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Aims Use of antiarrhythmic drugs (AADs) in patients with chronic kidney disease (CKD) is challenging owing to issues
with renal clearance, drug accumulation, and increased proarrhythmic risks. Because CKD is a common comorbidity
in patients with atrial fibrillation/atrial flutter (AF/AFL), it is important to establish the efficacy and safety of AAD
treatment in patients with CKD.
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Methods and
results

Dronedarone efficacy and safety in individuals with AF/AFL and varying renal functionality [estimated glomerular
filtration rate (eGFR): ≥60, ≥45 and <60, and <45 mL/min] was investigated in a post hoc analysis of ATHENA
(NCT00174785), a randomized, double-blind trial of dronedarone vs. placebo in patients with paroxysmal or persis-
tent AF/AFL plus additional cardiovascular (CV) risk factors. Log-rank testing and Cox regression were used to compare
the incidence of endpoints between treatments. Overall, 4588 participants were enrolled from the trial. There was
no interaction between treatment group and baseline eGFR assessed as a continuous variable (P = 0.743) for the
first CV hospitalization or death from any cause (primary outcome). This outcome was lower with dronedarone vs.
placebo across a wide range of renal function. First CV hospitalization and first AF/AFL recurrence were both lower
in the two least renally impaired subgroups with dronedarone vs. placebo. Treatment emergent adverse events leading
to treatment discontinuation were more frequent with dronedarone vs. placebo and occurred more often in patients
with severe renal impairment.
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Conclusion Dronedarone is an effective AAD in patients with AF/AFL and CV risk factors across a wide range of renal function.
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Graphical Abstract

Post-hoc analysis of the ATHENA trial demonstrates the efficacy of dronedarone across a wide range of renal function
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Introduction
Atrial fibrillation (AF) and atrial flutter (AFL) are the most fre-
quently encountered arrhythmias. AF-related symptoms and the risk
of strokes are significantly improved with ventricular rate control
and anticoagulation; controlling sinus rhythm can improve exercise
capacity and quality of life in patients with AF.1,2 As demonstrated in
the recent EAST-AFNET 4 trial, early comprehensive rhythm con-
trol [such as antiarrhythmic drugs (AADs)] as part of a structured
holistic management pathway is associated with a lower risk of car-
diovascular (CV) outcomes in patients with newly diagnosed AF.3

AF/AFL is estimated to occur in 15–40% of patients with chronic
kidney disease (CKD).4 Additionally, mild CKD and moderate-to-
severe CKD have been found to be independent risk factors for
all-cause mortality in patients with AF/AFL.5 However, the use of
AADs in patients with CKD is challenging because of the increased
proarrhythmic risks, especially in patients with CKD and concomi-
tant structural heart disease.4 A further concern is that administra-
tion of drugs that rely on kidney elimination can result in accumula-
tion and drug toxicity,6 especially as renal function deteriorates over
time. Because CKD and AF are often coexisting7 and increase with
an advancing age, it is important to establish the efficacy and safety
for AAD treatment in patients with AF and CKD. A post hoc anal-
ysis of the BALKAN-AF survey found that AF patients with CKD
received less rhythm control than rate control; when they did re-
ceive rhythm control, it was almost exclusively amiodarone,8 speak-
ing to the need for increased awareness of the safety and efficacy of
available alternative rhythm control therapies.
ATHENA (A Placebo-Controlled, Double-Blind, Parallel Arm Trial

to Assess the Efficacy of Dronedarone 400 mg bid for the Preven-
tion of Cardiovascular Hospitalization or Death from Any Cause in
Patients with Atrial Fibrillation/Atrial Flutter; NCT00174785) was a
randomized, double-blind, placebo-controlled trial to evaluate the
use of dronedarone in patients with AF/AFL who had additional risk
factors for death.9 The study found that dronedarone reduced the
incidence of CV hospitalization or death in patients with paroxysmal
or persistent AF/AFL.9

The aim of this post hoc analysis of the ATHENA trial was to
evaluate the impact of dronedarone on CV hospitalization or death

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

from any cause and safety outcomes in patients enrolled in the trial
across a range of renal function.

