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Abstract

Background: Catheter ablation is an effective treatment for patients with atrial
fibrillation (AF) and heart failure (HF). However, little is known about how health-
care utilization and cost change after ablation in this population. We sought to
determine healthcare utilization and cost patterns among patients with AF and HF
undergoing ablation.

Methods: Using a large United States administrative database, we identified
(n=1568) treated with ablation with a primary and secondary diagnosis of AF
and HF, respectively, were evaluated 1-year pre- and postablation for outcomes
including inpatient admissions (AF or HF), emergency department (ED) visits,
cardioversions, length of stay (LOS), and cost. A secondary analysis was extended to
3-years postablation.

Results: Reductions were observed in AF-related admissions (64%), LOS (65%),
cardioversions (52%), ED visits (51%, all values, p <.0001), and HF-related admis-
sions (22%, p = .01). There was a 40% reduction in inpatient admission cost ($4165
preablation to $2510 postablation, p <.0001). In a sensitivity analysis excluding
repeat-ablation patients, a greater reduction in overall AF management cost was
observed compared to the full cohort (-43% vs. -2%). Comparing 1-year pre- to
3-years postablation, both total mean AF-management cost ($850 per-patient
per-month 1-year pre- to $546 3-years postablation, p <.0001) and AF-related
healthcare utilization was reduced.

Conclusions: Catheter ablation in patients with AF and HF resulted in significant

reductions in healthcare utilization and cost through 3-years of follow-up.

Abbreviations: AAD, antiarrhythmic drug; AF, atrial fibrillation; CCI, Charlson comorbidity index; Cl, confidence interval; CPT, common procedural terminology; CRT-D, cardiac

resynchronization therapy-defibrillator; ED, emergency department; HF, heart failure; ICD, implantable cardioverter-defibrillator; LOS, length of stay; PPPM, per-patient per-month;

US, United States.
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1 | INTRODUCTION

Atrial fibrillation (AF) and heart failure (HF) are leading cardiovas-
cular epidemics and they are both associated with significant mor-
bidity, mortality, and economic burden.!® Estimates suggest that
$20613-%$40 169 is spent per AF patient per year in the United
States (US).** In 2015, AF accounted for approximately 6 million
office visits and 499 000 emergency department (ED) visits.® ® Total
direct costs for HF were estimated at $30.7 billion in 2012 and are
projected to increase to $70 billion by 2030.° Due to shared risk

t,l'lo

factors, AF and HF frequently coexis and patients with both

conditions have significantly worse outcomes than patients with HF
alone.***?

Catheter ablation has been shown to improve outcomes in pa-
tients with AF and HF compared to medical therapy by reducing the
burden of AF, improving the left ventricular ejection fraction, and
potentially lowering mortality and hospitalization for worsening
HF.**"% The 2019 AHA/ACC/HRS Focused Update of the 2014
Guideline for Management of Patients with Atrial Fibrillation re-
commends AF catheter ablation as a reasonable (class of re-
commendation Ilb) option in selected patients with symptomatic AF
and HF with reduced left ventricle (LV) ejection fraction to poten-
tially lower mortality and reduce hospitalizations.'”

Given the high economic burden of both AF and HF, the effect of
catheter ablation on healthcare expenditures in this population is an
important health policy issue. However, the impact of catheter ab-
lation on subsequent healthcare utilization and cost among patients
with AF and HF has not been well studied.’® The objective of this
retrospective observational study was to examine healthcare use and
cost among patients with AF and HF before and after ablation
treatment in a real-world setting using a nationally representative
claims database. The primary objective was to compare 1-year
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This reduction was observed regardless of whether repeat ablation was performed,

reflecting the positive impact of ablation on longer term cost reduction.

atrial fibrillation, catheter ablation, health policy, healthcare economics, heart failure

pre- and postablation healthcare utilization and costs among patients
with AF and HF. The secondary objective was to compare these

outcomes extended to the 3-year postablation period.

