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Aims This post hoc analysis of the ATHENA trial (NCT00174785) assessed the effect of dronedarone on the estimated burden of 
atrial fibrillation (AF)/atrial flutter (AFL) progression to presumed permanent AF/AFL, and regression to sinus rhythm (SR), 
compared with placebo.

Methods 
and results

The burden of AF/AFL was estimated by a modified Rosendaal method using available electrocardiograms (ECG). 
Cumulative incidence of permanent AF/AFL (defined as ≥6 months of AF/AFL until end of study) or permanent SR (defined 
as ≥6 months of SR until end of study) were calculated using Kaplan–Meier estimates. A log-rank test was used to assess 
statistical significance. Hazard ratios (HRs) with corresponding 95% confidence intervals (CIs) were estimated using a Cox 
model, adjusted for treatment group. Of the 4439 patients included in this analysis, 2208 received dronedarone, and 2231 
placebo. Baseline and clinical characteristics were well balanced between groups. Overall, 304 (13.8%) dronedarone-treated 
patients progressed to permanent AF/AFL compared with 455 (20.4%) treated with placebo (P < 0.0001). Compared with 
those receiving placebo, patients receiving dronedarone had a lower cumulative incidence of permanent AF/AFL (log-rank 
P < 0.001; HR: 0.65; 95% CI: 0.56–0.75), a higher cumulative incidence of permanent SR (log-rank P < 0.001; HR: 1.19; 95% 
CI: 1.09–1.29), and a lower estimated AF/AFL burden over time (P < 0.01 from Day 14 to Month 21).

Conclusion These results suggest that dronedarone could be a useful antiarrhythmic drug for early rhythm control due to less AF/AFL 
progression and more regression to SR vs. placebo, potentially reflecting reverse remodeling.
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Graphical Abstract

Conclusion
These results suggest that dronedarone could be a useful antiarrhythmic drug for early 
rhythm control because there was less AF/AFL progression and more regression to SR 
versus placebo, potentially reflecting reverse remodeling

Effect of dronedarone vs. placebo on atrial
fibrillation progression: a post hoc analysis from
the ATHENA trial

OBJECTIVE

To assess whether dronedarone vs placebo 
affects:
• Progression of AF/AFL to more persistent forms
• Regression of AF/AFL, measured by

regression to permanent SR
• AF/AFL burden, defined as the amount of

time in AF/AFL

METHODS

Cumulative incidence of presumed permanent 
AF/AFL or permanent SR was calculated using 
the complement of Kaplan–Meier estimates, with 
statistical significance assessed by log-rank test 
AF/AFL burden was estimated using a modified 
Rosendaal method, based on the presence 
or absence of AF/AFL assessed by ECG at 
each visit 
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AF, atrial fibrillation; AFL, atrial flutter; CI, confidence interval; D, day; ECG, electrocardiogram; HR, hazard ratio; M, month; SR, sinus rhythm.
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Cumulative incidence over time of permanent AF/AFL was significantly
lower in dronedarone-treated patients (HR; 0.65; 95% CI 0.56-0.75);

patients treated with dronedarone were 35% less likely to 
progress to permanent AF/AFL over time

Cumulative incidence of permanent SR over time was significantly 
higher in those receiving dronedarone vs placebo (HR; 1.19; 
95% CI 1.09-1.29); patients treated with dronedarone were 

19% more likely to improve to permanent SR over time

Estimated AF/AFL burden over time was lower in
dronedarone- vs placebo-treated patients

A total of 1149 (52.0%) dronedarone-treated patients achieved permanent
SR compared with 1021 (45.8%) who received placebo (P=0.006)

A total of 304 (13.8%) dronedarone-treated patients progressed to 
permanent AF/AFL compared with 455 (20.4%)

who received placebo (P<0.0001)

*P < 0.05; **P < 0.001; ***P < 0.0001.
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What’s new?