Methods
Study design
Details of the ATHENA trial have been described previously.9,10

Briefly, ATHENA was a randomized, placebo-controlled, multicen-
tre, double-blind, parallel-group trial that assessed the efficacy of
dronedarone for the prevention of CV hospitalization or death from
any cause in patients≥70 years of age with paroxysmal or persistent
AF/AFL and additional CV risk factors (arterial hypertension, pre-
vious stroke, transient ischaemic attack or systemic embolism, dia-
betes mellitus, left atrial diameter ≥50 mm, or left ventricular ejec-
tion fraction ≤40%). Patients with an estimated glomerular filtra-
tion rate (eGFR) of ≥10 mL/min (Cockcroft–Gault) were included
in the study. Detailed patient eligibility and exclusion criteria can
be found in the Supplementary material online. The study protocol
was approved by the institutional review board at each participating
institution.

Randomization and follow-up
Eligible patients were randomly assigned to either oral dronedarone
400 mg twice daily or a matching placebo (1:1 ratio). Assessment of
vital signs and electrocardiography (ECG) were performed on Days
7 and 14 and at 1, 3, 6, 9, 12, 15, 18, 21, 24, 27, and 30 months.
Renal function was assessed by clearance of serum creatinine at each
follow-up visit.

Study endpoints
The primary outcome of the ATHENA study9,10 and this ex-
ploratory post hoc analysis was first CV hospitalization or death from
any cause. Secondary endpoints were as follows: death from any
cause, death from CV causes, first hospitalization due to CV events,
and first documented recurrence of AF/AFL (assessed using stan-
dard ECG at follow-up visits). Safety outcomes including treatment-
emergent adverse events (TEAEs), defined as an adverse event
occurring between first dose of the study drug and 10 days after
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Figure 1 Hazard ratio (95% confidence interval) for first cardiovascular hospitalization or death from any cause related to treatment with
dronedarone vs. placebo according to baseline estimated glomerular filtration rate. Hazard ratio and 95% confidence interval (dotted lines) shown.
Test of interaction between treatment group and estimated glomerular filtration rate (Chronic Kidney Disease-Epidemiology Collaboration) as a
continuous variable: P-value = 0.7434. CI, confidence interval; eGFR, estimated glomerular filtration rate; and HR, hazard ratio.

the last dose, and TEAE leading to discontinuation were also evalu-
ated.

Statistical analysis
The original analysis of the ATHENA study used the Cockcroft–
Gault formula.10 In this exploratory subanalysis, renal function
(eGFR) was assessed using the CKD-Epidemiology Collaboration
(CKD-EPI) equation.11 Patients were then grouped by eGFR strata
in the following subgroups: ≥60, ≥45 and <60, and <45 mL/min.
For confirmation purposes, outcomes were also analysed in eGFR
strata classified according to the Modification of Diet in Renal
Disease (MDRD) Study Group criteria and the Cockcroft–Gault
formula.
Log-rank testing and Cox regression were used to compare time

to events between treatment groups. Modelling was performed
of time-to-event according to treatment, baseline CKD (eGFR as-
sessed as a continuous variable), and its interaction, using restricted
cubic spline for CKD. The restricted cubic spline analysis enabled
the model to fit the non-linearity of the CKD effect by the addition
of k-2 covariates of degree 3, with k being the number of knots. A
Cox model with interaction was used to analyse time-to-event ad-
justed for treatment, CKD (CKD itself + three cubic terms = four
covariates), and the four treatment-by-CKD interaction terms using
SAS Proc PHREG.

