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ABSTRACT
Background: Rhythm control therapy with antiarrhythmic drugs (AADs) or catheter ablation is recommended for treatment of

atrial fibrillation (AF). The impact of first‐line AAD therapy (including dronedarone) or ablation on health care resource

utilization (HCRU) is unclear.

Methods: Optum's de‐identified Clinformatics Data Mart Database (January 1, 2012 to January 31, 2022) was used to assess US

adults with AF (within 1 year) and no prior AADs who received first‐line dronedarone or first‐line ablation (including non‐
dronedarone AADs then ablation within 90 days) using a comparative cohort design. Dronedarone and ablation cohorts were

propensity score matched. HCRU and per‐patient per‐month (PPPM) payer costs were compared over 24‐months' follow‐up.
Sensitivity analyses assessing first‐line ablation with no prior AADs were conducted.

Results: Post‐matching, dronedarone and ablation cohorts (n= 1440) were similar. Event rate ratios (ERR; [95% CI]) for

inpatient (0.85 [0.77–0.93]), any outpatient (0.95 [0.94–0.96]), or emergency room (0.91 [0.85–0.97]) visits, or atrial tachy-

arrhythmia (ATA)/AF–related procedures (0.72 [0.71–0.74]) were significantly lower with first‐line dronedarone versus ablation
(all p< 0.01). Dronedarone was associated with reduced mean PPPM costs for total HCRU (−$2603), any outpatient visits

(−$2401), and ATA/AF–related procedures (−$1880) versus ablation (all p< 0.01). In contrast to the primary analysis, sensi-

tivity analyses showed no significant difference in ERR for all‐cause inpatient or any outpatient visits, but dronedarone

remained associated with significantly lower mean PPPM total costs.

Conclusion: Over 24‐months' follow‐up in patients with AF, first‐line dronedarone was associated with comparable rates of

inpatient/outpatient visits, and lower total payer costs compared with an ablation‐based approach.

1 | Introduction

Atrial fibrillation (AF) is the most common sustained arrhythmia
in the United States and worldwide [1–3]. The prevalence of AF

in the United States is predicted to increase from approximately
5.2 million individuals in 2010 to ≥ 12.1 million in 2030 [4, 5].
Alongside this rising prevalence, AF is associated with substan-
tial health care resource utilization (HCRU) and has a significant
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associated cost burden owing largely to its chronic nature [6, 7].
Based on US public and private health insurer records
(1996–2016), HCRU costs associated with AF were estimated at
$28 billion [5, 7].

Rhythm control therapy with antiarrhythmic drugs (AADs)
or catheter ablation is recommended in the United States and
European guidelines for patients with AF to improve symp-
toms and this may reduce hospitalizations, stroke, and mor-
tality in patients with recently diagnosed AF (< 1 year)
[8–11]. In patients with AF and heart failure, rhythm control
may also be useful in reducing mortality and heart failure–
related hospitalizations [9]. Catheter ablation is supported as
a first‐line approach in selected patients [9], based on evi-
dence from studies such as the Catheter Ablation versus AAD
Therapy for AF (CABANA) trial [12], to improve symptoms
and reduce progression to persistent AF [9]. However, the
health economic impact of an AAD or ablation approach is
unclear [13].

With shared decision‐making, many patients may select AAD
therapy over the more invasive approach of ablation. Conse-
quently, a better understanding is needed of the real‐world
HCRU and cost implications of adopting first‐line AAD
therapy versus catheter ablation in patients recently diag-
nosed with AF. The appropriate AAD selection is based on the
safety of the AAD for a particular patient and depends on
comorbidities, presence or absence of underlying structural
heart disease, coronary heart disease, New York Heart Asso-
ciation (NYHA) class, or presence of recent heart failure
decompensation [9]. Studies of individual AADs are particu-
larly relevant because amiodarone (the most frequently used
AAD in the comparator group of CABANA) has been asso-
ciated with long‐term toxicity and higher cardiovascular (CV)
hospitalizations or death compared with rate control therapy
alone [14]. In this context, the current study sought to assess
all‐cause HCRU and associated payer costs in patients with
recently diagnosed AF (within 1 year) receiving a rhythm
control strategy of first‐line dronedarone therapy or first‐line
ablation in the real‐world setting.

2 | Methods

2.1 | Data Source

This retrospective, observational cohort study used data from
Optum's de‐identified Clinformatics Data Mart Database
(CDM) between January 1, 2012 and January 31, 2022
(Supporting Information S1: Figure 1). CDM is derived from a
database of administrative health claims for members of large
commercial and Medicare Advantage health plans. CDM
utilizes medical and pharmacy claims to derive patient‐level
enrollment information, health care costs, and resource uti-
lization information. The population is geographically
diverse, spanning all 50 states and is statistically de‐identified
under the Expert Determination method consistent with HI-
PAA and managed according to Optum's customer data use
agreements. CDM administrative claims submitted for pay-
ment by providers and pharmacies are verified, adjudicated
and de‐identified before inclusion.

