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BACKGROUND Ablation reduces atrial fibrillation (AF) burden and
improves health-related quality of life. The relationship between
ablation, healthcare utilization, and AF type (paroxysmal AF [PAF]
vs persistent AF [PsAF]) remains unclear.

OBJECTIVE To compare changes in AF-related healthcare utiliza-
tion and costs from preablation to postablation among patients
with PAF and PsAF.

METHODS Patients (2794 PAF, 1909 PsAF) undergoing ablation
(2016–2018) were identified using the Optum database. Outcomes
included inpatient admissions, emergency department (ED) visits,
office visits, cardioversion, and antiarrhythmic drug (AAD) use.
Costs (2018 US$) and outcomes were compared for the year
before/after ablation using the McNemar test and Wilcoxon signed
rank test.

RESULTS Compared to PAF patients, PsAF patients were older (68.66
9.0 years vs 67.46 9.9 years, P, .0001), were less commonly female
(36.3%vs 44.1%,P, .0001), andmore commonly had a CHA2DS2-VASc
� 3(71.2% vs 62.7%, P , .0001). The 12-month postablation
costs were lower for AF-specific inpatient admissions (PAF -28%,
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PsAF -33%), ED visits (PAF -76%, PsAF -70%), AAD prescription fills
(PAF -25%, PsAF -7%), and cardioversions (PAF -59%, PsAF -55%) as
compared to 12 months before ablation. Although these reductions
were observed for both PAF and PsAF patients, absolute costs remained
higher for PsAF. Total AF costs were higher during the 1 year after abla-
tion vs before ablation (PAF: 11%, P, .0001; PsAF: 10%, P, .0001)
owing to repeat ablation. However, in the 18-month follow-up analysis,
postablation costs were overall reduced (PAF: 35%, P , .0001; PsAF:
34%, P, .0001), despite including costs from repeat ablation.

CONCLUSION Significant reductions in healthcare utilization and
costs were observed among PAF and PsAF patients undergoing abla-
tion. These data suggest a strategy of earlier ablation may reduce
long-term healthcare utilization and costs.

KEYWORDS Atrial fibrillation; Ablation; Cost; Healthcare utiliza-
tion; Healthcare economics
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Introduction
Catheter ablation (CA) is an established therapy for the treat-
ment of paroxysmal and persistent atrial fibrillation (PAF and
PsAF, respectively) and has been demonstrated to reduce
atrial fibrillation (AF) burden and improve quality of life.1

AF recurrence during the year after CA of PsAF is more com-
mon than after CA of PAF.2,3 Consequently, current guide-
lines more strongly recommend ablation for PAF compared
to PsAF, particularly in patients without a prior trial of anti-
arrhythmic drug (AAD) therapy.1

Previous studies, largely drawing from the early experi-
ence with ablation for PAF, have demonstrated that ablation
is associated with reductions in healthcare utilization and
cost.4,5 However, the rapidly evolving nature of ablation
technology and techniques is such that contemporary impacts
on healthcare utilization and cost are unknown. Furthermore,
the increasing use of ablation for treatment of more advanced
forms of AF necessitates robust data regarding CA of both
PAF and PsAF. To determine changes in healthcare utiliza-
tion and cost according to the type of AF, we performed a se-
ries of analyses comparing the healthcare utilization and costs
his is an open
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KEY FINDINGS

- Significant reductions in healthcare utilization and
costs were observed among paroxysmal atrial fibrilla-
tion (PAF) and persistent atrial fibrillation (PsAF) pa-
tients undergoing ablation. However, these
reductions were only observed with 18 months of
follow-up after ablation and costs were higher during
the first 12 months post ablation.

- Although reductions in cost and healthcare utilization
were observed for both PAF and PsAF, the absolute
atrial fibrillation–related costs remained higher in pa-
tients with PsAF.