Results
Baseline characteristics
The analysis included data from 4588 participants of the 4628 re-
cruited for the ATHENA trial (Table 1). In total, 57% of patients
had either no decrease or a mild decrease in eGFR (≥60 mL/min
subgroup), 29% had a mild-to-moderate decrease in eGFR (≥45
and <60 mL/min subgroup), and the remaining 14% presented with

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

moderate-to-severe decreases in eGFR (<45 mL/min subgroup).
Median baseline eGFR for placebo and dronedarone were 74.1
and 73.2 mL/min, respectively, in the ≥60 mL/min subgroup, 53.4
and 53.5 mL/min, respectively, in the ≥45 and <60 mL/min sub-
group, and 37.9 and 39.5 mL/min, respectively, in the <45 mL/min
subgroup. The proportion of males in the subgroups decreased
with worsening renal function. There was a trend towards increas-
ing mean age and greater proportions with structural heart dis-
ease and coronary heart disease as renal function worsened. Mean
CHA2DS2-VASc scores (congestive heart failure, hypertension, age
≥75 [doubled], diabetes, stroke [doubled], vascular disease, age
65 to 74, sex category [female]) also increased with decreasing
renal function. In the ≥60 mL/min subgroup, ∼50% of partici-
pants had CHA2DS2-VASc scores >2, compared with ∼85% in the
<45 mL/min subgroup.

Primary outcome: first cardiovascular
hospitalization or death from any cause
In an analysis of all patients, rates of first CV hospitalization or
death were 857/2621 (32.7%) patients in the ≥60 mL/min sub-
group, 496/1332 (37.2%) in the ≥45 and <60 mL/min subgroup,
and 279/635 (43.9%) in the <45 mL/min subgroup. The effect of
treatment with dronedarone vs. placebo on first CV hospitalization
or death from any cause vs. baseline eGFR assessed as a contin-
uous variable is depicted in Figure 1, showing a relatively consis-
tent hazard ratio (HR) for the effect of dronedarone vs. placebo
across a wide range of renal function, with no significant interac-
tion between the study treatment group and CKD (P = 0.743).
The number of patients experiencing first CV hospitalization or
death from any cause was also analysed according to assigned renal
function group (eGFR) (Figure 2). Fewer patients experienced first
CV hospitalization or death from any cause in the dronedarone vs.
placebo groups, showing an HR ranging from 0.73 [95% confidence
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Table 1 Demographic characteristics, cardiovascular disease history, and cardiovascular disease medication use

eGFR ≥60 mL/min eGFR ≥45 and <60 mL/min eGFR <45 mL/min
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Characteristic, n (%)a
Placebo

(n = 1301)
Dronedarone
(n = 1320)

Placebo
(n = 683)

Dronedarone
(n = 649)

Placebo
(n = 322)

Dronedarone
(n = 313)

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

Age (years), mean ± SD 69.0 ± 9.4 69.2 ± 9.5 74.5 ± 7.2 73.6 ± 6.9 76.7 ± 6.6 77.1 ± 6.3
Sex, male 819 (63.0) 745 (56.4) 327 (47.9) 300 (46.2) 131 (40.7) 114 (36.4)
BMI ≥30 kg/m2 435 (33.4) 410 (31.1) 193 (28.3) 222 (34.2) 99 (30.7) 119 (38.0)
eGFR (mL/min) at baseline, median
(Q1, Q3)

74.1 (66.5, 84.7) 73.2 (66.5, 84.1) 53.4 (49.3, 56.6) 53.5 (49.9, 56.6) 37.9 (33.5, 42.0) 39.5 (33.7, 42.6)

Creatinine (μmol/L) at baseline,
median (Q1, Q3)

80.0 (70.7, 94.0) 79.6 (70.7, 90.0) 104.0 (91.0, 114.9) 103.0 (92.0, 114.9) 132.6 (117.0, 150.3) 132.6 (114.9, 150.3)