2.2 | Study Design and Populations

Adults aged≥ 18 years with recently diagnosed AF between
January 1, 2013 and January 31, 2021 and no prior AAD
(amiodarone, sotalol, flecainide, propafenone, or dofetilide)
exposure were identified. AF diagnosis was defined by Inter-
national Classification of Diseases, Ninth/Tenth Revision, Clini-
cal Modification (ICD‐9/10‐CM) codes for AF (Supporting
Information S1: Table 1). Recent AF diagnosis was defined as
the presence of an AF diagnosis during the baseline period
spanning 365 days before index, with no AF diagnosis occurring
in all available data before the baseline period. Patients were
grouped by whether they subsequently received first‐line AAD
therapy with dronedarone (“index” was the date of incident
dronedarone prescription fill) or first‐line ablation (if they un-
derwent an ablation procedure or received AAD therapy other
than dronedarone followed by an ablation procedure within
90 days; “index” was the date of first recorded ablation proce-
dure or non‐dronedarone AAD prescription fill) (Supporting
Information S1: Figure 1). In the dronedarone cohort, patients
were required to have at least 2 dronedarone prescription fills
on separate days (with ≤ 30‐day gap between the first 2 pre-
scription fills), and could not receive an ablation procedure
within the first 90 days of therapy (to identify patients for whom
maintenance of sinus rhythm with dronedarone alone was the
aim of treatment, and for whom medication adherence was
reasonable). Requiring incident ablation or ablation preceded
by a brief trial of a single AAD was intended to capture patients
in the first‐line ablation cohort for whom ablation was the
intended treatment.

To better assess the robustness of results comparing strategies of
first‐line dronedarone versus first‐line ablation, two sensitivity
analyses were prespecified using modified comparator cohorts.
The first sensitivity analysis was carried out among patients with
≥ 365 days of continuous enrollment post‐index. A second sensi-
tivity analysis utilized a modified first‐line ablation cohort limited
to patients with no prior AAD exposure at index (i.e., no AAD
exposure in the 90 days preceding ablation). This second sensi-
tivity analysis was included because it was unclear if patients with
brief AAD exposure followed quickly by an ablation (as was
allowed in the first‐line ablation cohort within the primary anal-
ysis) could inadvertently bias the ablation cohort towards a higher‐
risk cohort that had “failed” initial AAD treatment.

Patients were excluded if they had < 730 days of continuous
medical and pharmacy coverage enrollment before and
including the index date or < 90 days of continuous enrollment
post‐index. Patients were also excluded if they had a diagnosis
of supraventricular tachycardia (before or at index) or history of
pacemaker, implantable cardioverter defibrillator, or cardiac
resynchronization therapy with defibrillator insertion during
the baseline period. Patients could not receive any AAD or
ablation procedure before index. In the first‐line dronedarone
cohort, any patient who underwent an ablation procedure and/
or had a non‐dronedarone AAD prescription fill on or within
90 days following the index dronedarone prescription fill were
excluded. In the first‐line ablation cohort, patients with ≥ 1
additional non‐dronedarone AAD prescription fill within
90 days of index non‐dronedarone prescription fill were also
excluded.
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2.3 | Study Measures

2.3.1 | Baseline Variables

Patient demographics were extracted at index. Clinical co-
morbidities and selected medications, including anticoagulants,
rate control medications, and antihypertensives, were examined
during the baseline period (Supporting Information S1:
Table 2). CHA2DS2‐VASc and Charlson Comorbidity Index
(CCI) scores were calculated during the baseline period and
categorized as continuous or categorical (CHA2DS2‐VASc: low
risk [score 0], intermediate risk [score 1], or high risk [scores
2–9]; CCI: 0, 1–2, 3–4, and ≥ 5), as described previously [15, 16].
Additional covariates adjusted for in the propensity score
matching (PSM) are described below.

2.3.2 | Outcomes

All patients were followed for a minimum of 90 days and
maximum of 24 months from index. Patients were censored at
the earliest occurrence of the following: end of medical and/or
pharmacy enrollment, end of the study period, end of follow‐up
observation period, or death. All‐cause HCRU comprising in-
patient hospital stays and any outpatient visits (including phy-
sician office visits or emergency room [ER] visits), any atrial
tachyarrhythmia (ATA)/AF–related procedures and repeat
catheter ablation (identified as described in Supporting Infor-
mation S1: Table 2) during follow‐up were reported as annu-
alized event rates per 1000 person‐years. Cumulative incidences
for all‐cause hospitalization, CV‐related hospitalization, ATA/
AF–related hospitalization, and repeat catheter ablation were
assessed over a maximum of 24 months follow‐up based on
ICD‐9/10‐CM and additional facility codes (Supporting Infor-
mation S1: Table 2). CV‐related hospitalization was defined as
an inpatient visit (hospital stay) with an ICD‐9/10‐CM diagnosis
code for ATA (including AF), heart failure, acute coronary
syndrome, stroke‐related conditions, and/or proarrhythmia (in
the primary position). ATA/AF–related procedures were based
on ≥ 1 of the following services: ablation, repeat catheter abla-
tion, or cardioversion; implantable cardioverter defibrillator or
cardiac resynchronization therapy with defibrillator insertion,
or pacemaker implantation; and screening and monitoring
procedures (eg, electrocardiogram, stress tests, implantable loop
recorder, and other heart rhythm–monitoring procedures). An
ablation (or repeat ablation) event was captured by any in-
patient or ambulatory encounter using Current Procedural
Terminology codes (Supporting Information S1: Table 2). In the
ablation cohort, a repeat ablation was defined as any ablation
procedure recorded on or after the index ablation. In the first‐
line dronedarone cohort, patients had to first undergo an initial
ablation during follow‐up followed by a second ablation to
record a repeat ablation.

2.3.3 | PSM

Patients in the first‐line dronedarone cohort were matched (1:1) to
patients in the first‐line ablation cohort (Supporting Information S1:
Table 3). The propensity score model was adjusted for prespecified
covariates, including select demographic characteristics (age, sex,

region, payer type, health plan type, and year of index date),
baseline clinical characteristics including CHA2DS2‐VASc clinical
score components (congestive heart failure, hypertension, diabetes,
prior stroke/transient ischemic attack/thromboembolism, and vas-
cular disease [15]), additional CCI score components (dementia,
chronic pulmonary disease, mild liver disease, moderate/severe li-
ver disease, rheumatic disease, renal disease, peptic ulcer disease,
any malignancy, metastatic solid tumor, HIV/AIDS, and paraple-
gia/hemiplegia [16]), obstructive sleep apnea, pulmonary hyper-
tension, mitral stenosis, obesity, time from first AF diagnosis to
index, time from start of all available data to index, atrial flutter
during baseline, use of baseline therapy (i.e., cardioversion, direct‐
acting oral anticoagulants, warfarin, P2Y12 agents, rate control
medications, antihypertensives, and digoxin) and baseline all‐cause
HCRU (inpatient days, any outpatient visits, ER visits).