- Costs associated with repeat ablation (performed in
6.7% of patients with PAF and 8.2% of patients with
PsAF) were a main driver of cost during the postabla-
tion period.
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of AF-related care before and after CA for AF, stratified by
AF subtype (PAF vs PsAF). We hypothesized that ablation
would be associated with reductions in AF-related healthcare
utilization and cost in both patients with paroxysmal and
persistent forms of AF.
Methods
We conducted a retrospective cohort study using the Op-
tum de-identified Clinformatics Datamart, Extended –

Date of Death database, a nationwide administrative claims
database that comprises health insurance claims data of US
private insurance and Medicare Advantage beneficiaries
from geographically diverse regions across the country.
This database contains de-identified data derived from
health plan members’ enrollment data and facility, physi-
cian, and pharmacy claims.6,7 The use of the Optum data-
base was reviewed by the New England Institutional
Review Board, and approval and written informed consent
were waived owing to the use of retrospective and de-
identified data. The research reported in this paper adhered
to guidelines set forth by the Helsinki Declaration as
revised in 2013.

Study population
Two non–mutually exclusive study cohorts were used for this
study. Both cohorts included patients aged �19 years, with a
primary diagnosis of PAF or PsAF (for inpatient ablation) un-
dergoing an ablation procedure between October 1, 2016,
and June 30, 2018; or with a procedure of ablation (CPT
93656) with a primary or secondary diagnosis of paroxysmal
or persistent AF (for outpatient ablation). Patients were iden-
tified in the study using International Classification of
Diseases, 10th revision, Clinical Modification (ICD-10)
diagnostic codes for AF (I48.0, I48.2, I48.91, I48.1). The first
ablation procedure was considered the “index ablation.” Pa-
tients included in the first cohort were required to be
continuously enrolled for 12 months before and after index
ablation and had at least 1 inpatient or outpatient (including
office) claim with a primary diagnosis of PAF or PsAF in
the 12 months prior to the index ablation. For the longer-
term follow-up cohort, patients needed to be continuously
enrolled for 6 months before and 18 months after index abla-
tion and have at least 1 inpatient or outpatient visit claim with
a primary diagnosis of PAF or PsAF in the 6-month preabla-
tion period. Patients who died or transitioned to a different in-
surance plan during the predefined follow-up period were
excluded from analysis.

AF subtypes (PAF vs PsAF) were defined based on the
CA procedure diagnosis. If patients received both PAF and
PsAF diagnoses, they were classified as PsAF. For patients
with unspecified AF as the CA diagnosis, AF subtype was
defined based on the immediate prior diagnosis listed during
a preceding medical visit. Patients with only unspecified AF
as a diagnosis were excluded from the study.

Patients were excluded if, during the 12 months prior to
the index CA, they underwent CA for primary or secondary
diagnosis of AF, coronary artery bypass grafting, surgical
ablation, a valvular procedure, or left atrial appendage
closure. Patients with congenital heart disease or a negative
aggregated cost in the pre- or postablation period were addi-
tionally excluded.
Outcomes
The outcomes of interest included a broad array of AF-
specific care (ie, primary diagnosis was listed as AF [PAF
or PsAF]): inpatient admissions, inpatient length of stay,
emergency department (ED) visits, ambulatory care visits,
direct current cardioversions (DCCV), AAD use, and associ-
ated healthcare costs (2018 US$). AAD use (amiodarone,
disopyramide, dofetilide, dronedarone, flecainide, quinidine,
propafenone, and sotalol) was identified using national drug
code numbers from the prescription fill data. Cardioversions
performed in the inpatient and outpatient setting were
included for calculating utilization and costs. Similarly, over-
all AF management cost included costs associated with any
AF-related encounters in any settings (including cardiover-
sion, repeat ablation, and AAD use costs).

Healthcare costs were based on standard cost listed in the
Optum Clinformatics database (adjusted for medical infla-
tion, and reported in 2018 US$ terms) and are reflective of
the standard pricing algorithm that Optum applies to the
de-identified data. The standard pricing algorithm creates
standard prices reflective of allowed payments for provider
services.
Covariates
Study variables included patient demographics (age, sex), in-
surance type (comprehensive, Exclusive Provider Organiza-
tion or Health Maintenance Organization, Point of Service,
Preferred Provider Organization, and indemnity), place of in-
dex ablation, hospital characteristics (bed size, geographic re-
gion), clinical characteristics (pacemaker or implantable



Table 1 Baseline characteristics of patients included in the
primary analyses (12-month preablation vs 12-month postablation
comparison)

Paroxysmal
(n 5 2794)

