

o/
Y

es
Sp

on
ta

ne
ou

s
N

o

G
Ib

le
ed

76
/M

H
T

N
/C

O
PD

3
Y

es
11

1
Y

es
/Y

es
E

Y
es

(n
o

th
ro

m
bu

s)

H
ae

m
at

ur
ia

73
/M

D
M

/H
T

N
/C

H
F/

PA
H

4
N

o
1

N
/A

N
o

N
/A

Y
es

(n
o

th
ro

m
bu

s)

H
ae

m
at

ur
ia

88
/F

H
T

N
/M

I/C
O

PD
/

C
A

D

5
N

o
26

13
Y

es
/Y

es
E

Y
es

(n
o

th
ro

m
bu

s)

Po
st

-o
pe

ra
tiv

e
ar

te
ri

al

ha
em

or
rh

ag
e

52
/M

H
T

N
/C

O
PD

1
Y

es
16

0
N

o/
Y

es
Sp

on
ta

ne
ou

s
N

o

H
ae

m
at

om
a

69
/M

A
st

hm
a

1
N

o
38

30
Y

es
/Y

es
E

Y
es

(n
o

th
ro

m
bu

s)

H
ae

m
at

ur
ia

79
/M

H
T

N
/C

A
D

/r
en

al

in
su

ffi
ci

en
cy

4
N

o
21

4
Y

es
/Y

es
E

Y
es

(n
o

th
ro

m
bu

s)

A
dr

en
al

ha
em

or
rh

ag
e

58
/M

H
T

N
1

Y
es

15
1

Y
es

/Y
es

E
Y

es
(n

o
th

ro
m

bu
s)

H
ae

m
at

ur
ia

69
/M

D
M

/H
T

N
3

N
o

5
52

Y
es

/Y
es

E
N

o

H
ae

m
at

ur
ia

68
/F

H
T

N
/p

ri
or

D
V

T
3

N
o

0
48

Y
es

/Y
es

E
Y

es
(n

o
th

ro
m

bu
s)

T
ra

um
at

ic
ha

em
or

rh
ag

e
74

/M
H

T
N

/a
or

tic

di
ss

ec
tio

n

2
N

o
22

29
Y

es
/Y

es
E

Y
es

(n
o

th
ro

m
bu

s)

C
A

D
,c

or
on

ar
y

ar
te

ry
di

se
as

e;
C

H
F,

co
ng

es
tiv

e
he

ar
t

fa
ilu

re
;C

O
PD

,c
hr

on
ic

ob
st

ru
ct

iv
e

pu
lm

on
ar

y
di

se
as

e;
C

V
,c

ar
di

ov
er

si
on

;D
M

,d
ia

be
te

s
m

el
lit

us
;D

V
T

,d
ee

p
ve

in
th

ro
m

bo
si

s;
E,

el
ec

tr
ic

al
;F

,f
em

al
e;

G
I,

ga
st

ro
-in

te
st

in
al

;H
T

N
,h

yp
er

te
n-

si
on

;M
,m

al
e;

M
I,

m
yo

ca
rd

ia
li

nf
ar

ct
io

n;
N

/A
,n

ot
ap

pl
ic

ab
le

;P
A

H
,p

ul
m

on
ar

y
hy

pe
rt

en
si

on
.

Apixaban compared to heparin/VKA in patients with AF 2967
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/39/32/2959/4963487 by guest on 21 August 2022



..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.

T
ab

le
6

In
d

iv
id

u
a
l
sa

fe
ty

o
u

tc
o

m
e

e
v
e
n

ts
(h

e
p

a
ri

n
/V

K
A

)

E
v
e
n

ts
A

g
e
/

g
e
n

d
e
r

R
e
le

v
a
n

t

m
e
d

ic
a
l

h
is

to
ry

C
H

A
2
D

S
2
-

V
A

S
c

S
c
o

re

IN
R

E
v
e
n

t
d

a
y

(d
a
y
s

a
ft

e
r

ra
n

d
o

m
iz

a
ti

o
n

)

C
a
rd

io
v
e
rs

io
n

d
a
y

(d
a
y
s

a
ft

e
r

ra
n

d
o

m
iz

a
ti

o
n

)

C
a
rd

io
v
e
rs

io
n

p
e
rf

o
rm

e
d

/

su
c
c
e
ss

C
a
rd

io
v
e
rs

io
n

ty
p

e

Im
a
g
e

g
u

id
a
n

c
e

p
e
rf

o
rm

e
d

M
aj

or
bl

ee
ds

G
Ib

le
ed

,n
on

-f
at

al
83

/M
D

M
/H

T
N

/C
A

D
/

PA
H

5
21

1
Y

es
/Y

es
E

Y
es

(n
o

th
ro

m
bu

s)

R
et

ro
pe

ri
to

ne
al

,

no
n-

fa
ta

l

57
/M

N
on

e
0

4.
3

27
0

N
o/

Y
es

Sp
on

ta
ne

ou
s

N
o

H
ae

m
or

rh
ag

ic
st

ro
ke

,

no
n-

fa
ta

l

77
/M

H
T

N
3

2.
8,

1.
4,

1.
2

75
N

/A
N

o
N

/A
N

o

G
Ib

le
ed

,n
on

-f
at

al
69

/M
N

on
e

1
1.