• Progression to permanent AF/AFL was less frequent and regression 
to permanent sinus rhythm (SR) was more frequent among patients 
with atrial fibrillation (AF)/atrial flutter (AFL) who received drone-
darone vs. placebo, potentially reflecting reverse remodeling

• Patients treated with dronedarone also had lower cumulative inci-
dence of permanent AF/AFL, higher cumulative incidence of per-
manent SR, and lower estimated AF/AFL burden over time

• Progression to permanent AF/AFL occurred later with dronedarone 
vs. placebo

• To our knowledge, this post hoc analysis of the ATHENA trial is the 
first application of the Rosendaal method of linear interpolation to 
estimate AF/AFL burden

Introduction
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia 
and is associated with increased risk for stroke, heart failure, and cardio-
vascular death.1–3 AF is a progressive arrhythmia that can advance from 
paroxysmal (duration ≤7 days) to persistent (duration >7 days without 
spontaneous conversion to sinus rhythm [SR]) or to permanent AF.4,5

Results of a systematic review of use of AF ablation showed that in gen-
eral population studies, progression to more persistent or permanent 
forms of AF occurred in 10%–20% of people with paroxysmal AF within 
1 year of follow-up.6 Progression over time to more persistent forms of 
AF is associated with increased disease burden, hospitalization rates, and 
increased mortality4,7,8 and is related to structural and atrial electrical re-
modeling.9,10 The findings of several studies support the use of rhythm 
control in people with AF to slow disease progression and improve car-
diovascular outcomes.11,12 Observational studies have shown that pa-
tients with non-permanent AF who received rhythm control were 
less likely to progress to permanent AF compared with those who re-
ceived only rate control therapy,13 and that early rhythm control is as-
sociated with a lower risk of adverse cardiovascular outcomes.14 In the 
ATHENA trial, in which patients with paroxysmal or persistent AF were 
enrolled, treatment with dronedarone was associated with a significant 
reduction in the incidence of the primary composite endpoint of first 
cardiovascular hospitalization or death due to any cause compared 
with placebo.15 Additionally, in a post hoc analysis of the ATHENA popu-
lation, dronedarone demonstrated efficacy vs. placebo regardless of 
duration of AF/atrial flutter (AFL), but was more robust in those with 
short (<3 months) or intermediate (3 to <24 months) AF/AFL history 
compared with those with an AF/AFL history ≥24 months.16 In the cur-
rent post hoc analysis of ATHENA, we hypothesized that (i) there is a 
lower AF/AFL burden over time in patients receiving dronedarone com-
pared with placebo, and (ii) there is less AF progression and more AF 
regression in dronedarone-treated vs. placebo-treated patients.

Methods
Overview of the ATHENA study
ATHENA was a double-blind, placebo-controlled randomized study 
(NCT00174785); design and primary results have been previously 

reported.15,17 The study evaluated outcomes among 4628 patients with 
paroxysmal or persistent AF/AFL (enrolled between June 2005 and 
December 2006) who received dronedarone (400 mg twice daily) or pla-
cebo. The mean follow-up period was 21 ± 5 months with a minimum 
follow-up of 12 months. All patients in the ATHENA study provided writ-
ten informed consent; the study was approved by independent review 
boards at participating sites and was conducted according to the 
Declaration of Helsinki.

Outcomes
In the present analysis, the outcomes of interest were estimated AF/AFL 
burden over time, cumulative incidence of presumed permanent AF/AFL 
(defined as AF progression) and presumed permanent SR (defined as AF re-
gression). To be classified as having presumed permanent AF/AFL, patients 
were required to have a period of ≥6 months with all available electrocar-
diograms (ECGs) showing AF/AFL until the end of study. To be classified as 
having permanent SR, patients were required to have a period of ≥6 
months with all available ECGs showing SR until the end of study.

Statistical analysis
Demographic characteristics, clinical characteristics, and safety data were summar-
ized using descriptive statistics. Cumulative incidence functions were calculated 
using the complement of Kaplan–Meier estimates. Comparison between treat-
ment groups was assessed using a log-rank test. Hazard ratios (HRs) with corre-
sponding 95% confidence interval (CIs) were estimated using a Cox model 
adjusted for treatment group. AF/AFL burden was estimated using the modified 
Rosendaal method18 to calculate percentage of time in AF/AFL assessed by avail-
able ECGs. The modified Rosendaal method18 uses linear interpolation to esti-
mate the time a patient spends in AF/AFL. This method was adapted to apply 
to qualitative outcomes and to calculate the percentage of time each patient spent 
in AF/AFL using available ECG assessments. All tests were two-sided, and P-values 
of <0.05 were considered statistically significant. P-values are displayed for descrip-
tive purpose only. Data were analyzed using SAS version 9.4 (Cary, NC, USA).

Results
Of the 4628 patients randomized in the ATHENA study, 4439 were in-
cluded in the analysis (2208 in the dronedarone arm and 2231 in the 
placebo arm). A total of 189 patients with missing ECGs or undefined 
assessment at baseline were excluded from the analysis. Baseline and 
clinical characteristics were well balanced between groups (Table 1), 
as was the use of baseline medications (Table 2).