Persistent
(n 5 1909) P value

Age, mean (SD) 67.4 (9.9) 68.8 (9.0) ,.0001
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cardioverter-defibrillator), extended Charlson Comorbidity
Index score,8 CHA2DS2-VASc score,

9 sleep apnea, obesity,
diabetes, hypertension, chronic pulmonary disease, renal dis-
ease, other non-AF arrhythmias (including atrial flutter),
valvular disease, cardiomyopathy, myocardial infarction,
and heart failure.
Age group ,.0001
19–49 153 (5.5) 59 (3.1)
50–59 419 (15.0) 242 (12.7)
60–69 837 (30.0) 616 (32.3)
701 1385 (49.6) 992 (52.0)

Sex ,.0001
Female 1233 (44.1) 692 (36.3)
Male 1561 (55.9) 1217 (63.8)

Region .8416
Midwest 715 (25.6) 512 (26.8)
Northeast 368 (13.2) 250 (13.1)
South 1299 (46.5) 884 (46.3)
West 409 (14.6) 261 (13.7)
Unknown 3 (0.1) 2 (0.1)

Insurance type .0087
EPO/HMO 296 (10.6) 209 (11.0)
Indemnity 20 (0.7) 21 (1.1)
POS/PPO 897 (32.1) 530 (27.8)
Other 1581 (56.6) 1149 (60.2)

Hospital bed size .0011
Large (�250) 1722 (61.6) 1174 (61.5)
Medium (101–249) 406 (14.5) 213 (11.2)
Small (,100) 45 (1.6) 29 (1.5)
Unknown 621 (22.2) 493 (25.8)

Admission year .1304
2016 296 (10.6) 169 (8.9)
2017 1505 (53.9) 1036 (54.3)
2018 993 (35.5) 704 (36.9)

CCI score ,.0001
0 807 (28.9) 367 (19.2)
1–2 1158 (41.5) 814 (42.6)
�3 829 (29.7) 728 (38.1)

CHA2DS2-VASc score ,.0001
0 150 (5.4) 53 (2.8)
1–2 892 (31.9) 497 (26.0)
�3 1752 (62.7) 1359 (71.2)

ICD/CRT-D use 198 (7.1) 193 (10.1) .0002
Sleep apnea 964 (34.5) 778 (40.8) ,.0001
Obesity 773 (27.7) 708 (37.1) ,.0001
Diabetes 676 (24.2) 552 (28.9) .0003
Hypertension 2223 (79.6) 1641 (86.0) ,.0001
Chronic pulmonary disease 640 (22.9) 499 (26.1) .0110
Renal disease 367 (13.1) 338 (17.7) ,.0001
Statistical analysis
Changes in the proportion of healthcare utilization in the pre-
and postablation period, stratified by AF subtype, were
compared using the McNemar test.10 Wilcoxon signed rank
test was used to assess the mean changes in outcomes.11 Pa-
tients who underwent repeat ablation were identified and
excluded in sensitivity analyses that otherwise were identical
to the primary analyses.

To assess longer-term outcomes after more than 12
months after ablation, we repeated the primary analyses
comparing the 18 months of follow-up after the index abla-
tion to the 6 months preceding the index ablation. Owing
to differences in the duration of the pre- and postablation pe-
riods, we used Wilcoxon signed rank tests to compare mean
changes in per-patient-per-month healthcare utilization and
costs.

To identify predictors of reduced postablation costs,
we first subtracted the “Total AF Management Costs”
from the 12-month preablation period from the “Total
AF Management Costs” from the 12-month postablation
period for each patient. With this convention, a negative
value indicates a reduction in “Total AF Management
Costs” after ablation. We subsequently created unad-
justed and adjusted logistic regression models
(including all variables) where the outcome of interest
was reduced postablation costs. All baseline patient
and hospital characteristics (including AF subtype)
were considered.