2 | METHODS

2.1 | Data source

A retrospective analysis of the Optum® De-ldentified Clinfor-
matics® Data Mart Database-date of death claims database was
performed. The Optum database contains de-identified data derived
from health plan members’ enrollment data and facility, physician,
and pharmacy claims from approximately 13 million covered health
plan members annually. The study was reviewed by the New England
Institutional Review Board and determined to be exempt from broad
institutional review board approval, as the study did not involve

identifiable human subjects.

2.2 | Study sample

Patients who had an inpatient ablation procedure between January
1, 2012 and June 30, 2018 were identified by an ablation procedure
code as specified by the International Classification of Diseases,
Ninth Edition and Tenth Edition, listed with a primary diagnosis of AF
and a secondary diagnosis of HF. Patients who had an outpatient
ablation procedure occurring between January 1, 2012 and
December 31, 2012 were identified by common procedural termi-
nology (CPT) code 93651 (which was then discontinued) with a
primary diagnosis of AF and a secondary diagnosis of HF. Patients
who underwent outpatient ablation between January 1, 2013 and
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June 30, 2018 were identified by CPT code 93656, with a primary or
secondary diagnosis of AF and concomitant diagnosis of HF. Whe-
ther the ablation procedure was inpatient or outpatient, status was
defined based on the site of care of service listed in the database.
Note that the outpatient status, which is commonly used for AF
ablation procedures, could include a single overnight stay in the
hospital. For our secondary analysis, we identified inpatient or out-
patient ablation between January 1, 2012 and June 30, 2016 and
extended the duration of follow-up to the 3-year postindex ablation
for outcomes assessment and comparison.

The first ablation procedure meeting these criteria was desig-
nated as the index date. Eligible patients were required to be at least
19 years of age at the time of index admission. Patients also needed
to be continuously enrolled in the 1-year pre- and postindex periods.
Patients who had a catheter ablation procedure for primary or sec-

ondary diagnoses of AF performed in the 1-year preindex period and

patients who underwent surgical ablation, valvular procedure, or left
atrial appendage occlusion during the 1-year preindex period were
excluded. Patients who had negative aggregated costs in the 1-year
pre- or postindex periods were excluded. Similar inclusion and ex-
clusion criteria were applied to the secondary analysis (1-year pre-
and 3-year postindex periods). The final study population consisted
of 1568 patients. The cohort formation for the primary analysis is
presented in Figure 1. The secondary outcome analysis included 378

patients (Supporting Information Figure).

2.2.1 | Covariates

Patient characteristics including age (19-49, 50-59, 60-69, and 270
years), gender (male and female), insurance type (exclusive provider

organization, group purchasing organization, health maintenance

Patients (aged = 19 years) who underwent a primary procedure of ablation with a primary diagnosis of AF
and secondary diagnosis of HF from Jan 1,2012 to June 30, 2018 (for inpatient ablation); or patients (aged
= 19 years) with a procedure of ablation (CPT 93651) with a primary diagnosis of AF and a secondary
diagnosis of HF occurring between January 1, 2012 and December 31, 2012 (for outpatient ablation); or
patients (aged = 19 years) with a procedure of ablation (CPT 93656) with a primary or secondary diagnosis
of AF and a concomitant diagnosis of HF occurring between January 1, 2013 and June 30, 2018 (for
outpatient ablation)

N =3,120

Patients with continuous enrollment in the 1-year pre-index and 1-year post-index period
N =1,761

Patient count after excluding those who underwent catheter ablation for primary or
secondary diagnosis of AF in the 1-year pre-index period
N = 1,651

Patient count after excluding those who underwent surgical ablation,
valvular procedure, or left atrial appendage occlusion (primary or
secondary procedures) in the 1-year pre-index period
N =1,625

Patient count after excluding those with negative aggregated costs in the
1-year pre-index or 1-year post-index period
N = 1,568