7
8

0
Y

es
/Y

es
E

Y
es

(n
o

th
ro

m
bu

s)

G
Ib

le
ed

,n
on

-f
at

al
69

/F
H

T
N

/C
H

F/
C

A
D

5
1.

4
18

43
N

o/
Y

es
Sp

on
ta

ne
ou

s
N

o

G
Ib

le
ed

,n
on

-f
at

al
67

M
H

T
N

/C
H

F/
M

I/

C
A

D

4
4.

8
11

0
N

o/
Y

es
Sp

on
ta

ne
ou

s
N

o

C
R

N
M

bl
ee

ds

G
Ib

le
ed

79
/M

H
T

N
/C

A
D

/P
A

D
4

1
0

Y
es

/Y
es

E
Y

es
(n

o
th

ro
m

bu
s)

V
ag

in
al

bl
ee

d
70

/F
H

T
N

/C
A

D
/s

tr
ok

e
6

3.
7

4
0

Y
es

/Y
es

E
Y

es
(n

o
th

ro
m

bu
s)

H
ae

m
at

om
a

69
/F

D
M

/H
T

N
/C

H
F/

st
ro

ke

7
4

0
Y

es
/Y

es
E

Y
es

(n
o

th
ro

m
bu

s)

V
ag

in
al

bl
ee

d
54

/F
N

on
e

1
15

1
Y

es
/Y

es
E

Y
es

(n
o

th
ro

m
bu

s)

Ep
is

ta
xi

s
77

/M
H

T
N

3
3.

6
32

N
/A

N
o

N
/A

N
o

G
Ib

le
ed

72
/M

H
T

N
2

88
5

N
o/

Y
es

Sp
on

ta
ne

ou
s

Y
es

(n
o

th
ro

m
bu

s)

G
Ib

le
ed

36
/M

N
on

e
0

1.
5

5
0

Y
es

/Y
es

E
Y

es
(n

o
th

ro
m

bu
s)

H
ae

m
at

ur
ia

63
/M

H
T

N
1

2.
0

30
65

Y
es

/Y
es

E
Y

es
(n

o
th

ro
m

bu
s)

G
Ib

le
ed

84
/F

N
on

e
3

57
57

Y
es

/Y
es

E
N

o

H
ae

m
at

om
a

66
/F

N
on

e
2

1.
4

14
N

/A
N

o
N

/A
N

o

H
yp

os
ph

ag
m

a
88

/M
H

T
N

/C
H

F
4

31
3

N
o/

Y
es

Sp
on

ta
ne

ou
s

N
o

H
ae

m
at

ur
ia

73
/M

H
T

N
/C

A
D

3
3.

8
21

15
Y

es
/Y

es
E

Y
es

(n
o

th
ro

m
bu

s)

Ep
is

ta
xi

s
58

/M
H

T
N

/C
H

F/
C

A
D

/

re
na

li
ns

uf
f

3
2.

6
1

0
Y

es
/N

o
E

Y
es

(n
o

th
ro

m
bu

s)

C
A

D
,c

or
on

ar
y

ar
te

ry
di

se
as

e;
C

H
F,

co
ng

es
tiv

e
he

ar
t

fa
ilu

re
;D

M
,d

ia
be

te
s

m
el

lit
us

;E
,e

le
ct

ri
ca

l;
F,

fe
m

al
e;

G
I,

ga
st

ro
-in

te
st

in
al

;H
T

N
,h

yp
er

te
ns

io
n;

PV
D

,p
er

ip
he

ra
lv

as
cu

la
r

di
se

as
e;

M
,m

al
e;

N
/A

,n
ot

ap
pl

ic
ab

le
.

2968 M.D. Ezekowitz et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/39/32/2959/4963487 by guest on 21 August 2022



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
CRNM haemorrhages in the apixaban and heparin/VKA groups, re-
spectively. There was 1 death in each arm and no SE events in either
group (Table 3). Among 65 patients undergoing pharmacological car-
dioversion, there were no stroke, SE, or fatal events but 1 major
bleed in the apixaban group. Fifty-two patients were converted both
pharmacologically and electrically without outcome events. For pa-
tients undergoing pharmacologic cardioversion alone or together
with electrical cardioversion, the most commonly used antiarrhyth-
mic agents were amiodarone (57%), propafenone (18%), and flecai-
nide (13%) (Table 1).

Of the 300 patients converting spontaneously, there were no
strokes or major bleeds in the apixaban group vs. 1 stroke and 3
major bleeds in the heparin/VKA group and 2 CRNM bleeds in each
group. Among 162 patients not cardioverted, there were 2 strokes
(1 ischaemic and 1 haemorrhagic) in patients randomized to heparin/
VKA (Table 3).