Hypertension 1113 (85.5) 1124 (85.2) 585 (85.7) 575 (88.6) 280 (87.0) 285 (91.1)
Structural heart disease 723 (56.1) 708 (54.2) 438 (64.2) 391 (60.4) 233 (72.6) 221 (70.6)
Coronary heart disease 350 (26.9) 345 (26.1) 240 (35.1) 194 (29.9) 133 (41.3) 117 (37.4)
Any CHF 328 (25.2) 326 (24.7) 227 (33.2) 215 (33.1) 135 (41.9) 127 (40.6)
Ischaemic dilated cardiomyopathy 49 (3.8) 38 (2.9) 39 (5.7) 23 (3.5) 29 (9.0) 30 (9.6)
Non-ischaemic dilated
cardiomyopathy

51 (3.9) 50 (3.8) 22 (3.2) 19 (2.9) 11 (3.4) 11 (3.5)

Rheumatic valvular heart disease 13 (1.0) 30 (2.3) 7 (1.0) 14 (2.2) 9 (2.8) 7 (2.2)
Non-rheumatic valvular heart disease 169 (13.0) 164 (12.4) 127 (18.6) 105 (16.2) 55 (17.1) 60 (19.2)
Hypertrophic cardiomyopathy 28 (2.2) 23 (1.7) 14 (2.0) 10 (1.5) 7 (2.2) 12 (3.8)
Congenital heart disease 9 (0.7) 14 (1.1) 4 (0.6) 3 (0.5) 3 (0.9) 4 (1.3)
CHA2DS2-VASc score, mean ± SD 2.5 ± 1.1 2.6 ± 1.1 3.1 ± 1.0 3.1 ± 1.0 3.5 ± 1.0 3.6 ± 1.0
CHA2DS2-VASc <2 228 (19.1) 224 (17.0) 43 (6.3) 32 (4.9) 8 (2.5) 7 (2.2)
CHA2DS2-VASc: 2 429 (33.0) 395 (29.9) 134 (19.6) 140 (21.6) 42 (13.0) 36 (11.5)
CHA2DS2-VASc >2 624 (48.0) 701 (53.1) 506 (74.1) 477 (73.5) 272 (84.5) 270 (86.3)
NYHA class

Class 1 103 (7.9) 137 (10.4) 47 (6.9) 49 (7.6) 27 (8.4) 22 (7.0)
Class 2 186 (14.3) 155 (11.7) 136 (19.9) 134 (20.6) 82 (25.5) 81 (25.9)
Class 3 39 (3.0) 34 (2.6) 44 (6.4) 32 (4.9) 26 (8.1) 24 (7.7)

Left ventricular ejection fraction,
mean ± SD

57.58 (10.50) 58.07 (10.36) 57.46 (11.74) 56.92 (11.23) 55.88 (12.81) 55.19 (12.48)

Pacemaker 98 (7.5) 91 (6.9) 96 (14.1) 66 (10.2) 46 (14.3) 54 (17.3)
Implanted cardioverter defibrillator 18 (1.4) 12 (0.9) 13 (1.9) 12 (1.8) 11 (3.4) 18 (5.8)
Left atrial diameter (mm), mean ±
SD

43.91 (6.91) 43.90 (6.73) 43.91 (6.97) 44.11 (6.57) 44.72 (7.72) 44.69 (7.34)

CVD medication use
Beta blockers (except sotalol) 921 (70.8) 919 (69.6) 476 (69.7) 483 (74.4) 237 (73.6) 219 (70.0)
ACE or AII inhibitor 886 (68.1) 906 (68.6) 484 (70.9) 478 (73.7) 226 (70.2) 226 (72.2)
Calcium channel blocker (rate
lowering)

173 (13.3) 195 (14.8) 97 (14.2) 89 (13.7) 36 (11.2) 47 (15.0)