Systolic HF alone: n =212 (13.52%)
Diastolic HF alone: n = 185 (11.80%)
Unspecified HF: n = 1,171 (74.68%)

FIGURE 1 Attrition flow diagram. Inclusion and exclusion criteria used to select the analysis cohort in the primary analysis (1-year pre- and
1-year postablation). AF, atrial fibrillation; CPT, current procedural terminology; HF, heart failure
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organization, indemnity, point of service, preferred provider organi-
zation, state policy network, and other), index ablation setting (in-
patient or outpatient), and admission type (elective, urgent,
emergency, other, and unknown) were collected.

Comorbidity indices included the extended-Charlson comorbid-
ity index (CCl) score and the CHA,DS,-VASc score. Specific co-
morbidities collected included: obstructive sleep apnea, obesity,
diabetes, hypertension, chronic pulmonary disease, renal disease,
other arrhythmias, valvular disease, cardiomyopathy, and myocardial
infarction. All comorbidities were assessed in the 1-year preindex
period. Implantable cardioverter-defibrillator (ICD) or cardiac re-
synchronization therapy-defibrillator (CRT-D) use also was measured
if the procedure occurred in the 1-year preindex period. Hospital
characteristics including hospital bed size (small [<100], medium
[101-249], and large [2250]) and geographic region (Northeast,
Midwest, South, and West) were determined.

222 | Outcomes

Study outcomes included AF- and HF-related inpatient admission
(where the primary diagnosis code for admission was AF or HF),
AF-related ED visits, AF-related ambulatory care visits, cardiover-
sion, inpatient length of stay (LOS), and cost. The cost was adjusted
for inflation and reported in 2018 US dollars.

2.2.3 | Sensitivity analysis

As a measure of sensitivity analysis, patients who underwent repeat
ablation were excluded, and the above study objectives were as-
sessed and compared in the 1-year pre- and postindex ablation

periods.

2.24 | Statistical analysis

Means and standard deviations were reported for continuous vari-
ables and frequencies and percentages were reported for categorical
variables. McNemar’s test was used to compare changes in the
proportion of study outcomes pre- and postablation. Wilcoxon
signed-rank test was used to compare mean changes in study out-
comes in the pre- and postablation periods. While assessing out-
comes across 1-year preablation and 3-year postablation periods,
Wilcoxon signed-rank test also was used to compare mean changes
in healthcare utilization and cost in a per-patient per-month (PPPM)
basis.

Means with 95% confidence intervals (Cls) were used to sum-
marize the results. Nonparametric bootstrapping (using sampling
with replacement) was used to generate 95% Cls for the mean es-
timates of inpatient admission, ED visits, cardioversion, ambulatory
care visits, and cost.’” In all analyses, a two-sided p-value less
than .05 was the threshold for which differences were considered to
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be statistically significant. All analyses were conducted using SAS for
Windows, Version 9.4 (SAS Institute Inc.).

3 | RESULTS

3.1 | Baseline characteristics

Patient demographics and characteristics and hospital characteristics
for the primary analysis are presented in Table 1. The mean age was
69 + 10 years and 61% were male. The majority of ablations occurred
in the south, at large hospitals, in an outpatient setting, and were
elective. Insurance other than exclusive provider organization/
healthcare maintenance organization, indemnity, or point of service
/preferred provider organization was the most common. An ICD/
CRT-D was present in 29.7% of patients. A majority of patients had a
history of hypertension. Other common conditions among patients
included valvular disease, cardiomyopathy, other arrhythmias,
chronic pulmonary disease, and sleep apnea. The prevalence of co-
morbidities was high as indicated by a CCl score 23 in 67.2% of
patients. A majority (88.97%) of patients also had a CHA,DS,-VASc
score 23. In the secondary analysis, patient demographics and
characteristics and hospital characteristics were similar (Supporting

Information Table).