Serious adverse events

Serious adverse events occurred in 100 (14%) of apixaban-treated
patients and 112 (16%) of patients treated with heparin/VKA; the
most common (>_1% of patients) events were AF (27 and 40 patients,
respectively) and heart failure (9 and 7 patients, respectively). There
were 3 myocardial infarctions, 2 on apixaban occurring on Days 2
and 26 after dosing, and 1 on heparin/VKA on the first day prior to
dosing. None were fatal.

Discussion

EMANATE trial differed from the two other completed randomized
trials testing a factor Xa inhibitor by including only patients with min-
imal exposure to anticoagulation prior to randomization with 62%

receiving no anticoagulation and 38% <_ 48 h of anticoagulation.
In addition, 78% had new onset or AF defined as AF first diagnosed
within 3 months prior to randomization. In other respects, the three
trials were similar with low event rates and with treatment assign-
ment randomized by protocol. In EMANATE the protocol encour-
aged, but did not mandate, imaging or the type of imaging to use,
leaving the decision to the discretion of the investigator. Likewise, the
use of the loading dose option in those randomized to apixaban was
at the investigator’s discretion. We believe the results of EMANATE
are clinically important and justify the use of apixaban in the setting of
early and elective cardioversion in patients with AF of predominantly
recent onset and can simplify the management of these patients com-
pared to heparin/VKA.

Like two recent trials evaluating the other factor Xa inhibitors,
EMANATE was an exploratory but clinically meaningful study. A sam-
ple size of approximately 48 000 patients would be needed to power
for non-inferiority. In all three prospective trials of cardioversion, the
heparin/VKA arms had similar and low event rates of outcome meas-
ures demonstrating consistency across the trials.12,13 The EMANATE
trial unlike the other trials collected data on CRNM bleeds. There
was no difference in the two randomized groups. Statistical method-
ologies used in the trials were similar. Low event rates reflect remark-
able advances in cardiovascular medicine over the past 30 years.
While low event rates are highly desirable for patients, they create
difficulty creating large enough trials to have enough endpoint events
to conduct meaningful statistical analysis. Together, these studies
provide important data suggesting that all factor Xa inhibitors are vi-
able alternatives to heparin/VKA in AF patients undergoing
cardioversion.

The EMANATE study had features designed to reflect routine clin-
ical practice. Although treatment was randomized, anticoagulation
treatment was open-label. Whereas apixaban was provided by the

TOE TOE

Figure 4 Seven patients with left atrial thrombi withdrew from the study; four assigned to apixaban and three to heparin/vitamin K antagonist.
Follow-up from randomization to patient withdrawal was 8, 36, 1, and 31 days in the apixaban arm and 73, 67, 27 in the heparin/vitamin K antagonist
arm, respectively. One patient was randomized to apixaban and transferred to usual care and withdrawn on Day 1. There were no cardioversions
performed. For the whole group of 61 patients with left atrial thrombi, there were no outcome events. SD, standard deviation; TOE, transoesopha-
geal echocardiogram; VKA, vitamin K antagonist.
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.
sponsor, usual care was sourced locally with commercial drug supply
provided using the investigator site with no packaging or labelling per-
formed unless required by local country regulation. The protocol
allowed cardioversion 2 h after dosing with use of imaging and a load-
ing dose of apixaban. Among the 342 patients who received a loading
dose of apixaban there were very few outcome events: no strokes,
one major bleeding event, 4 CRNM bleeding events, and one death.

EMANATE trial adds to the insights from the X-TRA study and the
CLOT- AF registry by systematically evaluating the use of a non-VKA
in the setting of image-identified left atrial thrombus.21 Resolution of
thrombi in patients receiving either apixaban or heparin/VKA was
52% and 58% respectively as determined by the local investigator
based on repeated imaging done at 37 ± 11 days (mean± SD) after
the first images were obtained. In the group of 61 patients with a
thrombus, 60 continued their allocated anticoagulant and there was
complete follow-up and no outcome events (Figure 4).

The major limitation of EMANATE was that the study was descrip-
tive. There was no hypothesis testing and no power calculations. The
sample size of 1500 patients was considered clinically meaningful and
achievable, similar to the X-VeRT trial.12 Additionally, while we can-
not exclude that a few of the 28 patients who withdrew consent or
that the single patient lost to follow-up could have experienced an
outcome event, we believe it is unlikely that the patients that with-
drew consent could have materially changed the result of the study.
Nine patients withdrew without receiving medication while 16 others
(apixaban:heparin/VKA 8:8) were not actively cardioverted and were
followed for a mean of 31.7 days, all without an outcome event.
Three patients were actively cardioverted (two randomized to apixa-
ban, one to heparin/VKA) and were followed for a mean of 9.7 days
post-cardioversion without an outcome event.

In summary, the data collected from the EMANATE trial of 1500
patients, with predominantly new onset AF undergoing elective cardi-
oversion, found low stroke, systemic embolic events, death and bleed-
ing events in both the apixaban and heparin/VKA-treated patients.
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