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It is unclear if patients with paroxysmal atrial fibrillation (AF) and persistent AF have dif-
ferent outcomes following electrical cardioversion (ECV). ENSURE-AF—a multicenter,
prospective, randomized, open-label, blinded-endpoint evaluation trial—compared once-
daily edoxaban 60 mg with enoxaparin−warfarin in 2,199 subjects undergoing ECV of
nonvalvular AF (NCT02072434). Patients received ≥3 weeks of proper anticoagulation or
transesophageal echocardiogram before ECV paroxysmal AF was defined as AF with
spontaneous conversion of duration of <7 days; persistent AF was defined as AF lasting
≥7 days without spontaneous conversion. Clinical characteristics and outcomes were com-
pared between subjects based on type of AF present at baseline. In total, 415 subjects had
paroxysmal AF; 1,777 had persistent AF. Patients with paroxysmal AF were older (65.8 §
10.3 vs 63.9 § 10.5, p = 0.001) with more hypertension (82.7% vs 77.2%, p = 0.01) versus
persistent AF patients. Congestive heart failure was more common in persistent AF
(46.7%) versus paroxysmal AF (31.3%, p <0.0001). CHA2DS2-VASc (score >2: 52.0% vs
49.5%, p = 0.4375) and prior myocardial infarction (6.5% vs 6.8%, p = 0.91) did not signif-
icantly differ between groups. After ECV, primary endpoint events were numerically
higher in paroxysmal AF versus persistent AF (1.5% vs 0.6%, p = 0.0571), approaching
statistical significance. Of note, myocardial infarction was observed in paroxysmal AF
(n = 4 vs 0), whereas persistent AF was accompanied by stroke (n = 0 vs 5; p <0.05). In con-
clusion, patients with paroxysmal AF had more frequent major cardiovascular events than
patients with persistent AF. Composite event rates were driven mainly by myocardial
infarction in patients with paroxysmal AF and by stroke in those with persistent AF. Over-
all, the absolute number of events was low after ECV under anticoagulation. © 2020
Elsevier Inc. All rights reserved. (Am J Cardiol 2020;131:27−32)
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Preprocedural thromboembolic prevention studies sug-
gest that the duration of atrial fibrillation (AF) may have an
impact on outcome.1 Studies and registries demonstrate that
paroxysmal AF may be associated with a better prognosis
than persistent AF, but this has not been studied in the set-
ting of cardioversion.2−5 It is unclear if the type of AF
affects stroke and myocardial infarction rates in this clinical
setting. Paroxysmal AF often presents with episodes of sud-
den elevation of heart rate, and this may carry a higher risk
of ventricular ischemia compared with persistent AF. The
opposite might be true for the occurrence of stroke.4,5 Per-
sistent AF may also reflect the presence of more pro-
nounced atrial endocardial pathologies, which increases the
risk of atrial thrombogenesis, and thereby, the risk of stroke
in persistent AF.6−8 It is unknown whether this may result
in different outcomes following electrical cardioversion
(ECV) despite proper anticoagulation at the time of the pro-
cedure. In the EdoxabaN vs wafarin in subjectS UndeRgo-
ing cardiovErsion of Atrial Fibrillation (ENSURE-AF) trial
(NCT02072434), a multicenter, prospective, randomized,
open-label, blinded-endpoint evaluation trial, the oral factor
Xa inhibitor edoxaban demonstrated a comparable efficacy
and safety profile versus enoxaparin-warfarin in nonvalvu-
lar AF patients undergoing ECV.3 This analysis
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investigated the primary endpoint (composite of stroke, sys-
temic embolic event [SEE], myocardial infarction [MI], and
cardiovascular [CV] mortality) following ECV in patients
with paroxysmal versus patients with persistent AF. The
aim of the present post hoc analysis of the ENSURE-AF
trial was to investigate the differences in outcomes in
patients with paroxysmal and persistent AF after ECV.
Methods