Diuretics other than spironolactone 622 (47.8) 619 (46.9) 382 (55.9) 366 (56.4) 217 (67.4) 198 (63.3)
Spironolactone 63 (4.8) 64 (4.8) 33 (4.8) 48 (7.4) 39 (12.1) 35 (11.2)
Vitamin K antagonists 812 (62.4) 827 (62.7) 381 (55.8) 376 (57.9) 184 (57.1) 196 (62.6)
Low-dose aspirin (≤365 mg) 535 (41.1) 568 (43.0) 322 (47.1) 310 (47.8) 162 (50.3) 137 (43.8)
Other chronic antiplatelet therapy 77 (5.9) 74 (5.6) 52 (7.6) 35 (5.4) 37 (11.5) 17 (5.4)
Statins (CYP3A4 metabolized) 400 (30.7) 407 (30.8) 224 (32.8) 216 (33.3) 129 (40.1) 111 (35.5)
Statins (not CYP3A4 metabolized) 103 (7.9) 83 (6.3) 39 (5.7) 41 (6.3) 24 (7.5) 22 (7.0)
Moderate inhibitors of CYP3A4 122 (9.4) 136 (10.3) 74 (10.8) 56 (8.6) 30 (9.3) 22 (7.0)
Digoxin 179 (13.8) 188 (14.2) 84 (12.3) 88 (13.6) 45 (14.0) 43 (13.7)
Drugs interacting with creatinine
renal tubular secretionb

124 (9.5) 125 (9.5) 69 (10.1) 75 (11.6) 43 (13.4) 28 (8.9)

NSAID 60 (4.6) 69 (5.2) 34 (5.0) 31 (4.8) 29 (9.0) 14 (4.5)

a Data are n (%) unless otherwise stated.
b Presence of drugs that compete with creatinine for renal tubular secretion may result in reduced estimated glomerular filtration rate values, despite no change in renal
functionality measured by other parameters.
ACE, angiotensin converting enzyme; AII, angiotensin II; BMI, body mass index; CHA2DS2-VASc, congestive heart failure, hypertension, age ≥75 (doubled), diabetes, stroke
(doubled), vascular disease, age 65 to 74, sex category (female); CHF, chronic heart failure; CVD, cardiovascular disease; CYP3A4, cytochrome P450 3A4; eGFR, estimated
glomerular filtration rate; NSAID, non-steroidal anti-inflammatory drug; Q1, quartile 1; Q3, quartile 3; and SD, standard deviation.
Placebo group: n = 2306; dronedarone group: n = 2282.
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Figure 2 Number of patients experiencing first cardiovascular hospitalization or death from any cause. The ‘ATHENA primary analysis’ data
are from Hohnloser et al.9

*Probability of interaction between the treatment group and the subgroup. Total patients in dronedarone and placebo subgroups—≥60 mL/min:
1320 and 1301; ≥45 and <60 mL/min: 649 and 683; <45 mL/min: 313 and 322. CKD-EPI, Chronic Kidney Disease-Epidemiology Collaboration;
CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HR, hazard ratio; and PBO, placebo.

interval (CI) 0.64–0.84] to 0.82 (95% CI 0.65–1.03) across the renal
function groups, with no interaction effect of treatment group and
CKD subgroup (P = 0.727). In a subanalysis of patients with severe
renal impairment, similar results were observed [HR 0.77 (0.43–
1.39) for eGFR≥10 and<30 mL/min; HR 0.83 (0.64–1.08) for eGFR
≥30 and <45 mL/min; Supplementary material online, Figure S1].
The number of patients who experienced a first CV hospital-

ization was lower with dronedarone compared with placebo, with
an HR of 0.72 to 0.84 (P < 0.01 in the ≥60 mL/min and ≥45
and <60 mL/min groups; P > 0.05 in the <45 mL/min group)
(Figure 3A). There was no interaction effect of treatment group
and CKD subgroup (P = 0.573). The number of patients who
experienced death from any cause was numerically lower with
dronedarone compared with placebo in the ≥60 and <45 mL/min
subgroups, and similar in the ≥45 and <60 mL/min subgroup
(Figure 3B). However, log-rank test P-values were all >0.05, likely
due to the smaller patient populations following stratification. There
was no interaction effect of treatment group and CKD subgroup
(P = 0.576).