The results were summarized using means with 95% con-
fidence intervals (CIs). Nonparametric bootstrapping (using
sampling with replacement) was used to generate 95% CIs
for the mean estimates of the study outcomes. All analyses
were conducted using SAS for Windows, Version 9.4
(SAS Institute Inc, Cary, NC) and a 2-sided P , .05 was
considered statistically significant.
Other arrhythmia 2006 (73.94) 1333 (69.83) .002
Valvular disease 1123 (40.2) 943 (49.4) ,.0001
Cardiomyopathy 368 (13.2) 494 (25.9) ,.0001
Myocardial infarction 232 (8.3) 191 (10.0) .0452
Heart failure 710 (25.4) 838 (43.9) ,.0001

CCI 5 Charlson Comorbidity Index; CRT-D 5 cardiac resynchronization
therapy with defibrillator; EPO 5 Exclusive Provider Organization; HMO 5
Health Maintenance Organization; ICD 5 implantable cardioverter-
defibrillator; POS5 Point of Service; PPO5 Preferred Provider Organization.

Data are n (%) unless specified.
Results
Cohort formation and baseline characteristics
A total of 4703 patients underwent CA for PAF or PsAF be-
tween October 1, 2016, and June 30, 2018, and met study
criteria for inclusion in the primary cohort (Supplemental
Table 1). Of these patients, 2794 patients had PAF and
1909 patients had PsAF at the time of the ablation; differ-
ences in characteristics by AF subtype are depicted in
Table 1. Patients with PsAF were older (68.6 vs 67.4 years,
P , .0001), were less likely to be female (36.3% vs
44.1%, P, .0001), and were more likely to have a Charlson
Comorbidity Index of�3 (38.1% vs 27.9%, P, .0001) and a
CHA2DS2-VASc of �3 (71.2% vs 62.7%, P , .0001).
Several other comorbidities were more common among pa-
tients with PsAF, including sleep apnea (40.8% vs 34.5%,
P, .0001), diabetes (28.9% vs 24.2%, P, .0001), myocar-
dial infarction (10.0% vs 8.3%, P5 .0452), and heart failure
(43.9% vs 25.4%, P , .0001).



Figure 1 Changes in the proportion of patients with atrial fibrillation–related healthcare utilization in the 12 months pre- and post-ablation period. AAD 5
antiarrhythmic drug; AF 5 atrial fibrillation; ED 5 emergency department; PAF 5 paroxysmal atrial fibrillation; PsAF 5 persistent atrial fibrillation.

Figure 2 Antiarrhythmic use before and after ablation. For paroxysmal
atrial fibrillation, patients use was significantly less at 0–6 and 6–12 months
post ablation. For persistent atrial fibrillation patients, use was similar 0–6
months but less 6–12 months after ablation. Abbreviations as in Figure 1.
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A comparison of costs and healthcare utilization during
the 12 months before ablation vs the 12 months after ablation
revealed that there was a significant reduction in the propor-
tion of patients with AF-related inpatient admissions, ED
visits, and cardioversions in both the PAF and PsAF patients
(Figure 1). The mean AF-related inpatient length of stay was
also reduced during the 12 months after CA for both AF sub-
types (PAF: reduced by 68%, P , .0001, PsAF: reduced by
63%, P, .0001). There were no significant differences in the
proportion of ambulatory visits for AF regardless of AF sub-
type.

The proportion of patients who filled an AAD prescription
in the year after ablation was lower in PAF but not PsAF pa-
tients. However, when examining AAD use by 6-month in-
tervals, it became evident that this was driven by delayed
AAD discontinuation in patients with PsAF (Figure 2). For
example, among patients with PAF, AAD use was signifi-
cantly less at 0–6 and 6–12 months post ablation. For PsAF
patients, use was similar at 0–6 months, but less at 6–12
months, after ablation.

Significant decreases in healthcare utilization were simi-
larly observed when assessing utilization based on compari-
sons of the mean number of healthcare encounters (Figure 3).
That is, the mean number of AF inpatient admissions, ED
visits for AF, and cardioversions were lower in the postabla-
tion period. The mean number of ambulatory visits for AF
were similar for patients with PAF, but less for patients
with PsAF, during the postablation period.