The design and trial results of the ENSURE-AF trial (NCT
02072434) were reported elsewhere.9,10 The ENSURE-AF
trial was a multicenter, prospective, randomized, open-label,
blinded-endpoint evaluation, parallel group phase 3b clinical
trial, in which patients with non-valvular AF were randomized
to edoxaban or warfarin after ECV. Patients with an interna-
tional normalized ratio (INR) <2.0 at randomization received
enoxaparin and daily warfarin until the INR was ≥2.0, and
those with INR ≥2.0 at the time of randomization did not
require enoxaparin and were treated with warfarin alone.
Patients were stratified by anticoagulation strategy (transeso-
phageal echocardiography [TEE] or non-TEE strata, or
whether previously anticoagulation naı̈ve or experienced,
selected edoxaban dose, and region, as defined at randomiza-
tion; Figure 1).
Figure 1. Study flow diagram for (a) TEE-guided stratum and (b) non-TEE-gui
ENSURE-AF study was done in compliance with the pro-
tocol, the ethical principles as outlined in the Declaration of
Helsinki, the International Conference on Harmonisation con-
solidated Guideline E6 for Good Clinical Practice (CPMP/
ICH/135/95), and applicable regulatory requirements. The
protocol and its amendments were approved by ethics com-
mittees or institutional review boards. All patients provided
written informed consent prior to participation in the study.

In this trial, paroxysmal and persistent AF were defined
in accordance to the definitions of the European Society of
Cardiology guidelines at the time of the study.11 Paroxys-
mal AF patients were defined as such when they had prior
AF episodes with spontaneous conversion to sinus rhythm
without using pharmacological or direct current cardiover-
sion in <7 days and presenting at the time of ECV of the
study with continuous AF for <7 days. Persistent AF
patients were defined as such if they had prior history of
pharmacological or ECV or had spontaneous AF cardiover-
sion more than 7 days after the episode onset.

All subjects were followed for safety for 30 days (day
58) after completing treatment in the respective arms. If
thrombi were identified during TEE, subjects were not eli-
gible for ECV. Subjects with unsuccessful ECV or relapse
of AF could be cardioverted again at the investigator’s dis-
cretion.
ded stratum. CVN, cardioversion; TEE, transesophageal echocardiogram.

www.ajconline.org
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The primary efficacy endpoint was a composite of
stroke, SEE, MI, and CV death. The primary safety end-
point was the composite of major and clinically relevant
nonmajor bleeding. All endpoints were reviewed, classified,
and adjudicated by a blinded adjudication committee.

The primary efficacy analysis was performed on the
intent-to-treat population, which included all randomized,
enrolled patients. Efficacy outcomes were analyzed during
the overall study period, 28 days on study drug after
cardioversion + 30 days follow-up. The primary safety anal-
ysis was carried out on the safety population, which
included all patients who took ≥1 dose of the study drug.
Safety outcomes were analyzed during the on-treatment
period from the time of first dose to the last dose of the
study drug taken plus 3 days. Clinical characteristics and
outcomes were compared between patients based on type of
AF present at baseline.
Table 1

Baseline demographics and clinical characteristics by AF type

Parameter Paroxy

Age (years), mean § SD

Men 2

Weight (kg), mean § SD

Body mass index, mean § SD

Geographical distribution

Eastern Europe 2

Middle East and North Africa

North America

Western Europe 1

Anticoagulant naive 1

Current non-vitamin k antagonist oral anticoagulant user

International normalized ratio at randomization, mean § SD

Transesophageal echocardiogram stratum 2

Creatinine clearance, mean § SD

CHA2DS2-VASc score

0-1

2 1

>2 2

HAS-BLED score, mean § SD

Hypertension 3

Congestive heart failure 1

Diabetes disease

Peripheral arterial disease

Valvular heart disease

Myocardial infarction

Hepatic disease

Ischemic/embolic stroke or transient ischemic attack

Non-intracranial bleeding

Intracranial bleeding

Life-threatening bleed

Drug therapies

Aspirin 1

ACE inhibitor / angiotensin II receptor blocker 2

Beta blocker 3

Statin 1

Amiodarone

Diuretic 1

Time to achieve therapeutic range

Days, mean § SD

% of time, mean § SD

Time in therapeutic range (% of time), mean § SD

Successful/spontaneous cardioversion 3

Spontaneous cardioversion

Data are presented as n (%). AF, atrial fibrillation
A logistic regression analysis was performed to identify
predictors for MI, or the composite endpoint of stroke,
SEE, MI, and CV death. Age, gender, region, CHA2DS2-
VASc score, type of AF, medical histories of ischemic
stroke/transient ischemic attack, hypertension, diabetes,
congestive heart failure, valvular heart disease, MI, and
peripheral arterial disease are included as variables in the
analysis. Due to likely correlations among these variables, a
stepwise approach is applied. A significance level of 0.1 is
required to allow a variable into the model and for a vari-
able to stay in the model.
Results