All covariates were measured before initiation of exposure to
avoid adjustment for potential mediators of the exposure‐
outcome relationships under investigation [17]. Missing
indicator variables were generated to capture missing or
unknown values for any covariates to maximize patient
inclusion. Model fit diagnostics were included to assess the
absolute standardized difference (ASD) between cohorts for
each matching factor. A covariate was considered balanced
after PSM if it had an ASD ≤ 0.1 (10%) between cohorts [15].
For the first‐line dronedarone and first‐line ablation cohorts
to be considered comparable after PSM, 90% of the covariates
included within the propensity score model were required to
have an ASD ≤ 0.1.

2.4 | Statistical Analysis

Descriptive analyses of each HCRU outcome were reported for
PSM cohorts and presented as n (%) for frequencies of patients
with ≥ 1 HCRU event and mean ± SD for per‐patient count of
total HCRU events. Categorical and continuous HCRU were
compared between cohorts following PSM using the McNemar
test [18] and paired t tests, respectively. Missing data was
quantified in terms of the number of unique patients with
missing data and was not imputed. Patients with missing data
were assigned to unknown categories; means and medians only
included patients with ≥ 1 record for the characteristic. Poisson
regression models were used to estimate PSM–adjusted event
rate ratios (ERRs) and 95% CI for HCRU count outcomes at
24 months of follow‐up.

Time to HCRU in PSM first‐line dronedarone and ablation
cohorts for all‐cause hospitalization, CV‐related hospitalization,
ATA/AF–related hospitalization, and repeat catheter ablation
outcomes were compared by generating Kaplan‐Meier time‐to‐
first recorded HCRU survival curves over a 24‐month follow‐up.
Log‐rank tests were used to analyze differences between inci-
dence survival curves for first‐line dronedarone and ablation
cohorts.

All‐cause direct payer costs (mean, median) per‐patient per‐
month (PPPM) were calculated on adjudicated claims starting
at index as total payer costs incurred by a patient within a
given follow‐up period divided by the total months of follow‐
up for that patient. Payer‐paid portions were calculated by
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subtracting the patient cost (coinsurance plus copay plus
deductible) from the standard cost per year in CDM for ser-
vices incurred over the entirety of the HCRU event.
Total months of observation time were calculated as days of
post‐index follow‐up divided by 30. Total costs were calcu-
lated as the sum of inpatient and outpatient payer costs and
were reported as PPPM costs. Generalized linear models were
used to compare PPPM payer cost outcomes over 24 months
of follow‐up between first‐line dronedarone and ablation
cohorts. Generalized linear models were specified using a
zero‐inflated negative binomial distribution or a negative
binomial distribution and log link, as appropriate. All costs
were adjusted to 2020 US dollars using inflation factors pro-
vided by CDM to allow direct comparison of costs between
different years. Patients were rematched for each sensitivity
analysis using the same PSM approach described for the
24‐month primary analysis. All analyses were conducted
using the previously validated Aetion Evidence Platform
(version R4.54.0.20220628) and R, version 3.4.2 [19]. No ad-
justments for multiple comparisons were conducted.

3 | Results

3.1 | Study Population and Characteristics

Among 73 756 patients who recently initiated rhythm control
therapy with dronedarone or had undergone an ablation within
90 days of initiating an AAD other than dronedarone, 6156 met
eligibility criteria (first‐line dronedarone n= 2042; first‐line
ablation n= 4114) (Figure 1).

After PSM, the first‐line dronedarone (n= 1440) and first‐line
ablation (n= 1440) cohorts were well balanced according to
prespecified criteria (Table 1). Patients in the first‐line drone-
darone and first‐line ablation cohorts were 68.4 and 68.1 years
old at index, respectively, and were more commonly male
(dronedarone: 57.7%, ablation: 57.0%). For both cohorts, the
mean CCI score was 2.3. Mean CHA2DS2‐VASc score was 3.4 in
the first‐line dronedarone cohort and 3.3 in the first‐line abla-
tion cohort. Approximately 23% of each cohort had a history of
heart failure (dronedarone: 23.6%, ablation: 23.1%).

FIGURE 1 | Study cohort selection flow diagram. AAD, antiarrhythmic drug; AF, atrial fibrillation; CRT‐D, cardiac resynchronization therapy

with defibrillator; ICD, implantable cardioverter defibrillator.
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TABLE 1 | Select baselinea demographics, characteristics, HCRU, and procedures for patients with AF before and after PSM for first‐line
dronedarone and first‐line ablation cohorts.