AF progression and regression
Overall, at the end of follow-up, 304 of 2208 dronedarone-treated pa-
tients had progressed to permanent AF/AFL compared with 455 of 
2231 patients who received placebo (13.8% vs. 20.4%, respectively; 
P < 0.0001). A total of 1149 dronedarone-treated patients had 
achieved permanent SR compared with 1021 patients who received 
placebo (52.0% vs. 45.8%, respectively; P = 0.006). Irrespective of treat-
ment group, the proportions of patients progressing to permanent vs. 
non-permanent AF/AFL were higher for those who had left atrial dia-
meters >40 mm (dronedarone 85.7% vs. 67.3%; placebo 80.4% vs. 
66.5%), for those with left ventricular ejection <50% (dronedarone 
22.6% vs. 16.6%; placebo 21.3% vs. 17.3%) (Table 3). The reverse was 
observed for those achieving permanent SR (Table 3).
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Progression of AF/AFL, as defined by the cumulative incidence of 
permanent AF/AFL over time, was lower in patients who received dro-
nedarone vs. placebo (log-rank P < 0.001; HR: 0.65; 95% CI: 0.56–0.75; 
Figure 1). Regression of AF/AFL, as defined by the cumulative incidence 
of permanent SR over time, was higher in dronedarone-treated vs. 
placebo-treated patients (log-rank P < 0.001; HR: 1.19; 95% CI: 1.09– 
1.29; Figure 2). Estimated AF/AFL burden was significantly lower at 
each planned visit in patients who received dronedarone compared 
with those who received placebo (Figure 3).

Safety
A summary of treatment-emergent adverse events (TEAEs) is included 
in Table 4. Rates of TEAEs leading to permanent discontinuation of 
study drug were higher with dronedarone vs. placebo in all comparison 
groups (Table 4), in line with the findings in the main ATHENA trial.15

Overall rates of discontinuation for dronedarone vs. placebo were 
12.7% vs. 8.1%, respectively, with events of diarrhoea, nausea, pro-
longation of QT on ECG, and increased levels of serum creatinine con-
tributing to the imbalance.

Discussion
ATHENA is the largest clinical trial to date assessing clinical outcomes in 
AF patients using an antiarrhythmic drug (AAD). In this post hoc analysis, 

the effect of dronedarone on the progression of AF/AFL was evaluated 
using the cumulative incidence of presumed permanent AF/AFL and es-
timated AF/AFL burden using the modified Rosendaal method.18 To 
our knowledge, this is the first study to apply this methodology in 
the context of estimating AF/AFL burden.

A lower proportion of patients treated with dronedarone as com-
pared with placebo progressed to permanent AF/AFL over time; a high-
er proportion of patients had AF regression to SR and, overall, had a 
lower estimated AF/AFL burden. At any time point during the study 
period, patients treated with dronedarone were 35% less likely to pro-
gress to permanent AF/AFL and 19% more likely to improve to per-
manent SR compared with patients who received placebo. The 
positive effects on progression, regression, and AF/AFL burden suggest 
that dronedarone may reverse atrial and ventricular remodeling. This 
suggestion is supported by results from animal studies of structural 
heart disease in which dronedarone was found to decrease remodeling 
through increased bioavailability of nitric oxide19 and to cause regres-
sion of myocardial remodeling.20–22 Moreover, dronedarone has previ-
ously been shown in the HESTIA study to reduce AF burden in patients 
with pacemakers who had paroxysmal or persistent AF.23 The protect-
ive effect of dronedarone in preventing recurrence of AF has also been 
recorded in a real world observational study (EFFECT-AF), with drone-
darone having similar efficacy to other AADs (mainly amiodarone 
[46.5%], Class Ic drugs [42.1%], or sotalol [10.8%]) in preventing first 
AF recurrence.24 The positive effects on AF/AFL burden, and on AF 
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Table 2 Baseline cardiovascular medications

Baseline 
medications n (%)

Progression to permanent AF/AFL Regression to permanent SR

Dronedarone Placebo Dronedarone Placebo

Permanent 
AF/AFL

Non-permanent 
AF/AFL

Permanent 
AF/AFL

Non-permanent 
AF/AFL

Permanent 
SR

Not 
permanent 
SR

Permanent 
SR

Not 
permanent 
SR

(n = 304) (n = 1904) (n = 455) (n = 1776) (n = 1149) (n = 1059) (n = 1021) (n = 1210)