Overall, 2,199 patients were enrolled in the study; 415
had paroxysmal AF and 1,777 had persistent AF (Table 1).
Patients with paroxysmal AF were significantly older and
smal (n = 415) Persistent (n = 1,777) p value

66 § 10 64 § 11 0.0010

56 (62%) 1183 (67%) 0.0661

89 § 18 92 § 19 0.0049

30 § 6 31 § 6 0.1119

23 (54%) 1074 (60%) <0.0001
45 (11%) 37 (2%)

31 (8%) 63 (4%)

16 (28%) 603 (34%)

93 (47%) 406 (23%) <0.0001
45 (11%) 259 (15%) 0.0487

1.3 § 0.7 1.6 § 0.7 <0.0001
70 (65%) 909 (51%) <0.0001
91 § 37 95 § 35 0.1062

82 (20%) 401 (23%) 0.4375

17 (28%) 494 (28%)

16 (52%) 879 (50%)

1.0 § 0.8 0.9 § 0.8 0.0208

43 (83%) 1371 (77%) 0.0145

30 (31%) 830 (47%) <0.0001
87 (21%) 327 (18%) 0.2366

16 (4%) 78 (4%) 0.6885

95 (23%) 395 (22%) 0.7936

27 (7%) 120 (7%) 0.9136

21 (5%) 95 (5%) 0.9033

33 (8%) 101 (6%) 0.0879

15 (4%) 63 (4%) 0.8840

2 (0.5%) 3 (0.2%) 0.2409

3 (0.7%) 3 (0.2%) 0.0859

26 (30%) 286 (16%) <0.0001
61 (63%) 1116 (63%) 1.0000

27 (79%) 1380 (78%) 0.6461

91 (46%) 646 (36%) 0.0003

84 (20%) 455 (26%) 0.0227

51 (36%) 744 (42%) 0.0458

8 § 6 8 § 5 0.5823

67 § 29 72 § 27 0.0226

55 § 29 61 § 31 0.0109

05 (84%) 1273 (81%) 0.1752

63 (15%) 104 (6%) <0.0001



Table 2

Efficacy endpoint events by AF type and treatment group

Endpoint Edoxaban Enoxaparin-Warfarin Overall

Paroxysmal AF

(n = 208)

Persistent AF

(n = 887)

Paroxysmal AF

(n = 207)

Persistent AF

(n = 890)

Paroxysmal AF

(n = 415)

Persistent AF

(n = 1777)

Stroke, Systemic embolic events,

Myocardial infarction

or Cardiovascular Death

(primary endpoint)

2 (1.0%) 3 (0.3%) 4 (1.9%) 7 (0.8%) 6 (1.5%) 10 (0.6%)

Stroke 0% 2 (0.2%) 0% 3 (0.3%) 0% 5 (0.3%)

Systemic embolic events 1 (0.5%) 0% 0% 1 (0.1%) 1 (0.2%) 1 (0.1%)

Myocardial infarction 1 (0.5%) 1 (0.1%) 3 (1.5%) 0% 4 (1.0%) 1 (0.1%)

Cardiovascular death 0% 1 (0.1%) 2 (1.0%) 3 (0.3%) 2 (0.5%) 4 (0.2%)

Intracranial hemorrhage 0% 0% 0% 0% 0% 0%

Data are presented as n (%). AF, atrial fibrillation
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more frequently hypertensive compared with persistent AF
patients (Table 1). Congestive heart failure was more com-
mon in patients with persistent AF versus paroxysmal AF
(Table 1). The distribution of CHA2DS2-VASc scores and
rate of prior MI did not significantly differ between patients
with paroxysmal versus persistent AF (Table 1). At enroll-
ment, more patients with paroxysmal AF were anticoagu-
lant-naı̈ve, taking aspirin or statins, and had lower INR
relative to patients with persistent AF (Table 1). There was
a significantly greater proportion of patients with paroxys-
mal versus persistent AF in the TEE-guided stratum, and
significantly more paroxysmal AF patients experienced a
spontaneous cardioversion than occurred in persistent AF
patients (Table 1), consistent with previous reports.4

During the study (before ECV and at 58 days follow-up),
the primary composite endpoint event rate was numerically
higher—approaching statistical significance—in patients
with paroxysmal versus persistent AF (1.5% vs 0.6%,
p = 0.0571; individual events shown in Table 2).