Unmatched cohort PSM cohort

First‐line
dronedarone
(n= 2042)

First‐line
ablation
(n= 4114) ASD

First‐line
dronedarone
(n= 1440)

First‐line
ablation
(n= 1440) ASDb

Age at index,c years, mean ± SD 70.2 ± 10.6 65.7 ± 10.6 0.43 68.4 ± 10.7 68.1 ± 9.4 0.03

Age group at index date,c n (%) 0.48 0.21

18–26 n≤ 5 10 (0.2) n≤ 5 n≤ 5

27–44 32 (1.6) 156 (3.8) 32 (2.2) 28 (1.9)

45–54 150 (7.3) 439 (10.7) 131 (9.1) 94 (6.5)

55–64 353 (17.3) 1024 (24.9) 287 (19.9) 313 (21.7)

65–74 727 (35.6) 1688 (41.0) 549 (38.1) 630 (43.8)

75–84 656 (32.1) 754 (18.3) 386 (26.8) 354 (24.6)

Sex, n (%)c 0.29 0.01

Male 1072 (52.5) 2729 (66.3) 831 (57.7) 821 (57.0)

Female 970 (47.5) 1385 (33.7) 609 (42.3) 619 (43.0)

Region, n (%)c 0.18 0.03

Midwest 403 (19.7) 1007 (24.5) 306 (21.3) 304 (21.1)

South 1005 (49.2) 1757 (42.7) 667 (46.3) 679 (47.2)

West 391 (19.1) 923 (22.4) 301 (20.9) 298 (20.7)

Northeast 241 (11.8) 409 (9.9) 164 (11.4) 156 (10.8)

Other/Unknown 2 (0.1) 18 (0.4) 2 (0.1) 3 (0.2)

Payer, n (%)c 0.22 0.02

Commercial 664 (32.5) 1774 (43.1) 513 (35.6) 529 (36.7)

Medicare Advantage 1378 (67.5) 2340 (56.9) 927 (64.4) 911 (63.3)

Time from AF diagnosis to index
date, days,c mean ± SD

67.0 ± 88.7 115.8 ± 95.9 0.53 80.2 ± 96.5 84.6 ± 78.0 0.05

Baseline comorbiditiesa

CHA2DS2‐VASc score,c,d

mean ± SD
3.6 ± 1.8 3.0 ± 1.8 0.33 3.4 ± 1.8 3.3 ± 1.8 0.03

CHA2DS2‐VASc category,c,d n (%) 0.27 0.08

Low risk (score: 0) 53 (2.6) 313 (7.6) 49 (3.4) 68 (4.7)

Intermediate risk (score: 1) 222 (10.9) 617 (15.0) 188 (13.1) 169 (11.7)

High risk (score: 2–9) 1767 (86.5) 3184 (77.4) 1203 (83.5) 1203 (83.5)

CCI,c,d mean ± SD 2.5 ± 2.3 2.1 ± 2.1 0.19 2.3 ± 2.2 2.3 ± 2.2 0.03

CCI category,c,d n (%) 0.18 0.07

0 415 (20.3) 1093 (26.6) 329 (22.8) 371 (25.8)

1–2 787 (38.5) 1623 (39.5) 577 (40.1) 542 (37.6)

3–4 457 (22.4) 820 (19.9) 305 (21.2) 293 (20.3)

≥ 5 383 (18.8) 578 (14.0) 229 (15.9) 234 (16.3)

History of comorbidities, n (%)

Hypertensionc 1745 (85.5) 3195 (77.7) 0.20 1193 (82.8) 1186 (82.4) 0.01

CAD 1601 (78.4) 3049 (74.1) 0.10 1064 (73.9) 1115 (77.4) 0.08

Vascular diseasec 684 (33.5) 1519 (36.9) 0.07 490 (34.0) 485 (33.7) 0.01

Obesityc 608 (29.8) 1495 (36.3) 0.14 482 (33.5) 471 (32.7) 0.02

(Continues)
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After PSM, the majority of patients in the first‐line dronedarone
and first‐line ablation cohorts had been prescribed rate control
medications (76.4% vs. 76.1%, respectively) and/or anti-
hypertensives (62.6% vs. 60.7%, respectively), during the 1‐year
baseline period (Table 2). Overall, 38.3% of the first‐line ablation
cohort (n= 552) filled a non‐dronedarone AAD prescription in
the 90 days before the ablation procedure, most commonly
amiodarone (n= 246 [17.1%]) (Table 2).

4 | HCRU

Median follow‐up time was 731 days (interquartile range: 493–731)
in the first‐line dronedarone cohort and 731 days [495–731] in the
first‐line ablation cohort. In the 90 days post‐index, 789 (54.8%)

patients in the first‐line ablation cohort had filled a non‐
dronedarone AAD prescription (Supporting Information S1:
Table 4). At 24 months of follow‐up, event rates (per 1000 person‐
years) were consistently lower with first‐line dronedarone versus
ablation including for inpatient visits (0.85 [95% CI: 0.77–0.93]), any
outpatient visits (0.95 [0.94–0.96]), including for physician office
visits (0.96 [0.95–0.98]) and ER visits (0.91 [0.85–0.97]), and any
ATA/AF–related procedures (0.72 [0.71–0.74]) (p<0.01 for all;
Figure 2). Cumulative incidence for time‐to‐first event was also
lower with first‐line dronedarone compared with first‐line ablation
for all‐cause hospitalizations, CV‐related hospitalizations, ATA/
AF–related hospitalizations, and repeat catheter ablation (all
p<0.01; Figure 3). Over the 24‐month follow‐up, 11.6% (n=167) of
the first‐line ablation cohort and 1.4% (n=20) of the dronedarone
cohort underwent a repeat ablation procedure.