First recurrence of atrial
fibrillation/atrial flutter
Median time (in days) from randomization until first documented
recurrence of AF/AFL was longer with dronedarone vs. placebo
in all three subgroups [≥60 mL/min, 533 (386–552) vs. 197 (178–
312); ≥45 and <60 mL/min, 534 (378–593) vs. 187 (153–290); and
<45 mL/min, 363 (95% CI 191–555) vs. 183 (89–305)]. There was
also a difference in the number of patients experiencing first re-
currence of AF/AFL between the dronedarone and placebo groups
favouring dronedarone (HR 0.78 and 0.76, P < 0.01 for both, for the
≥60 mL/min and ≥45 and <60 mL/min subgroups, respectively).
The <45 mL/min subgroup showed an HR of 0.85, P > 0.05
(Figure 3C). There was no interaction effect of treatment group and
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CKD subgroup (P = 0.724). Patients with severe renal impairment
(≥30 and <45 mL/min and ≥10 and <30 mL/min) showed HRs of
0.82 and 0.97, respectively (P > 0.05 for both groups).

Change in creatinine
Following dronedarone treatment, creatinine levels initially increased
in all eGFR subgroups but appeared to plateau after the first mea-
surement (performed at Week 1) (Figure 4). In the more renally
impaired subgroups, values returned close to baseline at later time
points.

Safety
There was a general trend towards more TEAEs, serious TEAEs,
and TEAEs leading to discontinuation in patients with more impaired
renal function (Table 2). Differences between the dronedarone and
placebo groups were small with regard to TEAEs and serious TEAEs.
TEAEs leading to treatment discontinuation were more frequent in
the dronedarone vs. placebo arm and were more prevalent in pa-
tients with poor renal function (ranging from 10.3% to 21.4% for
dronedarone and from 7.8% to 9.6% for placebo). TEAEs leading to
treatment discontinuation were primarily of gastrointestinal origin in
both groups (Table 2); these gastrointestinal TEAEs were mostly at-
tributable to diarrhoea and nausea. Few patients in either treatment
group reported QT prolongation as a serious TEAE leading to treat-
ment discontinuation [placebo: one patient (0.04%); dronedarone:
four patients (0.2%)].
TEAEs in a subanalysis of patients with severe renal impair-

ment are presented in the Supplementary material online, Table S1.
A higher proportion of patients receiving dronedarone reported
TEAEs leading to treatment discontinuation compared with patients
receiving placebo in all renal function groups; again, gastrointestinal
TEAEs (primarily diarrhoea and nausea) leading to discontinuation
were most commonly observed.
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Figure 3 Number of patients with (A) first cardiovascular hospitalization, (B) death from any cause, and (C) first atrial fibrillation / atrial flutter
recurrence. The ‘ATHENA primary analysis’ data are from Hohnloser et al.9 *Probability of interaction between the treatment group and the
subgroup. Total patients in dronedarone and placebo subgroups—≥60 mL/min: 1320 and 1301; ≥45 and <60 mL/min: 649 and 683; <45 mL/min:
313 and 322. AF, atrial fibrillation; AFL, atrial flutter; CKD-EPI, Chronic Kidney Disease-Epidemiology Collaboration; CI, confidence interval; CV,
cardiovascular; eGFR, estimated glomerular filtration rate; HR, hazard ratio; and PBO, placebo.

Modification of Diet in Renal Disease
Study Group criteria and
Cockcroft–Gault formula
As a sensitivity analysis, outcomes were also analysed in eGFR strata
classified according to the MDRD Study Group criteria and the
Cockcroft–Gault formula, used in the original ATHENA analysis.10

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

The findings were unchanged and these data are not presented
herein.