3.2 | Outcomes
3.2.1 | One-year postablation healthcare
utilization

Healthcare utilization was significantly lower following ablation in pa-
tients with AF and HF (Figure 2A). One year following ablation, the
proportion of patients with AF-related inpatient admissions was re-
duced by 64% (95% Cl: -67.2, -62.0; p < .0001) and the proportion with
ED visits was reduced by 51% (95% Cl: -53.6, -48.1; p <.0001). The
proportion of patients with HF-related inpatient admissions was re-
duced by 22% (95% Cl: -23.3, -20.1; p=.01) and the proportion re-
quiring cardioversion was reduced by 52% (95% Cl: -53.6, -49.8;
p <.0001). We did observe that the proportion of patients with AF
ambulatory care visits increased by 4% (95% Cl: 3.7, 4.5; p <.0001).
Considering the potential of misclassification of primary diagnosis
during claims processing, we also assessed all-cause inpatient admis-
sions and the associated change in the proportion of patients with all-
cause admission in the preablation versus postablation period. We
observed a 29% reduction in all-cause inpatient admission (95% CI:
-30.8, -28.3; p <.0001), with 53% of patients having an all-cause in-
patient admission in the preablation period versus 37% in the post-
ablation period.

AF-related inpatient LOS was significantly reduced by 65% (95% ClI:
-67.4, -62.0; p<.0001). Although the proportion of patients with
HF-related inpatient admissions was reduced, the LOS for incident ad-
missions was overall unchanged (5% decrease; 95% Cl: -24.3, 23.0).
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TABLE 1 Patient demographics and characteristics and hospital
characteristics in the primary analysis including repeat ablation

patients

Patients, No. (%)

Demographic/characteristic (N=1568)
Age

Mean (SD), years 69 (10)
Age group, n (%), years

19-49 49 (3.13)

50-59 182 (11.61)

60-69 472 (30.10)

>70 865 (55.17)
Male 957 (61)
Region

Midwest 430 (27.42)

Northeast 205 (13.07)

South 716 (45.66)

West 214 (13.65)

Unknown 3 (0.19)
Insurance type

EPO/HMO 224 (14.29)

Indemnity 22 (1.40)

POS/PPO 376 (23.98)

Other 946 (60.33)
Ablation setting

Inpatient 525 (33.48)

Outpatient 1043 (66.52)

Hospital bed size

Large (2250) 945 (60.27)
Medium (101-249) 210 (13.39)
Small (<100) 27 (1.72)

Unknown 386 (24.62)

Admission type

Elective 1198 (76.40)
Emergency 159 (10.14)
Urgent 102 (6.51)
Unknown 109 (6.95)
ICD/CRT-D use, n (%) 465 (29.66)
Admission year, n (%)
2012 97 (6.19)
2013 110 (7.02)
2014 106 (6.76)
2015 192 (12.24)
2016 267 (17.03)
2017 427 (27.23)
2018 369 (23.53)

History of condition
Hypertension
Valvular disease

Cardiomyopathy

1460 (93.11)
1065 (67.92)
876 (55.87)

TABLE 1 (Continued)

Patients, No. (%)

Demographic/characteristic (N =1568)
Other arrhythmias 905 (57.72)
Chronic pulmonary disease 673 (42.92)
Sleep apnea 657 (41.90)
Obesity 653 (41.65)
Diabetes 599 (38.20)
Renal disease 486 (30.99)
Mpyocardial infarction 376 (23.98)

CCl score
1-2 514 (32.78)
23 1054 (67.22)

CHA,DS,-VASc score
1-2 173 (11.03)
23 1395 (88.97)

Abbreviations: AF, atrial fibrillation; CCI, Charlson Comorbidity Index;
CRT-D, cardiac resynchronization therapy- defibrillator; EPO, exclusive
provider organization; HMO, health maintenance organization;

ICD, implantable cardioverter-defibrillator; POS, point of service;
PPO, preferred provider organization; SD, standard deviation.