TABLE 1 | (Continued)

Unmatched cohort PSM cohort

First‐line
dronedarone
(n= 2042)

First‐line
ablation
(n= 4114) ASD

First‐line
dronedarone
(n= 1440)

First‐line
ablation
(n= 1440) ASDb

Diabetesc 637 (31.2) 1068 (26.0) 0.12 436 (30.3) 420 (29.2) 0.02

Heart failurec 464 (22.7) 1147 (27.9) 0.12 340 (23.6) 332 (23.1) 0.01

Hypothyroidism 495 (24.2) 781 (19.0) 0.13 332 (23.1) 308 (21.4) 0.04

Obstructive sleep apneac 384 (18.8) 1121 (27.2) 0.20 319 (22.2) 314 (21.8) 0.01

CKD 488 (23.9) 808 (19.6) 0.10 298 (20.7) 297 (20.6) 0.00

COPD 413 (20.2) 531 (12.9) 0.20 250 (17.4) 223 (15.5) 0.05

Stroke, TIA, or TEc 305 (14.9) 399 (9.7) 0.16 169 (11.7) 170 (11.8) 0.00

Peripheral artery disease 214 (10.5) 266 (6.5) 0.15 140 (9.7) 94 (6.5) 0.12

Myocardial infarction 145 (7.1) 231 (5.6) 0.06 92 (6.4) 92 (6.4) 0.00

Pulmonary hypertensionc 135 (6.6) 261 (6.3) 0.01 90 (6.3) 90 (6.3) 0.00

Venous thromboembolism 104 (5.1) 120 (2.9) 0.11 61 (4.2) 49 (3.4) 0.04

Hyperthyroidism 57 (2.8) 60 (1.5) 0.09 37 (2.6) 22 (1.5) 0.07

Mitral stenosisc 18 (0.9) 35 (0.9) 0.00 12 (0.8) 17 (1.2) 0.04

Baseline proceduresa

Cardioversion,c n (%) 432 (21.2) 1652 (40.2) 0.42 383 (26.6) 394 (27.4) 0.02

ATA screening and monitoring, n (%) 2020 (98.9) 4104 (99.8) 0.10 1427 (99.1) 1437 (99.8) 0.09

HCRU and costs

Inpatient days,c mean ± SD 3.8 ± 7.4 2.6 ± 4.9 0.20 2.8 ± 5.7 2.9 ± 5.7 0.01

Any outpatient visits,c mean ± SD 24.0 ± 22.4 24.3 ± 19.5 0.01 23.9 ± 21.9 24.5 ± 19.1 0.03

Outpatient—physician office visits,c

mean±SD
9.8 ± 7.1 10.3 ± 6.5 0.07 10.1 ± 7.3 10.1 ± 6.3 0.01

Outpatient—ER visits,c mean ± SD 1.3 ± 1.9 1.1 ± 1.5 0.13 1.2 ± 1.7 1.2 ± 1.7 0.02

Total medical and prescription
payer costs,e$

33 528 ± 55 169 29 928 ± 44 2-
94

0.07 31 411 ± 52 341 30 238 ±
51 718

0.02

Note: Sample counts less than n= 5 have been redacted to protect patient anonymity.
Abbreviations: AF, atrial fibrillation; ASD, absolute standardized difference; ATA, atrial tachyarrhythmia; CAD, coronary artery disease; CCI, Charlson Comorbidity
Index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HCRU, health care resource utilization; PSM, propensity score matching; TE,
thromboembolism; TIA, transient ischemic attack.
aDemographic characteristics were assessed at index, baseline comorbidities and procedures were assessed during the baseline period, defined as 365 days before index;
bA covariate was considered balanced after PSM if an ASD was ≤ 0.1 (10%) between cohorts;
cIncluded in the propensity score model;
dCHA2DS2‐VASc and CCI scores calculated during baseline period were both categorical and continuous. For PSM, patients were matched on individual components,
and not on the scores themselves;
eAll costs were adjusted to 2020$ using the Standard Cost Amount field and Optum's Cost Factors so costs during the study period could be directly compared. Total
costs were calculated as the sum of inpatient payer costs and any outpatient visit payer costs.
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TABLE 2 | Medications filled during the baseline period for the unmatched and PSM cohorts of patients with AF treated with first‐line
dronedarone or first‐line ablation.

Medication

Unmatched cohort PSM cohort

First‐line
dronedarone
(n= 2042)

First‐line
ablation
(n= 4114) ASD

First‐line
dronedarone
(n= 1440)

First‐line
ablation
(n= 1440) ASDb

AAD filled during baseline perioda

DOACsa

Apixaban, n (%) 518 (25.4) 1566 (38.1) 0.28 469 (32.6) 434 (30.1) 0.05

Daily dose, mean ± SD 9.5 ± 1.4 9.8 ± 0.9 0.24 9.6 ± 1.3 9.8 ± 1.1 0.12

Rivaroxaban, n (%) 292 (14.3) 763 (18.5) 0.12 234 (16.3) 242 (16.8) 0.02

Daily dose, mean ± SD 19.0 ± 3.0 19.7 ± 1.8 0.25 19.1 ± 2.9 19.7 ± 1.7 0.24

Dabigatran, n (%) 49 (2.4) 94 (2.3) 0.01 37 (2.6) 39 (2.7) 0.01

Daily dose, mean ± SD 293.5 ± 30.0 288.1 ± 43.7 0.14 291.4 ± 34.4 284.5 ± 48.7 0.16