Discussion
This exploratory post hoc analysis of the ATHENA trial aimed to
determine the efficacy and safety of dronedarone in relation to
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Figure 4 Percentage change from baseline in creatinine by estimated glomerular filtration rate category, with study time displayed on the x-axis.

Table 2 Summary of treatment-emergent adverse events by treatment and estimated glomerular filtration
rate subgroup (≥60, ≥45 and <60, and <45 mL/min)

eGFR ≥60 mL/min eGFR ≥45 and <60 mL/min eGFR <45 mL/min
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

n (%)
Placebo

(n = 1301)
Dronedarone
(n = 1320)

Placebo
(n = 683)

Dronedarone
(n = 649)

Placebo
(n = 322)

Dronedarone
(n = 313)

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

Any TEAE 886 (68.1) 921 (69.8) 479 (70.1) 478 (73.7) 233 (72.4) 243 (77.6)
Any serious TEAE 267 (20.5) 243 (18.4) 137 (20.1) 132 (20.3) 84 (26.1) 77 (24.6)
Any TEAE leading to discontinuation 102 (7.8) 136 (10.3) 55 (8.1) 90 (13.9) 31 (9.6) 67 (21.4)
Cardiac disorders 14 (1.1) 21 (1.6) 7 (1.0) 12 (1.8) 8 (2.5) 11 (3.5)
Gastrointestinal disorders 46 (3.5) 67 (5.1) 15 (2.2) 35 (5.4) 11 (3.4) 24 (7.7)
General disorders and administration
site conditions

28 (2.2) 28 (2.1) 14 (2.0) 16 (2.5) 8 (2.5) 18 (5.8)

Infections and infestations 19 (1.5) 23 (1.7) 9 (1.3) 17 (2.6) 9 (2.8) 10 (3.2)
Investigations 15 (1.2) 36 (2.7) 9 (1.3) 32 (4.9) 5 (1.6) 23 (7.3)
Metabolism and nutrition disorders 9 (0.7) 15 (1.1) 5 (0.7) 7 (1.1) 3 (0.9) 13 (4.2)
Musculoskeletal and connective tissue
disorders

18 (1.4) 26 (2.0) 9 (1.3) 10 (1.5) 7 (2.2) 7 (2.2)

Nervous system disorders 25 (1.9) 33 (2.5) 9 (1.3) 14 (2.2) 9 (2.8) 10 (3.2)
Psychiatric disorders 7 (0.5) 15 (1.1) 5 (0.7) 3 (0.5) 8 (2.5) 2 (0.6)
Renal and urinary disorders 5 (0.4) 6 (0.5) 1 (0.1) 6 (0.9) 5 (1.6) 10 (3.2)
Respiratory, thoracic and mediastinal
disorders

18 (1.4) 21 (1.6) 11 (1.6) 11 (1.7) 8 (2.5) 9 (2.9)

Skin and subcutaneous tissue
disorders

17 (1.3) 27 (2.0) 4 (0.6) 11 (1.7) 6 (1.9) 9 (2.9)

Placebo group (overall): n = 2306; dronedarone group (overall): n = 2282. Treatment-emergent adverse event types leading to discontinuation in ≥2% of patients in any
treatment group/estimated glomerular filtration rate subgroup are listed. eGFR, estimated glomerular filtration rate; TEAE, treatment-emergent adverse event.

renal function. Dronedarone was associated with a lower incidence
of first CV hospitalization or death from any cause vs. placebo
across a wide spectrum of renal function, consistent with the
outcomes of the primary ATHENA trial.9 These findings are sup-
ported by modelling of treatment by baseline eGFR as a continuous
variable, rather than choosing the specific cut-off points dividing
patients into subgroups. The failure to achieve statistical significance