The average AF-related costs for inpatient visit (PAF: 29%,
P, .0001; PsAF: 33%, P, .0001), ED visit (PAF: 76%, P,
.0001; PsAF: 70%,P, .0001), DCCV (PAF: 69%,P, .0001,
PsAF: 56%, P , .0001), office visit (PAF: 15%, P , .0001;
PsAF: 16%, P , .0001), and AAD (PAF: 25%, P , .0001;
PsAF: 7%, P 5 .01) decreased significantly among both AF
subgroups (compared to preablation period) but were higher
in the PsAF group (Figure 4). However, the total AF-related
costs were higher in the 12-month postablation period for
PAF ($7343 vs $6614, P , .0001) and PsAF ($9137 vs
$8327, P, .0001) patients. The increase in postablation costs
were driven by the cost of repeat ablations, which were per-
formed in 6.7% of patients (n5 188) with PAF (mean proced-
ure cost: $27,323) and 8.2% of patients (n5 157) with PsAF
(mean procedure cost: $28,150). When patients who under-
went repeat ablation during follow-up were excluded, total
AF-related costs were 36% lower in patients with PAF
($6602 vs $4257, P , .0001) and 39% lower in patients
with PsAF ($8451 vs $5151, P , .0001).
Longer-term follow-up cohort
A total of 4362 patients were included in the longer-
term follow-up cohort (which required 6 months of



Figure 3 Mean changes in healthcare utilization in the 12 months pre- vs postablation period. Abbreviations as in Figure 1.
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enrollment prior to ablation and 18 months of follow-up
after ablation), which was created to understand the
impact of longer-term follow-up on average AF-related
costs (Supplemental Table 1). Of these patients, 2608
had PAF and 1754 had PsAF, and the relationship be-
tween AF subtype and comorbidity burden was similar
overall in the secondary cohort (Table 2) compared to
the primary cohort (Table 1). In a series of analyses
comparing per-patient-per-month costs among all pa-
tients (including those with repeat ablation), average
AF-related inpatient (PAF: 65%, P , .0001; PsAF:
63%, P , .0001), ED visit (PAF: 86%, P , .0001;
PsAF: 80%, P , .0001), DCCV (PAF: 76%, P ,
.0001, PsAF: 74%, P , .0001), office visit (PAF:
Figure 4 Mean changes in cost per patient in the 12 months pre- vs postablation p
in Figure 1.
49%, P , .0001; PsAF: 50%, P , .0001), AAD
(PAF: 41%, P , .0001; PsAF: 16%, P 5 .01), costs
decreased significantly among both AF subgroups
(Figure 5).

Importantly, when examining a follow-up duration of 18
months, the total AF-related costs (including costs associated
with repeat ablation) were significantly lower for both AF
subtypes (PAF: 35%, P , .0001, PsAF: 34%, P , .0001).
Although the overall relative reduction in total AF-related
costs was similar for PAF vs PsAF, the costs for PsAF pa-
tients remained higher than for PAF patients after ablation.
These differences were driven in part by a higher rate of
repeat ablation among PsAF patients over the course of 18
months (12% vs 9%).
eriod. Red bars denote costs associated with repeat ablation. Abbreviations as



Table 2 Baseline characteristics of patients included in the
secondary analyses (6-month preablation vs 18-month postablation
comparison)

Paroxysmal
(n 5 2608)

Persistent
(n 5 1754) P value

Age, mean (SD) 66.8 (10.0) 68.3 (9.1) ,.0001
Age group ,.0001
19–49 161 (6.2) 57 (3.3)
50–59 421 (16.1) 233 (13.3)
60–69 829 (31.8) 587 (33.5)
701 1197 (45.9) 877 (50.0)

Sex ,.0001
Female 1138 (43.6) 643 (36.7)
Male 1470 (56.4) 1111 (63.3)

Region ,.0001
Midwest 39 (1.5) 51 (2.9)
Northeast 60 (2.3) 53 (3.0)
South 105 (4.0) 114 (6.5)
West 36 (1.4) 31 (1.8)
Unknown 2368 (90.8) 1505 (85.8)

Insurance type .0045
EPO/HMO 271 (10.4) 191 (10.9)
Indemnity 21 (0.8) 28 (1.6)
POS/PPO 846 (32.4) 498 (28.4)
Other 1470 (56.4) 1037 (59.1)

Hospital bed size .0003
Large (�250) 143 (5.5) 147 (8.4)
Medium (101–249) 25 (1.0) 10 (0.6)
Small (,100) 5 (0.2) 8 (0.5)
Unknown 2435 (93.4) 1589 (90.6)