The proportion of patients with the use of =1 antiarrhythmic
drugs (AADs) in 0-6-months postablation period was 55% (n = 869),
and reduced to 36% (n=563) in 6-12-months postablation period.

Some patients included in the analysis may have had more than one
admission or visit, and as a result, mean changes in study outcomes
were also examined. The mean reductions in AF-related inpatient ad-
mission, AF-related ED visits, and cardioversion were also significant
(Figure 2B). However, the mean changes in HF-related inpatient ad-

missions and AF-related ambulatory care visits were not significant.

3.2.2 | One-year postablation healthcare cost

There was a significant decline in AF-related healthcare costs among
patients with AF and HF observed at 1-year postablation (Figure 3A).
Mean AF-related inpatient cost was significantly reduced by 40%,
from $4165 preablation to $2510 postablation (95% Cl: -51.5,
-29.1; p<.0001). In addition, the mean AF-related ED cost was
significantly reduced by 63%, from $638 preablation to $233 post-
ablation (95% Cl: -66.1, -61.5; p <.0001). Cardioversion cost was
also reduced by 65%, from $4126 preablation to $1462 postablation
(95% Cl: -66.7, -63.1; p<.0001). The cost associated with
HF-related inpatient admissions was not significantly reduced com-
paring the 1-year pre- and postablation periods. The mean AF-
management cost reduced significantly from $9468 in the 12-month
preindex ablation period to $9256 in the postindex ablation period
(p <.0001). However, the mean total cost of all-cause healthcare
utilization including both AF-related and non-AF-related factors re-
mained unchanged between the 12-month preindex period versus
12-month postindex period ($42 914 vs. $46 487; p=.5177).
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FIGURE 2 Change in AF- and HF-related healthcare utilization pre- and post-AF ablation in patients with AF and HF. Proportional change
(A) and mean change (B) in AF- and HF-related healthcare utilization in the 1-year pre- and postablation periods in patients with AF and HF.
AF, atrial fibrillation; Cl, confidence interval; ED, emergency department; HF, heart failure

3.2.3 | Impact of repeat ablations on healthcare
utilization and cost

Because repeat ablations were included in the cost analyses, we con-
ducted a sensitivity analysis focused on the impact of ablation on cost in
those individuals who did not have a repeat ablation (Figure 3B). After
excluding the repeat ablation cases (n = 119), we observed a significant
decline in our outcomes notably with a higher effect size compared to
the full cohort in terms of AF-related inpatient readmission (-60% vs.
-40%), AF-related ED visit (-69% vs. -63%), and cardioversion (-71%
vs. -65%). However, the largest change was the overall AF management

cost which was 43% lower, from $9477 preablation to $5405 post-
ablation (95% Cl: -46.6, -39.6; p < .0001), whereas for the full analysis,
the cost was only 2% lower ($9468 preablation to $9256 postablation).
The mean total all-cause healthcare utilization cost was also observed
to have decreased significantly (p <.0001) from $42 807 in the preindex
ablation period to $41443 in the postindex ablation period in this
sensitivity analysis.

Similar to the full analysis, in the sensitivity analysis, AF-related
inpatient LOS was significantly reduced (-73%; 95% Cl. -75.7,
-70.1; p<.0001), but there was no significant reduction in
HF-related inpatient LOS (-3%; 95% Cl: -24.3, 24.8). The proportion
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FIGURE 3 Mean change in healthcare cost per patient pre- and post-AF ablation in all patients or those without repeat ablation. Mean
change in healthcare cost per patient in the 1-year pre- and postablation periods in all patients with AF and HF (A) or just those without repeat
ablation (B). AF, atrial fibrillation; Cl, confidence interval; ED, emergency department; HF, heart failure

of patients with the use of 21 AAD in 0-6-months postablation
period was 55% (n=793), and was reduced to 34% (n=497) in

6-12-months postablation period, similarly.