Beta blocking agents 

(not including 
sotalol)

215 (70.7) 1348 (70.8) 315 (69.2) 1267 (71.3) 836 (72.8) 727 (68.6) 724 (70.9) 858 (70.9)

ACE inhibitors or 
AII receptor 

antagonist

209 (68.8) 1352 (71.0) 321 (70.5) 1228 (69.1) 846 (73.6) 715 (67.5) 721 (70.6) 828 (68.4)

Oral anticoagulant 250 (82.2) 1098 (57.7) 351 (77.1) 975 (54.9) 564 (49.1) 784 (74.0) 461 (45.2) 865 (71.5)

Diuretics

Other than 
spironolactone

162 (53.3) 979 (51.4) 245 (53.8) 929 (52.3) 580 (50.5) 561 (53.0) 521 (51.0) 653 (54.0)

Spironolactone 26 (8.6) 113 (5.9) 29 (6.4) 101 (5.7) 52 (4.5) 87 (8.2) 52 (5.1) 78 (6.4)

Aspirin (<365 mg) 96 (31.6) 882 (46.3) 138 (30.3) 846 (47.6) 581 (50.6) 397 (37.5) 558 (54.7) 426 (35.2)

Statins

Metabolized by 
CYP3A4

99 (32.6) 600 (31.5) 148 (32.5) 578 (32.5) 343 (29.9) 356 (33.6) 320 (31.3) 406 (33.6)

Not metabolized by 
CYP3A4

22 (7.2) 122 (6.4) 27 (5.9) 133 (7.5) 73 (6.4) 71 (6.7) 64 (6.3) 96 (7.9)

Calcium antagonist 
(with heart rate 

lowering effects)

46 (15.1) 274 (14.4) 58 (12.7) 232 (13.1) 140 (12.2) 180 (17.0) 112 (11.0) 178 (14.7)

Digitalis 56 (18.4) 252 (13.2) 82 (18.0) 211 (11.9) 109 (9.5) 199 (18.8) 89 (8.7) 204 (16.9)

ACE, angiotensin-converting enzyme; AF, atrial fibrillation; AFL, atrial flutter.
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progression and regression by dronedarone in the current study sug-
gest dronedarone may be a preferred treatment option early in the 
course of AF, particularly given its low pro-arrhythmic risk.15 In a pre-
vious post hoc analysis of ATHENA that categorized patients into 
groups according to time since first-known AF/AFL episode (<3 
months, 3 to <24 months, and ≥24 months),16 dronedarone was 

shown to be associated with improved primary outcome of cardiovas-
cular hospitalization and death from any cause at all time points. The 
effects were, however, more pronounced in those with shorter vs. 
longer AF/AFL histories,16 suggesting that dronedarone should be 
used at an early stage of the AF disease, whereas factors such as age 
or sex do not impact the efficacy of dronedarone.25 Recently, the 

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

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

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

Table 3 Baseline cardiovascular examinations

Patient 
characteristics

Progression to permanent AF/AFL Regression to permanent SR

Dronedarone Placebo Dronedarone Placebo

Permanent  
AF/AFL

Non-permanent  
AF/AFL

Permanent  
AF/AFL

Non-permanent  
AF/AFL

Permanent 
SR

Not 
permanent 
SR

Permanent 
SR

Not 
permanent 
SR

(n = 304) (n = 1904) (n = 455) (n = 1776) (n = 1149) (n = 1059) (n = 1021) (n = 1210)

Baseline  

cardiovascular  
examination

Left atrium 
diameter n

300 1883 450 1748 1132 1051 1009 1189

Mean (SD) 46.53 (6.14) 43.65 (6.77) 46.35 (6.75) 43.39 (7.01) 42.88 (6.44) 45.30 (6.87) 42.37 (6.72) 45.38 (7.04)

> 40 mm n (%) 257 (85.7) 1267 (67.3) 362 (80.4) 1162 (66.5) 726 (64.1) 798 (75.9) 619 (61.3) 905 (76.1)

Left ventricular 

ejection fraction 
% n

301 1879 451 1748 1130 1050 1007 1192

Mean (SD) 56.01 (11.19) 57.66 (10.82) 56.70 (11.26) 57.60 (11.20) 58.33 (9.98) 56.47 (11.71) 58.68 (10.62) 56.35 (11.59)