Admission year .3987
2016 962 (36.9) 625 (35.6)
2017 1646 (63.1) 1129 (64.4)
2018 0 0

CCI score ,.0001
0 934 (35.8) 441 (25.1)
1–2 1073 (41.1) 818 (46.6)
�3 601 (23.0) 495 (28.2)

CHA2DS2-VASc score ,.0001
0 177 (6.8) 68 (3.9)
1–2 934 (35.8) 545 (31.1)
�3 1497 (57.4) 1141 (65.1)

ICD/CRT-D use 139 (5.3) 131 (7.5) .004
Sleep apnea 780 (29.9) 627 (35.8) ,.0001
Obesity 569 (21.8) 514 (29.3) ,.0001
Diabetes 580 (22.2) 466 (26.6) .001
Hypertension 1934 (74.2) 1435 (81.8) ,.0001
Chronic pulmonary disease 495 (19.0) 378 (21.6) .0375
Renal disease 283 (10.9) 244 (13.9) .0024
Other arrhythmia 1445 (55.41) 829 (47.26) ,.0001
Valvular disease 858 (32.9) 775 (44.2) ,.0001
Cardiomyopathy 286 (11.0) 396 (22.6) ,.0001
Myocardial infarction 165 (6.3) 134 (7.6) .0924
Heart failure 551 (21.1) 669 (38.1) ,.0001

CCI 5 Charlson Comorbidity Index; CRT-D 5 cardiac resynchronization
therapy with defibrillator; EPO 5 Exclusive Provider Organization; HMO 5
Health Maintenance Organization; ICD 5 implantable cardioverter-
defibrillator; POS5 Point of Service; PPO5 Preferred Provider Organization.

Data are n (%) unless specified.
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Predictors of reduced cost after catheter ablation
Postablation cost reduction was observed in 68.47% of PAF
and 66.32% of persistent PsAF patients. In unadjusted ana-
lyses, age less than 70 years, sleep apnea, obesity, “other
arrhythmia,” valvular disease, cardiomyopathy, and prior
myocardial infarction were associated with decreased posta-
blation costs, while insurance types other than Exclusive Pro-
vider Organization / Health Maintenance Organization were
associated with increased postablation costs. In an adjusted
model, obesity, “other arrhythmia,” and valvular disease
were associated with decreased postablation costs, while
“other” insurance (including state policy networks, individ-
ual program plan, group purchasing organization) was asso-
ciated with higher postablation costs. AF subtype was not
associated with postablation costs in adjusted or unadjusted
models. Table 3 depicts the results of the adjusted and unad-
justed models.
Discussion
This study, which assesses the relationship between ablation,
healthcare utilization and cost, and AF subtype (PAF vs
PsAF), has many clinically and economically relevant find-
ings. First, in a comparison of the 12 months preceding to
the 12 months following ablation, significant reductions in
the proportion of patients with AF-related inpatient admis-
sions, ED visits, and cardioversions were observed for both
PAF and PsAF patients. Second, significant decreases in
AAD use were observed for both PAF and PsAF patients,
although AADs were discontinued later after CA in PsAF pa-
tients. Third, the average AF-related inpatient, ED visit,
DCCV, ambulatory, and AAD costs decreased significantly
among both AF subgroups but were higher in the PsAF group.
Fourth, total AF-related costs increased over the 12 months af-
ter CA, which was driven by patients who required repeat CA;
after these patients were excluded, total AF-related costs were
lower for both PAF and PsAF patients. Finally, when one con-
siders an 18-month time horizon after ablation, total AF-
related costs were lower among both PAF and PsAF patients
despite including patients who underwent repeat CA.

It is well established that ablation can reduce AF burden
and improve quality of life among patients with both PAF
and PsAF12; although AF burden is reduced by ablation in
patients with PsAF, it generally remains higher compared
to patients with PAF post ablation. The current study demon-
strates, using contemporary real-world data of CA, that abla-
tion is associated with a significant decrease in AF-related
healthcare utilization and cost. Even when unscheduled
AF-related care is required after CA (presumably owing to
arrhythmia recurrence), it appears to be less resource-
intensive overall, as suggested by a shorter length of stay
for AF inpatient admissions after ablation. Although the eco-
nomic impacts of such findings are of value from the payor
and policymaker perspective, the decreased burden of
nonroutine care (eg, ED visits, hospital admissions, cardio-
versions) is of value from the patient perspective and likely
represents an important mechanism by which ablation of
AF improves quality of life.