There were no differences in all bleeding (2.9% vs 3.1%,
p = 0.83), major bleeding (0.5% vs 0.3%, p = 0.65), and the
composite of major and clinically relevant nonmajor bleed-
ing events (1.5% vs 1.2%, p = 0.66) between patients with
paroxysmal versus persistent AF.

A stepwise logistic regression analysis was performed to
identify predictors for MI or the composite endpoint of
stroke, SEE, MI, and CV death. AF type and CHA2DS2-
VASc score emerged as independent predictors of MI
(p = 0.0152 and 0.0276, respectively; patients with high
CHA2DS2-VASc score or paroxysmal AF had higher proba-
bility of MI). Region and CHA2DS2-VASc score emerged
as independent predictors of composite endpoint of stroke,
SEE, MI, and CV death (p = 0.0058 and 0.0007, respec-
tively), but AF type did not. However, there are limitations
with a stepwise approach. The p values may be underesti-
mated.
Discussion

In this ancillary analysis from ENSURE-AF, our princi-
pal findings are: (1) patients with paroxysmal AF may have
more frequent major cardiovascular events than those with
persistent AF following ECV, despite proper anticoagula-
tion at time of procedure; (2) Composite event rates were
driven mainly by MIs in patients with paroxysmal AF and
by stroke among those with persistent AF; (3) patients with
paroxysmal AF were more frequently anticoagulant-naı̈ve
despite similar CHA2DS2-VASc scores compared with per-
sistent AF patients; and (4) of note, all patients were treated
with adequate full dose of anticoagulant therapy encom-
passing edoxaban or enoxaparin/warfarin in the present trial
after ECV.

Recent results from the GARFIELD-AF registry showed
that persistent and permanent AF are associated with a
higher risk of stroke/systemic embolism, death, and new or
worsening heart failure than paroxysmal AF, even after
adjustment for a large variety of clinical features.12 Another
finding of the GARFIELD-AF registry is that differences
between types of AF were apparent in the subgroup of
patients only were was not prescribed anticoagulant ther-
apy.12 In anticoagulated patients, difference in the risks of
stroke/systemic embolism and new or worsening heart fail-
ure were absent.12 This finding is in contrast to the findings
in the ENSURE-AF trial since all included patients were
fully anticoagulated throughout the follow up.3 However,
ECV may carry a particular and more specific risk com-
pared with data from registries. Therefore, some differences
might be explained by the different durations of follow-up.
Nevertheless, outcome data are more rigorously assessed in
randomized prospective trials compared with registries.

Risks of stroke/systemic embolism in different AF types
are not captured by the values of CHA2DS2-VASc score.
As proposed, AF types, biomarker measurements, P-wave
analyses, and imaging modalities, in addition to the clinical
risk profile, may further refine the predictive value of risk
scores.10,13−16 This may help to define the extent of the
underlying atrial cardiomyopathy and degree of endocardial
remodeling, which defines the risk for atrial clot formation
at a molecular level.6 In addition, trial results already sug-
gest that taking AF pattern into consideration could aid the
decision to anticoagulate, particularly in patients with a low
stroke risk (i.e., a CHA2DS2-VASc score of ≤2).16−18 A
recent study by Kaplan et al analyzed 21,768 nonanticoagu-
lated patients with implanted devices, and found that an
increased AF duration and increasing CHA2DS2-VASc
score were both significantly associated with annualized
risk of stroke and systemic embolism.17 Importantly, stroke
and systemic embolism rates were low in AF patients with

www.ajconline.org
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CHA2DS2-VASc 0 to 1 regardless of AF duration. This is in
accordance with the present data set that showed that parox-
ysmal AF was associated to a lesser extent with stroke than
with MI. In that study, however, stroke risk crossed a
threshold defined as >1%/year in CHA2DS2-VASc 2
patients with >23.5 hours of AF, CHA2DS2-VASc 3 to 4
patients with >6 minutes of AF.16 A remarkable finding of
that study is that in CHA2DS2-VASc ≥5 patients stroke
rates were increased even in the absence of AF.17 The exact
duration of AF was not assessed in the ENSURE-AF trial;
therefore, no comment can be made regarding different AF
duration on stroke and MI after ECV.