3.24 | Secondary analysis: 3-year postablation
healthcare resource utilization

In the secondary analysis, significant reductions in mean AF-related
healthcare resource utilization (e.g., PPPM) were observed in the
1-year preablation and 3-year postablation periods (Figure 4A).
Mean PPPM AF-related inpatient admissions, ED visits, ambulatory
care visits, and cardioversion were all significantly reduced (all

p<.0001). Mean HF-related
significantly changed from the 1-year preablation and 3-year

values, inpatient cost was not

postablation periods.

3.2.5 | Three-year postablation healthcare cost

Healthcare cost significantly declined from the 1-year preablation
period to the 3 years postablation period (Figure 4B). AF-related
inpatient, ED visits, and ambulatory care costs were significantly
reduced. Total mean AF management cost was significantly de-
creased from $850 PPPM 1-year preablation to $546 PPPM 3-years
postablation, corresponding to a 36% reduction in costs (95%
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FIGURE 4 Mean changes in the AF- and HF-related healthcare utilization or cost extended to the 3-year post-AF ablation period. Mean
change in the AF- and HF-related healthcare utilization (A) and cost PPPM (B) in the 1-year preablation and 3-year postablation periods.
AF, atrial fibrillation; Cl, confidence interval; ED, emergency department; HF, heart failure; PPPM, per-patient per-month

Cl: -41.5, -30.5; p <.0001). Cardioversion cost was also significantly
reduced. HF-related inpatient admission cost was not significantly
changed from 1-year preablation and 3-years postablation. However,
the average total all-cause healthcare cost remained unchanged in
the 1-year pre- versus 3-years postablation period ($3178 vs.
$3213; p=.8296).

4 | DISCUSSION

Despite the challenges in maintaining sinus rhythm in patients with
AF and HF, the benefits of a rhythm control approach utilizing AF
ablation in appropriately selected patients with HF include reduced

AF recurrence, improvements in LV ejection fraction, and a lower
risk of HF hospitalization and all-cause mortality.">*¢?°"2% The
current analysis extends these prior investigations by exploring the
impact of AF ablation in this population on healthcare utilization and
cost. There are several key findings from our analysis. First, catheter
ablation leads to significantly lower AF-related healthcare utilization
in the 1-year postablation period compared to the 1-year period
preceding ablation, including fewer inpatient admissions, shorter
inpatient LOS, fewer cardioversions, and fewer ED visits. Second,
extending the follow-up duration to 3-years postablation revealed
sustained and greater reductions in healthcare utilization and total
AF-management cost. Finally, both admissions for AF as well HF
were reduced with ablation.
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Interventions such as catheter ablation that are associated with
reduced incidence of HF admission could significantly lower the fi-
nancial burden associated with the management of chronic diseases
such as AF and HF, which commonly coexist. A recently published
analysis of the Nationwide Readmission Database assessed rates of
all-cause hospitalization in patients with or without HF undergoing
AF ablation and found a 27.5% reduction in all-cause hospitalization
in the HF group, with a greater relative reduction in the HF group,
compared the group without HF.>* The relative reduction was similar
regardless of whether the HF was associated with a reduced or
preserved ejection fraction. In addition, a 20% relative reduction of
HF hospitalization cost for the 3-months postcatheter ablation
compared to precatheter ablation was observed. Similarly, in the
CASTLE-AF trial, which was a randomized controlled trial comparing
either catheter ablation or medical therapy of AF patients with HF
and reduced ejection fraction and ICD, a reduction in rates of HF
hospitalization was observed. The ablation group demonstrated a
decreased incidence of HF hospitalization compared to the medical
therapy group (20.7% vs. 35.9%, hazard ratio, 0.56; 95% Cl,
0.37-0.83; p =.004).2 In our study, we found a significant decline in
the proportion of patients experiencing HF-related inpatient hospi-
talization in the 1-year follow-up period.