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

separately in the <45 mL/min subgroup was most likely a reflection
of the smaller population size resulting in reduced statistical power.
Secondary endpoints, including CV hospitalization and first re-

currence of AF/AFL, showed improved or similar outcomes with
dronedarone vs. placebo, with the ≥60 mL/min and ≥45 and
<60 mL/min subgroups showing improvements that were statisti-
cally significant, but because of the post hoc nature of our analyses,
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further studies are needed to corroborate these findings. As ex-
pected, in ATHENA the risk for first CV hospitalization or death
from any cause was higher in patients with renal impairment, in line
with similar findings on the increased risk for all-cause and CV mor-
tality with worsening renal impairment.12

Dronedarone competes with creatinine for the renal tubular
cation transport pathway, inhibiting tubular secretion of creatinine
by ∼18% and subsequently increasing serum creatinine.13

Although this increase in serum creatinine was also described
for dronedarone in the ANDROMEDA, EURIDIS-ADONIS, and
PALLAS trials,9,14–16 it does not represent a decrease in glomerular
filtration rate (GFR).13 In this analysis, the increase in creatinine in
the dronedarone groups was maintained until the end of the study
in the ≥60 mL/min subgroup, but returned close to baseline in the
subgroups with greater renal impairment.
Although the study was not powered to detect differences be-

tween the treatment arms in subgroups based on renal function,
the results did not show any signs of unfavourable individual out-
comes with dronedarone across a wide spectrum of renal function.
No significant difference in deaths from any cause was observed
between dronedarone and placebo in any eGFR subgroup. Serious
TEAEs and deaths did not differ notably between dronedarone and
placebo in each group, although TEAEs leading to discontinuation
were numerically higher in patients with an eGFR of <45 mL/min
receiving dronedarone vs. placebo. Another analysis of the ATHENA
study has linked older age with a higher discontinuation rate;17

since older age was associated with worse renal function in the
current analysis, this may explain the observed high rate of dis-
continuation in patients with severe renal impairment. CHA2DS2-
VASc scores, a prognostic marker of increased risk for stroke or
thromboembolic events and well recognized as a ‘frailty index’,18

were also higher in patients with more severe renal impairment,
possibly reflecting a more fragile population of older age, with
more comorbidities and medications with which possible drug–
drug interactions and adverse effects are more common. While
the higher medication burden in elderly vs. younger populations
may increase the potential for adverse interaction, results from this
analysis indicate that the rate of treatment discontinuation due to
serious TEAEs involving bleeding/thrombotic events, QT prolon-
gation, or heart failure was generally low, which may provide re-
assurance of the acceptable safety profile of dronedarone in this
population.

Limitations
This was a post hoc analysis of a prospective randomized controlled
trial, and patients were not stratified according to renal function in
the main trial. Splitting the overall trial population into eGFR cate-
gories meant that the number of participants in each subgroup was
reduced compared with the overall study population in the original
trial.9 This resulted in a loss of power, particularly in the most renally
impaired <45 mL/min subgroup [which constituted only 14% (n =
635) of included patients], although there was no interaction when
studying eGFR as a continuous variable. The majority of patients had
mild to moderate renal impairment, limiting the generalizability to
patients with severe renal impairment. Finally, direct oral anticoagu-
lants (DOACs) were not approved for atrial fibrillation at the time

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

of the ATHENA study19 and so are not represented in the trial pop-
ulation; therefore, it is not possible to make any assessment of the
safety/efficacy of dronedarone in conjunction with DOAC adminis-
tration based on the current analysis.

Conclusions
Our findings demonstrate that dronedarone reduced first CV hospi-
talization or death from any cause in individuals with AF/AFL and ad-
ditional risk factors across a wide range of renal function. Although
dronedarone is an effective treatment in patients with structural
heart disease and renal impairment compared with other AADs,
which have limitations in their use or require dose reduction,4 fur-
ther assessment of safety will be required in larger populations of
patients with severe CKD.

Supplementary material
Supplementary material is available at European Heart Journal—
Cardiovascular Pharmacotherapy online.
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