The current study demonstrates that, despite the costs of
performing repeat ablation in a minority of patients, the total
costs of AF-related care were decreased during follow-up



Figure 5 Mean changes in the healthcare cost per patient per month for the 6-month preablation and 18-month postablation period, including costs associated
with repeat ablation. Abbreviations as in Figure 1.

34 Heart Rhythm O2, Vol 2, No 1, February 2021
when using an 18-month (but not 12-month) time horizon after
the index ablation. Thus, although the early period after abla-
tion is relatively more resource-intensive (owing to repeat
ablation in a small subset of patients and the relatively more
resource-intensive 90-day “blanking period”), the benefit of
this early investment appears to steadily accrue over time.
As such, longer-term follow-up may reveal AF CA results in
an even greater benefit than estimated by the current study.

Repeat ablations occurred in 7.3% of patients during the
12 months after ablation and were more common in patients
with PsAF vs PAF (8.2% vs 6.7%). By 18 months, ablation
was performed in 10.3% of patients and remained more com-
mon in patients with PsAF (12.1% vs 9.0%). The rates of
repeat ablation in the current study were lower than the
17.2% rate of repeat ablation by 12 months reported by Man-
sour and colleagues; however, their study used older data on
CA (2008–2013) and included a relatively younger cohort
that may be more likely to undergo repeat CA.13 Importantly,
the Mansour study14 and our study strongly emphasize the
impact of repeat CA on healthcare utilization and cost.

Postablation AF management costs were lower in approx-
imately two-thirds of PAF and PsAF patients. Independent
predictors of a postablation reduction in AF management
costs included obesity, valvular disease, and “other
arrhythmia” (which includes supraventricular tachycardias
and atrial flutter). It is plausible that the additional ablation
of organized atrial arrhythmias (reentrant supraventricular
tachycardia, atrial flutter) at the time of index AF ablation
may account for cost reduction among patients with “other
arrhythmias.” Whether a history of obesity and valvular
disease reflects comparatively higher rates of procedural suc-
cess, higher preablation resource utilization that is attenuated
with effective rhythm control, or a combination is unclear and
requires additional study.

This study demonstrates that although the relative decrease
in healthcare utilization and cost after CA is similar regardless
of AF subtype, the absolute post-CA costs are greater overall
for AF-related care of PsAF. These data, in the context of other
data suggesting that CA earlier after AF diagnosis is associated
with lower rates of AF recurrence,15 strongly suggest that early
CA intervention (especially prior to progression to PsAF) has
the potential to maximize the benefit of CA in reducing health-
care utilization and cost. Future studies are required to test this
important hypothesis.
Limitations
This study has several important limitations. First, the PAF vs
PsAF designation was made using administrative claims,
which may have limited accuracy compared to clinically ob-
tained or trial-adjudicated classifications. It is possible that
certain patients in our study actually had 1 or more CAs prior
to the preablation periods and therefore the index ablation
may occasionally not be a first ablation procedure. The pa-
tients included in this study received insurance via certain
carriers and therefore the results of this study may not be
generalizable to patients with other insurance carriers. The
limited follow-up duration may have resulted in an underes-
timate of the long-term economic impact of CA. The Optum
Clinformatics database does not allow assessment of actual
date of death, which, together with the application of contin-
uous enrollment for this study, precluded analyses of mortal-
ity after CA. The observational nature of this study prevents
us from establishing a causal relationship between the AF
ablation procedure and reduction in healthcare utilization;
however, the progressive nature of untreated AF suggests
that CA played an important role in the decrease in healthcare
utilization after CA. This study included commercially
insured and Medicare Advantage members enrolled with
UnitedHealthcare. As such, results may not be generalizable
to certain groups, including fee-for-service Medicare benefi-
ciaries, Medicaid beneficiaries, and veterans. Finally, owing



Table 3 Univariate and adjusted logistic regression models assessing factors associated with lower 12-month total atrial fibrillation
management after catheter ablation