Pathophysiologically, there are substantial differences
between paroxysmal and persistent AF with regard to
molecular atrial and ventricular biology.6,19−21 Short peri-
ods of AF instantaneously induce microcirculatory flow
abnormalities in the heart.19 This is associated with occur-
rence of angina pectoris in some patients, followed by
release of troponin T and a type 2 MI in the absence of cor-
onary artery disease.19 If coronary artery disease is present,
increased and irregular rate after initiation of AF may
impair flow across coronary artery stenoses causing myo-
cardial ischemia. The main mechanisms during the initial
phase of AF have been identified as the lack of nitric oxide
due to generation of reactive oxygen species and oxidative
stress in the ventricular tissue.20,21 Thus, short duration of
AF prior to ECV might have increased vulnerability of ven-
tricular myocardium periprocedurally, which may have
contributed to increased rate of MI in this particular sub-
group despite the presence of adequate anticoagulation.6

Interestingly, in persistent AF, oxidative stress is counter-
balanced by downregulation of oxidative stress enzymes
and signaling pathways.6 In addition, paroxysmal AF often
presents with high heart rate episodes, which may potenti-
ate ischemic events. This is generally the case for persistent
AF patients who have less dramatic heart rate changes, but,
in contrast, may have higher average heart rate eventually
leading to different degrees of tachycardia-induced cardio-
myopathy and heart failure. Therefore, persistent AF carries
a lower risk of AF-related myocardial ischemia in compari-
son with paroxysmal AF. Importantly, many AF patients
remain in their category of AF for longer periods of time.
Thus, the pattern of AF encompassing the already estab-
lished atrial pathology is unlikely to have changed in the
present trial with a short follow-up of 58 days.6 Develop-
ment of atrial thrombi is related to the Virchow’s Triad
including endocardial damage, reduced blood flow, and
activation of the clotting system. Persistent AF much better
characterizes such prothrombotic atrial pathologies.4,5 His-
tologic studies have revealed more pronounced atrial tissue
changes after longstanding AF episodes compared with AF
of short duration.6 Of note, these atrial changes persist even
after successful restoration of sinus rhythm in patients with
persistent AF, which may help to understand the increased
stroke rate in persistent AF patients. However, the overall
burden of AF might be a more useful and a better way for
characterization of stroke risk compared with the general
classification of paroxysmal and persistent AF.16−18 Thus,
the effects of AF burden on stroke rates need to be further
elucidated. Nevertheless, ENSURE-AF was not designed to
assess recurrences of AF after ECV. Therefore, it remains
speculative if relapses of AF have contributed directly to
the observed ischemic events. Outcome differences
between patients with paroxysmal versus persistent AF
could also be due to more frequent changes in thrombopro-
phylaxis regimen in the former or to longer exposure to
anticoagulants in the latter.

There are a number of limitations to this analysis, which
may limit its generalizability. True duration of AF recurrence
and AF burden was not assessed in the ENSURE-AF trial.
Therefore, no comment can be made regarding the impact of
AF duration on stroke and MI. The follow-up in the
ENSURE-AF trial encompassed a total of 58 days, only.
Thus, no comment can be made regarding longer follow up
periods. Although our trial is the largest ECV trial so far, the
absolute number of ischemic events was low. However, suffi-
ciently powered trials to assess ischemic endpoints after ECV
appear unrealistic since such a trial would need more than
10,000 patients.9 Nevertheless, previous studies have shown
that successful ECV is accompanied by substantial intraindi-
vidual changes of neurohormones, stem cells and organ perfu-
sion despite adequate anticoagulation.22−24 However, lack of
sufficient anticoagulation after ECV might provide better
answers regarding pathophysiological outcomes, but such an
approach is considered unethical, and therefore, not feasible.

Patients with paroxysmal AF have more frequent major
CV events than those with persistent AF following ECV
despite proper anticoagulation at the time of procedure and
during follow-up. Of note, composite event rates were
driven mainly by MI in patients with paroxysmal AF and
by stroke among those with persistent AF. However, the
absolute number of ischemic events was low after ECV.
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