Edoxaban, n (%) n≤ 5 0 0.04 n≤ 5 0 0.05

Daily dose, mean ± SD 60.0 ± 0.0 — — 60.0 ± 0.0 — —

Any DOAC; n (%)c 844 (41.3) 2355 (57.2) 0.32 726 (50.4) 699 (48.5) 0.04

Warfarin, n (%)a,c 192 (9.4) 293 (7.1) 0.08 128 (8.9) 136 (9.4) 0.02

Daily dose, mean ± SD 5.1 ± 1.9 5.0 ± 2.0 0.03 5.3 ± 2.0 4.9 ± 1.7 0.18

Digoxin, n (%)a,c 111 (5.4) 250 (6.1) 0.03 87 (6.0) 79 (5.5) 0.02

P2Y12 agent, n (%)a,c 232 (11.4) 286 (7.0) 0.15 124 (8.6) 126 (8.8) 0.01

Antihypertensives, n (%)a,c

ACE inhibitors 641 (31.4) 1095 (26.6) 0.11 423 (29.4) 434 (30.1) 0.02

ARB 557 (27.3) 909 (22.1) 0.12 379 (26.3) 372 (25.8) 0.01

Aldosterone 78 (3.8) 167 (4.1) 0.01 60 (4.2) 52 (3.6) 0.03

Diuretics 888 (43.5) 1403 (34.1) 0.19 610 (42.4) 583 (40.5) 0.04

Any antihypertensive 1346 (65.9) 2169 (52.7) 0.27 901 (62.6) 874 (60.7) 0.04

Rate control medications, n (%)a,c

Beta‐blockers 1295 (63.4) 2544 (61.8) 0.03 918 (63.7) 922 (64.0) 0.01

CCBs

Non‐DHP CCBs 382 (18.7) 879 (21.4) 0.07 281 (19.5) 313 (21.7) 0.06

DHP‐CCBs 511 (25.0) 706 (17.2) 0.19 348 (24.2) 297 (20.6) 0.09

Any rate control medication 1563 (76.5) 2970 (72.2) 0.10 1100 (76.4) 1096 (76.1) 0.01

AAD filled during index (ablation cohort only)

Amiodarone, n (%) — 693 (16.8) — 246 (17.1)

Daily dose of index fill, mean ± SD — 441.0 ± 261.3 — 445.3 ± 276.4

Sotalol, n (%) — 174 (4.2) — 73 (5.1)

Daily dose of index fill, mean ± SD — 165.7 ± 55.9 — 161.1 ± 57.7

Flecainide, n (%) — 402 (9.8) — 153 (10.6)

Daily dose of index fill, mean ± SD — 151.1 ± 60.3 — 145.2 ± 54.6

Propafenone, n (%) — 89 (2.2) — 51 (3.5)

Daily dose of index fill, mean ± SD — 466.8 ± 121.4 — 466.2 ± 112.9

Dofetilide, n (%) — 70 (1.7) — 29 (2.0)

Daily dose of index fill, mean ± SD — 785.5 ± 256.6 — 689.2 ± 264.7

Any AAD, n (%) — 1428 (34.7) — 552 (38.3)

Note: Sample counts less than n= 5 have been redacted to protect patient anonymity.
Abbreviations: AAD, antiarrhythmic drug; ACE, angiotensin converting enzyme; AF, atrial fibrillation; ARB, angiotensin receptor blocker; ASD, absolute standardized
difference; CCB, calcium channel blocker; DHP, dihydropyridine; DOAC, direct‐acting oral anticoagulant; PSM, propensity score matching.
aThe baseline period was 365 days before index.
bA covariate was considered balanced after PSM if an ASD was ≤0.1 (10%) between cohorts.
cIncluded in the propensity score model (all variables are given in Supporting Information S1: Table 3).
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4.1 | Payer Costs

Total medical and prescription/payer costs during the baseline
period were (mean ± SD) $31 411 ± 52 340 in the first‐line dro-
nedarone cohort versus $30 238 ± 51 718 in the ablation cohort.
Mean PPPM payer costs were generally lower with first‐line
dronedarone compared with first‐line ablation at 24 months
follow‐up (Figure 4). More specifically, total PPPM costs were
$2603 lower with first‐line dronedarone, as were PPPM costs
associated with any outpatient visits (−$2401) and ATA/
AF–related procedures (−$1880) versus ablation cohort (all
p< 0.01) (Figure 4).

4.2 | Sensitivity Analysis of Patients With
≥ 12‐month Follow‐Up

In a sensitivity analysis of patients with ≥ 12 months of con-
tinuous post‐index enrollment (n= 1212 per cohort), observa-
tions were generally similar to the primary findings over the
24‐month follow‐up for HCRU (Supporting Information S1:
Table 5) and PPPM costs (Supporting Information S1: Table 6).
More specifically, first‐line dronedarone was associated with
lower ERR for any inpatient and any outpatient, including
physician office or ER visit (all p< 0.01; Supporting Information
S1: Table 5), compared with first‐line ablation. First‐line dro-
nedarone was associated with lower mean PPPM total costs
versus ablation, and lower costs for outpatient and outpatient
physician office visits (p< 0.01; Supporting Information S1:
Table 6).

4.3 | Sensitivity Analysis Defining First‐Line
Ablation as Indexing on Ablation Only

After PSM, 1120 first‐line ablation patients underwent an abla-
tion procedure without prescription for any AAD in the pre-
ceding 90 days. In both cohorts, mean age was 68.2 years and
mean baseline CHA2DS2‐VASc score was 3.3; 83.6% of drone-
darone and 82.7% of ablation‐only patients were in the “high
risk” category (Supporting Information S1: Table 7). In contrast
to the primary analysis, there was no difference between cohorts
in the PSM–adjusted ERR for inpatient visits (ERR: 0.96 [95% CI:
0.86–1.08]; p= 0.52) or any outpatient visits (ERR: 1.00
[0.99–1.02]; p= 0.63) (Supporting Information S1: Table 8). The
rate of all‐cause ER visits was 8% lower for first‐line dronedarone
versus first‐line ablation patients indexing on ablation only (ERR:
0.92 [0.85–1.00]; p= 0.04). However, first‐line dronedarone pa-
tients had a 3% higher rate of physician office visits than patients
indexing on ablation alone (ERR: 1.03 [1.01–1.05]; p< 0.01). For
HCRU–associated payer costs, results were comparable with the
primary analysis (Supporting Information S1: Table 9); mean
PPPM total costs were lower for first‐line dronedarone than for
first‐line ablation alone ($2968 vs. $5070, respectively). This
resulted in an incremental total increase of +$2102 PPPM with
first‐line ablation alone versus first‐line dronedarone.