Characteristics Unadjusted odds ratio (95% CI) Adjusted odds ratio (95% CI)

AF type (paroxysmal vs persistent) 1.103 (0.974–1.248) 1.133 (0.995–1.290)
Age
19–49 years 1.435 (1.049–1.963)* 1.194 (0.830–1.717)
50–59 years 1.478 (1.220–1.790)* 1.261 (0.984–1.616)
60–69 years 1.186 (1.031–1.363)* 1.108 (0.946–1.297)
�70 years REF REF

Sex (male vs female) 1.025 (0.906–1.161) 0.964 (0.836–1.110)
Region
Midwest REF REF
Northeast 1.070 (0.867–1.321) 1.126 (0.908–1.398)
South 0.906 (0.780–1.053) 0.940 (0.805–1.097)
West 0.929 (0.760–1.136) 0.977 (0.796–1.200)
Unknown 1.825 (0.204–16.362) 2.652 (0.290–24.287)

Insurance type
EPO / HMO REF REF
Indemnity 0.732 (0.373–1.438)* 0.860 (0.432–1.712)
Point of Service/Preferred Provider
Organization

0.945 (0.754–1.186)* 0.959 (0.760–1.210)

Other 0.698 (0.566–0.862)* 0.768 (0.612–0.965)*
Hospital bed size
Large REF REF
Medium 0.925 (0.770–1.111) 0.967 (0.802–1.167)
Small 1.061 (0.644–1.746) 1.021 (0.616–1.694)
Unknown 1.031 (0.889–1.196) 1.026 (0.881–1.195)

Admission year
2016 REF REF
2017 0.875 (0.705–1.085) 0.900 (0.723–1.120)
2018 0.859 (0.687–1.074) 0.893 (0.711–1.122)

CHA2DS2-VASc score
0 REF REF
1 and 2 0.914 (0.661–1.263) 0.935 (0.638–1.368)
3 and above 0.822 (0.602–1.123) 0.925 (0.585–1.462)

CCI score
0 REF REF
1 and 2 1.057 (0.905–1.233) 1.103 (0.916–1.328)
3 and above 0.984 (0.838–1.157) 1.131 (0.868–1.475)

ICD/CRT-D 0.984 (0.789–1.226) 0.928 (0.731–1.177)
Sleep apnea 1.160 (1.022–1.318)* 1.096 (0.953–1.260)
Obesity 1.245 (1.089–1.423)* 1.207 (1.041–1.400)*
Diabetes 0.923 (0.804–1.060) 0.897 (0.760–1.058)
Hypertension 0.981 (0.836–1.151) 1.035 (0.844–1.268)
Chronic pulmonary disease 0.954 (0.828–1.099) 0.915 (0.778–1.075)
Renal disease 0.864 (0.730–1.022) 0.826 (0.674–1.012)
Other arrhythmia 1.326 (1.160–1.517)* 1.312 (1.142–1.507)*
Valvular disease 1.367 (1.207–1.548)* 1.426 (1.251–1.625)*
Cardiomyopathy 1.182 (1.006–1.389)* 1.202 (0.969–1.490)
Myocardial infarction 1.248 (1.001–1.558)* 1.248 (0.987–1.578)
Heart failure 1.048 (0.920–1.194) 0.894 (0.738–1.083)

CCI5 Charlson Comorbidity Index; CRT-D5 cardiac resynchronization therapy with defibrillator; EPO5 Exclusive Provider Organization; HMO5 Health Main-
tenance Organization; ICD 5 implantable cardioverter-defibrillator; POS 5 Point of Service; PPO 5 Preferred Provider Organization; REF 5 reference.
*P , .05.
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to limitations of the database, we were not able to include
patient-centered outcomes (eg, AF-specific and general
quality-of-life measures), which reflect the rationale for pur-
suing CA in most instances; however, it is likely that frequent
healthcare utilization (particularly urgent and unscheduled
care) does have an important influence on disease-specific
and general quality-of-life measures.
Conclusion
Significant reductions in healthcare utilization and costs were
observed among PAF and PsAF patients undergoing CA; the
magnitude of reductions increased with greater duration of
follow-up. Based on these data, a strategy of earlier CA
may have the potential to reduce long-term healthcare utiliza-
tion and costs.
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