< 50% n (%) 68 (22.6) 312 (16.6) 96 (21.3) 303 (17.3) 158 (14.0) 222 (21.1) 135 (13.4) 264 (22.1)

AF, atrial fibrillation; AFL, atrial flutter; SD, standard deviation.
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Figure 1 Cumulative incidence curves for progression to permanent AF/AFL. AF, atrial fibrillation; AFL, atrial flutter; CI, confidence interval; HR, 
hazard ratio.
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clinical importance of early rhythm control has been emphasized in a 
number of studies.11,12,26–28 The EAST-AFNET 4 trial demonstrated 
that early comprehensive rhythm control (using AADs and/or catheter 
ablation) was associated with a significant reduction in risk of adverse 
cardiovascular outcomes compared with the guideline-recommended 
standard of care, which was limited to the guideline-based management 
of AF-related symptoms.26,27 Additionally, the STOP AF First and 
EARLY AF trials support the use of ablation over AADs as initial early 

rhythm control therapy (dronedarone was used by 12% and 8.1% of pa-
tients included in the AAD groups in these studies, respectively).11,12

Patients with AF/AFL progression in this analysis tended to have lar-
ger left atrial diameters and lower left ventricular ejection fractions ir-
respective of treatment group, which is consistent with other 
reports.29 Additionally, in the dronedarone (as opposed to placebo) 
arm, patients who progressed to permanent AF/AFL were also more 
likely to have structural heart disease or coronary heart disease—all 

Placebo Dronedarone

C
um

ul
at

iv
e 

in
ci

de
nc

e 
(%

)

0
0

20

40

60

80

100

60 120 180 240 300 360

Patients
at risk

Placebo
Dronedarone

Time (days)

420 480 540 600 660 720

2231 1198 1134 1098 1046 1037 1020 894 804 701 590 468
2208 1037 974 941 886 879 862 769 688 609 511 415

273
236

Log-rank P < 0.001

Figure 2 Cumulative incidence curves for AF/AFL regression to permanent SR. AF, atrial fibrillation; AFL, atrial flutter; CI, confidence interval; HR, 
hazard ratio; SR, sinus rhythm.

*

**

***

***

***
*** *** *** *

**

P
er

ce
nt

ag
e 

tim
e 

in
 A

F
/A

F
L

(M
ea

n;
 9

5%
 C

I)
 

50

40

70

60

80

Placebo
Dronedarone

Analysis visit

D7
± 2D

D14
± 5D

M1
± 7D

M3
± 14D

M6
± 14D

M12
± 14D

M15
± 14D

M18
± 14D

M21
± 14D

M24
± 14D

Figure 3 Estimated mean AF/AFL burden (%) calculated using modified Rosendaal method.18 AF, atrial fibrillation; AFL, atrial flutter; CI, confidence 
interval; D, day; M, month. Analysis performed using Student’s t-test: * P < 0.05; ** P < 0.001; *** P < 0.0001.



Effect of dronedarone vs. placebo on atrial fibrillation progression                                                                                                                    853

known factors related to the progression of atrial cardiomyopathy and 
to more persistent forms of AF.4,29 Although these differences were 
small, this post hoc analysis provides the incentive to further investigate 
whether treatment with the multi-channel blocker dronedarone can 
protect against atrial disease progression and promote AF regression 
in patients at different stages/durations of AF.

Limitations
This was a post hoc analysis, and as such, the results of this analysis 
should be considered hypothesis-generating. It was not known whether 
patients had paroxysmal or persistent forms of AF/AFL upon random-
ization or follow-up in the ATHENA trial. While the Rosendaal method 
has been previously used to estimate the percentage of time a continu-
ous outcome remains within a therapeutic range, in this post hoc ana-
lysis, this method was adapted to estimate the percentage of time a 
patient remains in AF/AFL, a categorical outcome. ECG evaluations in 
this study were infrequent, as they were assessed at specific time points 
as per study protocol, limiting the accuracy of assessment of estimated 
AF/AFL burden, and AF/AFL progression and regression.

Conclusions
In this post hoc analysis of the ATHENA trial, the observation of a lower 
estimated AF/AFL burden, lower AF progression, and more AF regres-
sion to SR over time in patients receiving dronedarone compared with 
those receiving placebo suggests that dronedarone may potentially re-
verse cardiac remodeling and thereby be a useful early treatment for 
patients with AF.
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