5 | Discussion

In this analysis of recently diagnosed patients with AF in
United States clinical practice, dronedarone was associated with

FIGURE 2 | HCRU event rates and event rate ratios (95% CI) for patients with AF treated with first‐line dronedarone versus first‐line
ablation at 24 months of follow‐up.a aMedian follow‐up was 731 days in both first‐line dronedarone and ablation cohorts. bPoisson regression

models were used to estimate PSM‐adjusted event rates ratios and 95% CIs for HCRU count outcomes. cAll‐cause HCRU includes inpatient

visits (hospital stay) and any outpatient visits (including outpatient physician office and ER visits). dIn the ablation cohort, a repeat ablation

was defined as any ablation event recorded on or after index. In the dronedarone cohort, patients underwent ≥ 2 ablation procedures

(as defined in the Methods). AF, atrial fibrillation; ATA, atrial tachyarrhythmia; ER, emergency room; HCRU, health care resource utili-

zation; PSM, propensity score matching.
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lower HCRU and lower total payer costs during 24 months of
follow‐up compared with patients who underwent catheter
ablation as part of a first‐line rhythm control strategy. The
cumulative incidence for all‐cause, CV‐related, and ATA/
AF–related hospitalizations was significantly lower in patients
treated with dronedarone versus an ablation strategy, and event
rates for inpatient visits, outpatient visits, and ATA/AF–related
procedures were consistently lower. In contrast to the primary
analysis, prespecified sensitivity analysis comparing patients
who received an ablation without any pre‐ablation AAD ex-
posure, dronedarone was not associated with a significant
reduction in event rate for all‐cause inpatient visits or any
outpatient visits. Dronedarone was associated with a small
increase in rate of outpatient physician office visits. However,
dronedarone remained associated with significantly lower mean
total payer costs compared with patients who received an
ablation without any pre‐ablation AAD exposure.

Efficacy studies have demonstrated the benefits of early rhythm
control therapy for patients with recently diagnosed AF [20–22].

With catheter ablation being increasingly used (either alone or
in combination with AADs) [8–10], the comparative HCRU and
cost implications of achieving rhythm control based on an AAD
or ablation strategy is of interest. The reduced rates of hospi-
talization associated with first‐line dronedarone in our primary
analysis contrast with results from a prior meta‐analysis in
which hospitalizations were 68% lower with an ablation
approach compared with AADs as first‐line therapy for AF
(5.6% vs. 18.7%; p< 0.001) [23]. However, direct comparison
with the meta‐analysis may not be appropriate because it
included studies published from 2005 onwards, and may not
therefore reflect current clinical practice [24], and because most
patients in the comparator arms of the trials received non‐
dronedarone AADs [25–27].

In our cost analysis, compared with ablation, first‐line drone-
darone was consistently associated with a significant reduction
in total payer costs in recently diagnosed patients with AF over
the follow‐up period. While differences in costs were most
pronounced immediately after index, total payer costs remained

FIGURE 3 | Cumulative incidence time‐to‐event over 24 months of follow‐up: (A) all‐cause hospitalization visits; (B) CV‐related hospitalizations;

(C) ATA/AF–hospitalizations; (D) underwent≥ 2 ablation procedures (repeat catheter ablationa). aIn the ablation cohort, a repeat ablation was

defined as any ablation event recorded on or after index. In the dronedarone cohort, patients underwent ≥ 2 ablation procedures (as defined in the

Methods). AF, atrial fibrillation; ATA, atrial tachyarrhythmia; CV, cardiovascular.
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significantly lower with dronedarone at 12 and 24 months. By
capturing events and payer costs associated with index en-
counters, this study provides insights about health care
resources in routine clinical practice. Some post‐index costs
may relate to the required clinical supervision during admin-
istration of non‐dronedarone AADs. In addition, catheter
ablation is increasingly being carried out in the outpatient set-
ting, with associated reductions in costs compared with in-
patient procedures [13, 28]. From the US‐payer perspective, a
study comparing PPPM costs for dronedarone versus ablation or
rate control medications with ablation found a cost savings for
dronedarone over the 5‐year horizon [29]. Conversely, other
cost‐effectiveness models suggested economic benefits for first‐
line ablation over AAD therapy in terms of cost per quality‐
adjusted life‐years gained, as the cost advantage for AADs
reportedly lessens over 5 years of follow‐up [13, 28]. However,
neither of these studies specifically assessed the cost‐
effectiveness of dronedarone versus ablation, and use substan-
tially different methodologies compared with the present study
(the Reynolds et al 2009 study reported estimates from a 5‐year
model; the Chew et al 2022 study assessed a lifetime model).
Additionally, cost advantages of ablation should also consider
the high rates of repeat ablation procedures, which can be up to
50% of the population over 5 years [30], with some patients
going on to have ≥ 4 ablation procedures [31]. These patients
are frequently underestimated or not captured in clinical trials
assessing ablation, which often consider only the initial ablation
procedure and costs. In our study, median follow‐up in both
cohorts was 731 days, providing sufficient follow‐up for cost
analyses to account for the skew in procedural outlay in the
ablation cohort being encountered closer to index. Nevertheless,
longer studies may be needed to determine economic outcomes,
particularly in patients who require repeat (or multiple) ablation
procedures and those who receive AADs after ablation [32, 33],

to fully understand the long‐term cost implications of each
approach. It is important to note that 54.8% of patients received
AADs post‐ablation in this study, many of whom remained on
AADs even after the 3‐month post‐index period. This 3‐month
period would coincide with physicians prescribing during an
empiric “blanking period” peri‐ or post‐ablation. Over the entire
24‐month follow‐up period, 58% of patients in the first‐line
ablation cohort were prescribed an AAD (at some point)
(Supporting Information S1: Table 4). This is in line with studies
reporting that up to 51% of patients receive AADs following an
ablation, and that a first‐line ablation strategy does not reliably
obviate the need for the downstream AAD use [30, 34–36].
Therefore, the addition of long‐term AAD therapy following
ablation procedure(s) would also drive up costs in the ablation
group over time. These observations suggest that a “hybrid”
approach of ablation plus AAD therapy may be utilized in real‐
world practice for many patients.