Beyond HF admissions, this study also broadly investigated total
AF management costs, including AF-related inpatient admission, in-
patient LOS, ED visits, cardioversion, and ambulatory care visits. There
were relative reductions in most types of services postablation, con-
sistent with a wide-ranging benefit in this population. A proportional
increase of 4% in the rate of AF-related ambulatory care visits post-
ablation was observed. We speculate that the proportional increase
was the result, at least in part, to standard postprocedure follow-up
visits. The proportion of the postoperative encounters essentially were
shifted from more costly inpatient and ED visits to ambulatory visits.

The effect of catheter ablation on healthcare expenditures in pa-
tients with AF and HF is an important health policy issue given the
significant costs associated with either condition.”>?° In addition to
healthcare utilization, we analyzed cost and observed an overall de-
crease in the 1-year postablation period, which was even more sig-
nificant in the 3-year postablation period. This finding indicates the
potential long-term benefit of catheter ablation in patients with AF and
HF. Chang et al?’ conducted a systematic review of the cost-
effectiveness of catheter ablation for AF. They concluded that catheter
ablation could be a cost-effective option for AF management, especially
among populations with higher symptom burden. Our findings, espe-
cially with respect to the longer term cost reduction following ablation,
extend these data to the HF population. Although ablation was seen to
influence AF-management cost, the total cost of all-cause healthcare
use generally remained unchanged in the 12-month preablation versus
postablation period (though we did observe a significant decline when
excluding patients with repeat ablation in the postablation period) and
also when considering extended follow-up time period. The all-cause
healthcare utilization cost encompasses both AF-related and non-AF-

related costs, and with high comorbidity burden among patients with

AF-HF, the non-AF-related costs are likely to have been uninfluenced
by ablation. As such, the usefulness of all-cause healthcare costs as an
outcome metric in assessing the influence of ablation should be
cautiously interpreted.

When the population in the primary analysis was restricted to
those patients not undergoing a repeat ablation, a greater reduction in
cost postablation was demonstrated as expected. Although only 7.6% of
patients underwent repeat ablation, its considerable impact on cost
1-year postablation became evident with a pronounced reduction in the
overall AF management cost when these patients were excluded from
the analysis. However, when the analysis was extended to a
3-year postablation period, a significant reduction in AF-management
cost was observed, even when the repeat ablation patients were in-
cluded. Therefore, the beneficial effects of ablation on longer term cost
savings appear to accrue with longer term follow-up, even accounting
for the added cost of repeat ablation. Nonetheless, these findings
highlight the potential cost benefits of improvements and innovations

aimed at reducing the incidence of repeat ablation procedures.

4.1 | Limitations

The results of this study should be considered in the context of
certain limitations. As with all analyses of claims data, the results
may not be generalizable beyond the population included in the
database. The Optum database lacks information regarding left
ventricular ejection fraction and New York Heart Association func-
tional class, so analyses based on specific HF subtypes (systolic or
diastolic) or symptom severity could not be performed. Reliance on
diagnosis and procedure codes to define study variables are subject
to miscoding or misclassification. Furthermore, individual patients as
their own control were used to evaluate pre- and postablation
healthcare utilization and cost, which has advantages. However, we
did not compare a matched group of patients not undergoing abla-
tion, so we cannot comment on how an ablation strategy might differ
from a medical strategy with respect to healthcare utilization. Finally,
we applied continuous enrollment criteria postablation, and, there-

fore, the results could have been influenced by immortal time bias.

5 | CONCLUSION

Using a nationally representative sample, this real-world study is the
first to examine the relationship between ablation and healthcare
resource utilization in patients with both AF and HF. Significant re-
ductions in AF-related resource use and cost were demonstrated up
to 3 years postablation and the longer term cost was unaffected by
repeat ablation. The impact on HF hospitalizations was compara-
tively more modest. The observed reductions in healthcare utiliza-
tion and cost following ablation in patients with AF and HF have
important implications for future guidelines, as well as for patients,

providers, and payers.
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