In our study, treatment cohorts were designed to compare
HCRU of first‐line rhythm control treatment pathways. The
ablation cohort included patients who initiated rhythm control
therapy with an ablation procedure or with a non‐dronedarone
AAD followed by ablation within 90 days, to capture a scenario
in which clinicians provide a brief trial of a single AAD in
accordance with contemporary guidelines at that time [37, 38],
before progressing to ablation. Although more contemporary
guidelines are now available [9], during our study period, short‐
term AAD therapy was often used in patients for symptomatic
relief while awaiting procedural scheduling. This design also
captured a scenario where physicians may use an AAD for a
short period to “quiet down” AF before an intended ablation.
Although it is possible that some patients within this cohort had
“failed” on their AAD and subsequently progressed to an
ablation, such treatment decisions would not be captured.

FIGURE 4 | Annualized HCRU–associated PPPM costs for patients with AF treated with first‐line dronedarone versus first‐line ablation at

24 months of follow‐up. aMean total HCRU costs were calculated as the sum of inpatient payer costs and any outpatient visit payer costs (which

included outpatient physician office visits and any ER visits). AF, atrial fibrillation; ATA, atrial tachyarrhythmia; CA, catheter ablation;

CV, cardiovascular; ER, emergency room; HCRU, health care resource utilization; PPPM, per‐patient per‐month.
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Accordingly, we prespecified a sensitivity analysis limiting the
first‐line ablation cohort to only patients who indexed on an
ablation procedure without any prior AAD exposure in the
preceding 90 days. In this sensitivity analysis, there was gen-
erally no difference in the rate of HCRU between dronedarone
and first‐line ablation‐alone patients having received no prior
AAD therapy, although rate of all‐cause ER visits was 8% lower
for dronedarone versus first‐line ablation‐only patients.

5.1 | Limitations

Limitations of this study should be noted. First, this study using
the CDM may be considered geographically representative of
the overall insured US population, but the generalizability to a
wider population outside of the US or noninsured US in-
dividuals cannot be assumed. This study evaluated data over a
10‐year period, during which clinical practice guidelines,
interventions, and ablation technology may have appreciably
changed; however, index year was considered as a variable in
our PSM model to attempt to mitigate this. Moreover, as with
any claims‐based analysis, this study is limited by the accuracy
of the electronic records. Second, all prescription claims are
considered “filled” but may not have been taken, which would
be more likely to impact the dronedarone cohort than the
ablation cohort. Third, the type of ablation procedure is not
recorded in the claims record, and therefore not available for
analysis. Similarly, the ICD coding language used cannot reli-
ably distinguish between paroxysmal and persistent AF sub-
types; in previous studies, a high proportion of patients were
reported to have codes for paroxysmal AF before and after codes
for persistent AF [39]. Future studies may assess differences in
HCRU and costs between these AF subtypes. Fourth, an
immortal time bias may have been introduced by requiring
patients to have a minimum period of treatment for entry into
the cohort (e.g., ≥ 2 dronedarone prescription fills and ablation
within 90 days of initiating non‐dronedarone AAD therapy in
the first‐line ablation cohort). Patients who survived and con-
tinued rhythm control therapy for this immortal time period
may not be representative of all patients who initiated incident
rhythm control treatment with the study exposures. However,
utilization of a 90‐day period for defining cohorts was applied
consistently to both treatment cohorts, and thus may be an
unlikely driver of any between‐group differences. Lastly,
although cohorts were well‐matched on prespecified variables,
observational analyses cannot prove causality and residual or
unmeasured confounding may remain. For example, the deci-
sion to initiate patients on dronedarone versus another AAD or
first‐line ablation is partially dependent on patient or provider
preference (and on the prior experiences and knowledge of
current guidelines of the provider), including patient preference
for undergoing an ablation surgery, which cannot be measured
within claims data. Some patients will not be candidates for
ablation, which may also introduce bias if higher‐risk patients
were more likely to receive AAD therapy than an ablation. In
addition, some patients may not wish to take AADs; these
inherent variabilities are present within observational studies of
large patient populations, where patient preferences are natu-
rally present and usually unaccounted for. While follow‐up was
≥24 months (median 731 days), it is possible that patients in the
dronedarone cohort may have subsequently undergone ablation

after the follow‐up period and that more patients in the ablation
cohort may have subsequently received additional ablation
procedures or initiated AAD therapy, all of which may impact
on longer‐term costs, reflecting real‐life clinical practice.
Finally, other factors, including symptoms, quality of life, and
patient values and preferences, are not included in the current
analysis but are likely to influence therapeutic choices.

6 | Conclusion

In patients with recently diagnosed AF managed in routine
clinical practice in the US, across primary and sensitivity
analyses, first‐line dronedarone was associated with similar or
lower rates of any inpatient or outpatient visits, and lower total
payer costs, over 24 months of follow‐up compared with pa-
tients who underwent first‐line catheter ablation as part of a
rhythm control strategy. Using administrative claims data from
a large payer database, this real‐world study highlights the
potential HCRU and economic benefits of first‐line dronedar-
one therapy as initial rhythm control therapy for AF. These
hypothesis‐generating observations require validation in ran-
domized controlled trials of patients with recently diag-
nosed AF.
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